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A b s t r a c¢ t

Many textbooks have diagrams illustrating astronomy concepts. However, research shows that
sometimes learnerstruggle to obtain information illustrated in diagramEhis study investigated

|l earnersd ability to interpret diagrams il |l ust:
theoretical framework used to design the study and interpret resulteirg dssociated with design

and interpretation of diagrams, spatial ability theory which explains how people mentally
manipulate objects in space, and the theory of models which proposes issues to take into
consideration when using models (e.g. diagramsgjaasrooms. | collected and processed data in

three phases.

In the first phase, | administered a diagnostic test to 75 learners, investigating their ideas about
concepts associated with phases of the Moon. In addition, | administered six spatialesitdlitg

these learners, investigating their mastery of spatial ability skills needed to understand concepts
associated with phases of the Moon. Results show that all the learners lacked background
knowledge of these concepts. Furthermore, most oketimaérs lacked spatial ability skills needed

to understand these concepts. | used these results to select 10 learners for participation in the third
phase of the study. Five of these learners had high spatial ability skills while the other five had low
spatial ability skills.

During the second phase of the study, | analyzed 28 diagrams illustrating phases of the Moon to
investigate the extent to which their composition (i) might enable learners to perceive all
diagrammatic information, (i) might enabllearners to understand information for which the
diagrams are intended, and (iii) complies with context of intended learners. Results show that only
few diagrams were designed in a way that might hinder perception of information. However, most
diagramswere designed in a way that might hinder understanding of intended information, and
many did not comply with context of intended viewers. These results enabled me to select four
diagrams having the fewest design problems to be used in the third phizsetoidy.

In the third phase, | interviewed the ten learners selected during the first phase, to invibstigate

ability to interpret diagrams illustrating phases of the Moon. The learners were generally able to
interpret aspects of diagrams whiclqueed the diagrams to be perceived in slimensional

space. However, they struggled to interpret aspects of the diagrams which required perception and
mental manipulation of theomponents of thEarthMoon-Sunsystemin threedimensional space.

The hph spatialability learners were better able to cope with tasks requiring mental manipulation

of the EartAMoon-Sun systemin space than their low spatial ability counterparts. These results
suggest the existence of a link between spatial abilityandear s 6 i nt er pr et ati on o

Teachers should be informed about these findings to help them understand how usage of the
diagrams might hinder leaning. This information might help them use diagrams that have fewer
design problems. Alsdeachertrainers should be informed about these findings, to help them
caution preservice teachers about problems found in textbook diagrams. In adgitiolishers

should be informed about findings of this study to help them improve quality of diagrams @h scho
textbooks. Furthermore, researchers should investigate strategies that can help learners (particularly



those with low spatial ability skills) to better cope with aspects of diagrams which require mental
manipulation of the EartBunMoon systemin spae.
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Chapter 1 | nt roducti on

This chapter presents aidifr background to the study, i.e. the context of the study, the problem
motivating the study, aim of the study, research questions answered by the study, methods used in
the study, and outline of the thesis.

1.1 Context of the Study

The study was conductéd Johannesburg, South Africa. The South African school system consists

of two bands, the General Education and Training (GET) band and the Further Education and
Training (FET) band. The GET band has three phases: the Foundation Phase consisting df Grade
to 3 (for learners aged approximately 6 to 8 years old), the Intermediate Phase consisting of Grades
4 to 6 (for learners aged 9 to 11 years old), and the Senior Phase consisting of Grades 7 to 9 (for
learners aged2ito 14 years old). The FET bandnsists of Grades 10 to 12. Grades 1 to 7 are in
primary school while Grades 8 to 12 are in high school. This study focused on content knowledge
prescribed for learners studying in the GET band of this system. As a result, the rest of this
discussion foases on the GET band.

At the commencement of this study in 2006, the GET band used a curriculum document called the
Revised National Curriculum Statemef®NCS), which has eight learning aredsinguages,
Mathematics, Natural Sciences, Social Sciendes, and Culture, Life Orientation, Economic and
Management Sciences, and TechnologA modified version of this document, called the
Curriculum and Assessment Policy Statem{@HAPS), is being introduced now that this study is
nearing completion. The S is expected to be used in schools from January 2012 (Department
of Basic Education, 2011). In the following sections | show relevance of the study to requirements
of both the RNCS and the CAPS.

The RNCS outlines Learning Outcomes and Knowledge Striordsach of the eight learning
areas. The current study focused on Matural Sciencedearning area. As a result, | discuss
Learning Outcomes and Knowledge Strands outlined for this learning area.

1.1.1 Learning outcomes for the Natural Sciences

The RNCS otlines three Learning Outcomes for tNatural Sciencesearning area, and defines

t h e s eopemt®ons fivhich the learner must be able to do on a certain range of scientific
knowl edgedo ( Depar t me nThe fissf learBidguut@mne deaistiviSetific2 : 7 )
Investigationsthe second witlConstructing Science Knowledgdile the third deals witlscience,
Society and the Environmenthe current study focused on the second learning outcome elaborated
as follows:



iThe | ear ner 6his Learaimymattomer carebe sern irt the ability to collect or extract

information from various sources, and then to org
this competence involves process skills such as interpreting information by interrquatings
and diagrams, transforming information from one fc

expressing a relationship between two variablesodo (

The CAPS document refers to the Learning Outcomes as SpAutifis, and spells out skills that

can enable the Specific Aims to be achieved. Among these skills, the CAPS states that learners
should be able to use tools such as written summaries, flow charts, diagrams and mind maps to
analyse, evaluate and synthesicowledge acquired from a variety of sources including people,
books and internet, and to apply this new knowledge in unfamiliar contexts (Department of Basic
Education, 2011).

112 Knowl edge strands for the &6dNatural Sc

The RNCS categares scientific knowledge into four knowledge strardfe and Living Energy

and ChangePlanet Earth and BeyondindMatter and Materials The current study focused on

the knowledge stranBlanet Earth and Beyond whi ch deal s wi tplanetiandh e st r
how the earth changes over time, on understanding why and how the weather changes, and on the
earth as a small pl anet in a vast wuniverseo (De

The RNCS requires Foundati on Ph amd ebjedtsecarr beer s t
observed in the sky. Examples are é the sun,
objects have properties, locations and movements that can be investigated with a view to
determining patter ns eparnehtaftEducation 2002:69). @On the athere n d s ¢
hand,the RNCS requires Intermediate Phase learners to knowithah e moondés appare
changes in a predictable way and these changes may be explained by its motion relative to the earth
and s un mentobEducation, 2002: 69). As for ti8enior Phase, the RNCS requires

learners to knowthdi most objects in the solar system are
motions of the earth angloon explain such phenomena as the day, the year, pblages moon,
and eclipseso (Department of Education, 2002:71

The CAPS refers to the four Knowledge A&A¢ar ands
dealing with the planetarth and beyond, the CAPS recommends that Grade 7 learners be taught
thatthe Sun, the planets and the Moon (appear to) have regular and predictable motion. In grade, 8,

the CAPS requires that learners be taught that spatial objects have predictable motion as a result of
gravitational force, and further expects learners tabght about phases of the Moon and eclipses.

For both Grades 7 and 8, the CAPS emphasises that learners need to be able to interpret diagrams,
especially those illustrating thremensional phenomena.

The preceding discussion shows that the RNCS laaCAPS expect learners in intermediate and
senior phases of the GET band (approximately aged 9 to 14 years) to learn about concepts



associated with changing configurationstltd components dhe EartAMoon-Sunsystem and to
interpret diagrams illustrieig science concepts. These two ideas formed the focus of the study.

1.2 Problem motivating the study

Several scholars have conducted research dealing with concepts associated with thedtarth

Sun system including day and night, seasons, phases ofvthen, and eclipses.This research

shows that many students and teachers find astronomy concepts difficult to understand, both locally
(e.g. Cameron, 2007; Kelfkens & Lelliott, 2006; Lelliott, 2007; Mosoloane, 2005) and
internationally (e.g. Atwood & Atwod, 1996; Bakas & Mikropoulos, 2003; Vosniadou, Skopeliti

& lkospentaki, 2005).

The current study focused on phases of the Moon, which is only one aspect of thHeldarBun

system Most research dealing with moon phases investigatedteptual difficuies held by
students and teachers about moon phases (e.g. Baxter, 1989; Mant & Summers, 1993; Wilhelm,
2009a), and impact of teaching interventions on understanding of these concepts (e.g. Bell &
Trundle, 2008; Jones & Lynch, 1987; Trumper, 2006). Fumliof this researckhow that many
students and teachers struggle to understand these concepts even after undergoing instruction in
astronomy.

To help learners understand science concepts, most textbooks provide diagrams and textual
information dealingwith these conceptsHowever, iterature shows that some textbooks contain

i nformation that mi g ht hi nder |l earnersd under s
Sebastia & Torregrosa, 2005; Vosniadou, 1991). Furtherritmmture shows thagome students
struggle to obtain information illustrated in diagrams. Some of the problems inclimkbdity to

perceive associated symbols as linked (e.g. du Plessis, Anderson & Grayson, 2003), not reading
diagram captions (e.g. Ametller & Pinto, 200being unable to interpret depth cues (e.g. Liddell,
1997; Nicholson & Seddon, 1977), linking diagrams with irrelevant text (e.g. Khanyane, 2002),
paying attention to some and not otlaeeas of diagramg.g. du Plessis et al., 2002)nd giving

more information than provided in diagraffesg. Stylianidou, Ormerod, & Ogborn, @®). These
problems may possibly add to difficulties encountered when learning about phases of the Moon.

Many scholars argue that learners need to use spatial ability skills in order to understand concepts
associated with the Eartfloon-Sunsystem(e.g. Hans, Kali & Yair, 2008; Mulholland & Ginns,

2008). For example, they should be able to imagine observingystemfrom space and from the

Earth, and also to imagine revolutions and rotations of the Earth and the Moon iditheesional

space in ordeto understand changes in the phases of the Moon (Callison & Wright, 1993).
However, research shows that some students and teachers lack these spatialgskiidigon &

Wright, 1993; Rochford & Sass, 1988; Suzuki, 2003)earners who lack these ik& may
encounter problems of understanding concepts associated with thevieartitSunsystem



The problem is that many learners (i) find astronomy concepts difficult to understand, (ii) struggle
to obtain information illustrated in diagrams, and (#¢k spatial ability skills needed to interpret
these diagrams and to understand information illustrated in the diagrams.

1.3 Significance of the study

| have indicated that the bulk of research dealing with moon phesaavestigatedconceptual

difficulties held by respondents about moon phastsview of literature shows that most of this
research paid attention to responageBatxtes®89] deas
Mulholland & Ginns, 2008; Sharp, 199&hd interventions intended to help learners understand the

cause of these phasés.g. Jones & Lynch, 1987; Sherrod & Wilhelm, 2009; Subramaniam &
Padalkar, 2009) Literature further shows that less attention has been paid tou dent s 6
undestanding of other concepts associated with phases of the Moon. The current study
investigated studentsd understanding of these
body of knowledge about s tMoah8unstysted. under st andi ng

| have also indicated that several scholars have conducted research involving diagrams. However,
most of this research investigated impact of diagrams on understanding textual inforf@ation
Hannus & Hyona, 1999; Mathai & Ramadas, 2009; Winn & Solomon, 188Bact of background
knowledge on interpretation of diagrarfesg. Kindfield, 1993/1994; Kozma, 2003; Lowe, 1988)
impactof animations on learning informatide.g. Hoffler & Leutnar, 2007; Lewalter, 2003nd

impact of cognitive load on interpretation of diagraf@g. Sweller, Chandler, Tierney, & Cooper,

1990) Less research has been conducted to investigate the nature of diagrasns fecimool
textbooks. In fact, literature reviewed for this study showly four studies which investigated the
nature of diagrams illustrating phases of the Moon. Three of these studies dealt with diagrams
found in school textbook; Engestri®91)who analysed diagrams illustrating phases of the Moon

in textbooks approved for use in a Finnish secondary school, MaRewa& and GiQuilez (2001)

who analysed diagrams illustrating phases of the Moon in Spanish pamersecondary schools,

and Dove(2002)who analysed a diagrafound in a textbook recommended for use in UK primary
school s. The fourth study analysed (Trurdla,str at i
Troland, & Pritchard, 2008)It is worthy to note thatone of the four studies investigated syntactic
problems found in diagrams illustratinghases of theMoon, i.e. problems associated with
perception of information illustrated in these diagrams. Furthermore, only Trundle and her
associates investigated semantic problems found in these diagrams, i.e. problems associated with
obtaining informéon illustrated in these diagrams (but their analysis touched on only a few of
these problems). Additionally, none of the studies investigated pragmatic problems found in these
diagrams, i.e. problems associated with suitability of the diagrams to tomtexended viewers.

The current study investigated all syntactic, semantic and pragmatic problems found in diagrams
illustrating phases of the Moon. Findings of the study extent our understanding of semantic
problems found in these diagrams (in additi t o Trundl e et al . 6s wor Kk
knowledge by making us understand syntactic and pragmatic problems found in the diagrams.



In addition to analysis of diagrams found in school textbooks, a review of literature shows that very

little reseac h has been conducted to investigdege | earr
Ametller & Pinto, 2002; Colin, Chauvet, & Veinnot, 2002; Khanyane, 200R)urthermore, no
research has been conducted to investihageatfe | ear

the Moon. The current study investigated the extent to which learners understand information
presented in these diagrams. Findings of the study contribute new knowledge to the field of
astronomy education by helping us understand the extentithwliagrams serve the purpose
intended by publishers and textbook writers.

Further to analysis and interpretation of diagrams, literature shows that very little research has been
conducted to investigate links between spatial ability and astronomy ¢sndegpite arguments of

many scholars that understanding astronomy concepts requires usage of spatial ability skills. In
fact, literature reviewed for this study showasly five studies conducted to investigate links

bet ween spati al unddrstahding of astnonainy concepitheer bf shése studies
investigated correlations between spati al abili
(Black, 2005; Kikas, 2006; Rudmann, 2002). The fourth investigated links between spatial abil

and conceptual change as students learned about astronomy concepts (Callison & Wright, 1993).
The fifth investigated links between gender differences, spatial ability and conceptual change as
students learned about phases of the Moon (Wilhelm, 200%b}s worthy to note that only

Wil helm investigated | inks between spatial abi |
However, her study paid no attention to | earner
In fact | found nosudi es which have investigated | inks

interpretation of diagrams illustrating phases of the Moon. The current study investigated this link.
Findings add new knowledge which can be used to design interventions thaheiglearners to

better understand phases of the Moon. I n addi
extends the existing body of knowledge abspatial ability skills of learners in this part of the
world (very little researchhasbeemd e i n Africa, e. g. Sandersodés (2

1.4 Aim of the study

This study was <carried out to investigate (i)

phases of the Moon in addition to the causdahefsephases, (ii) the extent to which textitoo

diagrams illustrating phases of the Moon comply with design principles recommended in literature,

@i i) |l earners6 ability to obtain information i
spatial ability and | agmamaier sdé interpretation of

Findings of this study might help teachers to realise problems with the diagrams, so as to select and
use diagrams with fewedesignproblems. Furthermore, these findings could help publishers to
improve the quality of textbook diagrams illusingt these concepts (improved diagrams might help
learners to better understand phases of the Moon). Additionally, the findings might help us
understand the extent to which these diagrams convey information intended by teachers and
textbook writers to leaers.



1.5 Research questions

The following research questions have been answered by the study:

1. What is the 1l evel of Grade 9 Natur al Science
associated with phases of the Moon?

2. Whatis the level of Grade 9 Nau r a | Science |l earnersbd6 spatial é

3. To what extent does the composition of diagrams illustrating phases of the Moon (in South
African school textbooks) comply with design principles recommended in literature?

4. What interpretations do learnerssi@m to components of diagrams illustrating phases of the

Mo o n , and what does this imply about |l earner
diagrams?
5. What Iinks (if any) exist between | earsiersodo s

illustrating phases of the Moon?

1.6 Theoretical framework

Publishers include diagrams in textbooks because of the belief that the presence of diagrams
enhances learningSeveral authors argue that spatial relations between objects are more easily
obsewved from diagrams than from text.g. Braden, 1994; Gilbert & Boulter, 1998; Gobert &
Buckley, 2000; Crawford & Cornel004). It is not surprising, therefore, that diagrams are used to
illustrate concepts associated with the Edfibon-Sun system Understanding these concepts
requires learners to use spatial ability skills.

Spatial ability. Spati al ability is a measure of peopl ed
space (Carroll, 1993; Lohman, 1979Researchers have identified three distispatial ability

skills; (i) spati al perception which is a measure of
spati al orientation which is a measure of peop
viewing objects from different pspectives, and (iii) spatial visualization which is a measure of
peoplebds ability to perform sever al ment al tr

Petersen, 1985). All these skills are needed to understand astronomy concepts. For example,
spdial perception enables people interpreting moon phase diagoafosus on certain images of

the Moon while provisionally ignoring other images of the Moon in the diagram. Spatial
orientationenables peopl® understand, for example, why rotation of Herth on its axis causes

day and night. Spatial visualization, on the other hand, enables people to understand complex
relationships between rotations and revolutions of the Earth and the Moon about the Sun



Understanding this complex association hefpgxplain, for examplexhy earth viewers see only
one side of the Moon.

| administered tests measuring the three components of spatial ability and used results to gain
understanding of |l earnersbd6 spat i atoinediigate linksy s ki |
bet ween spatial ability and | earnersé interpret

Models and modellingThe diagrams used in this study represent a model of the-lagh-Sun
systemconceptualised by scientists. $garch shows that sometimes students struggtietuify
similarities and differences between models and target con@ptsGrosslight, Unger, Jay, and
Smith, 1991). Gilbert, Boulter and Rutherford (1998b) argue that students who are not fully aware
of these analogies are likely to develop inadequate understanding about information conveyed by
the models. For this reason, they suggest that illustrators spell out similarities and differences
between models and targeted concepts. | used these ideaediigate whether, and the extent to
which illustrators of diagrams illustrating phases of the Moon provide information to help learners
make accurate mappings between diagrammatic information and targeted concepts.

Diagram-related issues lllustrators e conventions to communicate information through
diagrams, e.g. omittinglevices used to hold apparatus in place (Henderson, 1999). Several
researchersecommend principles/guidelines for using these conventions to convey messages in
diagrams(e.g. Braden, 1994; Fredette, 1994; Gropper, 196Bpsslyn (1989) classifies these
principles into three categes: syntactic principles which focus on perception of marks (symbols
and words), semantic principles which focus on interpretation of messages conveyed by the marks,
and pragmatic principles which focus on suitability of diagrams to intended audiences.

Studentsd ability to obtain i nf anyfadotsiwbighcan!| | ustr
be grouped into two main categorigscturerelated factors and studeriated factorg(Reid,

1990). Picture related factors include the nature of inforomaillustrated in diagrams, e.ghe

number of elements that have to be processed, the extent to which the elements interact, and the
accuracy with which diagrams illustrate this information. On the other hand, stetdat factors

i ncl ude osdeptudlemderstanding of information illustrated in diagrams, their familiarity

with conventions used in the diagrams, and their possession of skills needed to interpret the
diagrams Fredette, 1994; Lowe, 1986; Schénborn, Anderson & Grayson, .2002)

| used these ideas to investigate the extent to which diagrams illustrating phases of the Moon
comply with design principles recommended in [
to interpret conventions used in these diagrams.

Summary The preceding discugsn shows that three constructs formed a theoretical framework

used to design the study and interpret results: (i) the spatial ability theory which helped me
understand | earnerso6 ability t oelksketwaenspatigslpat i al
ability and |l earnersdé6 interpretation of di agr a
models which helped me interpret results obtained from analysis of these diagrams, and (iii) the
theory of diagrams which helped rivgerpret results obtained from analysis and interpretation of

these diagrams.



1.7 Methodology

| administered six tests to measure | earners?o
provided an answer to the first research question. Iniadditadministered a diagnostic test to
investigate | earnersd understanding of concept s

investigate their ability to mentally manipulate celestial objects in space. Data obtained from the
diagnostic tesiprovided an answer to the second research question. Additionally, | analyzed
textbook diagrams illustrating phases of the Moon to investigate the extent to which their
composition complied with design principles recommended in literature. Data obtainethis

analysis provided an answer to the third research question. | used spatial ability test scores to select
learners who interpreted diagrams illustrating phases of the Moon. Furthermore, | used-diagram
analysis results to select diagrams thaséduduring interviews. Having selected the diagrams and

the | earners, I conducted interviews to invest
phases of the Moon. Results of diagram interpretation provided answers to the last two research
questions.

1.8 Outline of the report

Chapter 1 has given introduction of the study, which includes context of the study, problem
motivating the study, and research questions answered by the study.

Chapter 2 presents literature relating to phases of thenMad theoretical constructs used in the

study. The first part reviews literature related to conceptual difficulties associated with phases of

the Moon, possible causes of these difficulties, and application of spatial ability in astronomy
education. Theecond part reviews literature relating to three constructs used to design the study

and interpret findings. First this section defisegtial ability, discusses tests used to measure this
construct, presents | it erldls$ and éiscusde® mantal procasdes nt s 6
and strategies used when answering spatial ability tests. After this, the chapter defiods] a

discuses types of models, and discusses the-Eartim-Sunsystemas a model. Then the chapter
discusses literatureedcribing importance afiagrams principles recommended for composition of
diagrams, and problems associated with diagram design and interpretation.

Chapter 3 describes the paradigm on which the study was based, sampling methods used in the
study, andmethods used to collect and process data obtained in the study, bearing validity and
reliability issues in mind.

Chapter4 presents results obtained from administration of the diagnostic test, and gives an answer
to thefirst research question. Theresftthe chapter discusses conceptual knowledge related to
phases of the Moon, held by learners selected to participate in interviews.



Chapter5 presents results obtained from administration of spatial ability tests, and then gives an
answer to thesecondresearch question. Thereafter, the chapter explains how the spatial ability
scores informed selection of learners interviewed about diagrams illustrating phases of the Moon.

Chapter 6 presents results obtained from analysis of textbook diagrams iigsphatises of the
Moon, and further gives an answer to the third research question. Thereafter, the chapter explains
how diagrarmanalysis informed selection of diagrams used for interviews.

Chapter 7 presents | ear ner s frating phases pfrthetModni on 0
Thereafter, the chapter discusses |inks betweel
diagrams

Chapter 8 presents |l earnersd interpretation of
and discussed i nk s bet ween spati al ability and l ear

Thereafter, the chapter presents answers to the last two research questions.

Chapter 9 consolidates findings of the study, relates them to the theoretical framework, and
discusses implications of the results to learning about phases of the Moon.

1.9 Definition of terms

This glossary defines the terms and phrases as used in the current thesis.

Inscriptions: Alphabetical and numerical symbols used in a diagram. These writifgs la
components of diagranadbr explain what happens in parts of diagrams.

Symbols: Graphical symbols found in diagrams.

Marks: Both symbols and inscriptions used in a diagrams.

Terminator line: Interface between illuminated and unlit parts of theohlo

Earth shape: The shape representing the Earth in diagrams illustrating the Madh-Sunsystem

Moon shapes:Shapes representing the Moon in diagrams illustrating the -Ebrtim-Sun system
6 Moon shapebo refers bot h ofttlee Medmagme shapese pr e s
representing the Moon as it orbits the Earth.

Cut-out moon shape:Shapes representing phases of the Moon cut out from Diagram 21b. These
shapes were used during interviews (referred to mainly in Chapters 7, 8 and 9).



1.10Conclusion

The chapter has given introduction to the study. The next chapter discusses literature associated
with phases of the Moon, and theoretical constructs and research findings that guided design of the

study and interpretation of results.
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Chapter 2 Literature review and t hec

The first section of this chapter discusses literature related to understanding astronomy concepts
with particular reference to phases of the Moon. The second section discusses trs=uti¢o
design the study and guide interpretation of results.

2.1 Understanding concepts associated with phases of the Moon

Several schol ars have conducted research i nve
concepts including shape of the Eaftty. Nussbaum, 1985; Voshiadou & Brewer, 1990), day and
night (e.g. Baxter, 1989; Klein, 1982), seasons (e.g. Atwood & Atwood, 1996; Sharp, 1996), phases
of the Moon (e.g. Dove, 2002; Trumper 2000), eclipses (e.g. Barnett & Morran, 2002patra,
1991),and the solar system (e.g. Diakidoy, Vosniadou & Hawks, 1997). This research shows that
school learners (Kikas, 1998; Mosoloane, 2005);sgmwice teachers (Atwood & Atwood, 1996;
Callison & Wright, 1993) and practicing teachers (Mant & Summers, 1989&eP & Heywood,

1998) struggle to understand these concepts. The current studydfacusmly one of these
concepts, i.e. phases of the Moon. As a result, the rest of this discussion deals with literature
associated with phases of the Moon. Firstdcdss literature explicating conceptual difficulties
associated with phases of the Moon. Then | discuss literature showing possible causes of these
difficulties, and end the section by paying special attention to spatial ability as one of these possible
causes.

2.1.1 Conceptual difficulties related to phases of the Moon

The bulk of moon phase research shows that many people have misconceptions about the cause of
moon phases (scientists believe that the Moon appears to change shape as seen from the Earth
becase of changing configurations of tkemponents of th&arthMoon-Sunsysten). | define

mi sconceptions as ideas that 6di ffer from the
Roth, 2006:1086). Appendix G(i) illustrates some misconceptions #imgause of phases of the

Moon reported in literature reviewed for this study. The appendix reports studies conducted in
different parts of the world involving participants at different levels of education, e.g. primary
school students in the USA (Hobsofrundle & Sackes, 2010), secondary school students in the
USA (Rider, 2002), university students in Israel (Trumper, 2000}s@néce teachers in South

Africa (Kelfkens & Lelliott, 2006), and practicing teachers in the UK (Mant & Summers, 1993;
Parker & Heywood, 1998). The following section discusses the misconceptions illustrated in
Appendix G(i).
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The cause of moon phases

Appendix G(i) shows five misconceptions commonly held about the cause of moon phases. One of
these misconceptions is that ti®@on changes shape so that viewers on Earth see different phases

in the course of a month. This idea has been given by very few individuals who participated in

three of 22 studies illustrated in the appendix, i.e. one of threto-sight yearolds who
participated in Wil hel mo sto-séveniebnOyeaajlds who patigipatedL 3 % o f
i n Roald and Mi kal s e nspesified featiénlo) 32 mitddledsghool studedts a n o
who participated i n Ri der otsatparicipantd in thesthreedstydies |t |
were reasonably younger in age (i.e. no-g§@evice or practicing teachers gave this idea).
According to the response given by these patrticipants, the Sun plays no role in the cause of moon
phases. This suggeststtitlae respondents had a very naive idea of associating moon phases with

the Moon only, not with the relationship between the Moon and the-Barteystem It is worthy

to note that all the studies reporting this idea used interviews to collect datafactThbat the

studies employed interviews suggests that the idea came from the participants, not from hints given

to participants as would be the case with multghleice questions.

Six studies reported a r esponsseshadow obschréescearth par t i
viewers from seeing (fraction of) the Moon. This idea appears to be very naive since the Sun is the
source of light in the solar system, and is not expected to have a shadow. The idea has been
reported in research involving high ¢ 0 o | student s, except in Mul hol
the participants were pigervice teachers. It seems surprising that high school students and pre
service teachers do not understand that the Sun cannot have a shadow. This suggestsadlat they h
poor understanding of concepts associated with optics, which would enable them to understand that

a source radiating light in all directions does not have a shadow, unless otherwise in presence of
another source of light (Martind2ena and GiQuilez (201) found that some piervice Spanish

teachers lacked this knowledge). Also notable is the fact that this idea has been reported in studies
that used multiplehoice questions to obtain data (Mulholland & Ginns, 2008; Trumper 2001a,
2001b) and in studs that used interviews to get data (Baxter, 1989; Rider, 2002; Trundle, Atwood,
Christopher & Sackes, 2010). Participants who answer multhpdéce questions might select
responses without necessarily understanding the idea in a response. Howewuet,ttiad the idea

has been found through interviews suggest that this (apparently naive) idea was held firmly in the
minds of some participants.

Another response, reported in 16 of the 22 studies, is that phases of the Moon are caused by
obstacles obscurg (a fraction of) the Moon from sight of earth viewers. These obstacles include
clouds (e.g. Baxter, 1989; Sharp, 2006), and other planets than the Earth (e.g. Kucukozer, 2008;
Trundle et al., 2010). This misconception has been reported in researstnmpymung children

(e.g. Sharp, 1996; Stahly, Crockover & Shepardson, 1999; Roald & Mikalsen, 2001; Wilhelm,
2009a), high school students (e.g. Herman & Lewis, 2003)sgmdce teachers (e.g. Callison &
Wright, 1993) and practicing teachers (e.g. M&summers, 1993). It is surprising that this
misconception has been reported in research involving older participants. One would expect them
to understand that obstacles such as clouds cannot block the Moon at regular intervals so that earth
viewers se@ regular pattern of moon phases during each lunar circle.

12



Five papers reported a response in which | earne
Moon. The Sun is not mentioned in these responses, suggesting that respondents mistakenly
associated moon phases with the Edviihon systemonly. This surprising response has been given

not only by young children (Barnett & Morran, 2002; Sharp, 1996; Trundle et al., 2010), but also by
pre-service teachers (Kelfkens & Lelliott, 2006; Trundlewabd & Christopher, 2002). It is

worrying that all the five studies that reported this misconception used interviews to collect data,
which means the response has been given by respondents, not selected from-ahaltple
distracters.

The mostcommomi sconcepti on, reported in 19 of the 22
phases of the Moon. Unlike the previous (mostly naive) ideas which have been given mainly by
young children, this idea has been given by participants at all levels of iedudat. young

children (Hobson et al., 2010), secondary school students (Kucukozer, 20083npce teachers

(Callison & Wright, 1993), and practicing teachers (Parker & Heywood, 1998). According to this
misconception, the Earth casts a shadow onMthen so that earth viewers see a fraction of the

Moon that i s not covered by the Earthés shado
scientific conception because it makes reference to the Earth, the Sun and the Moon, unlike other
misconceptions wibh refer, for example, to the Eattiioon systemwithout making reference to

the Sun. However, respondents giving this misconception seem to lack understanding of the fact
thatt he Moonds orbi°tal theat lEair ¢ ho s heoModniistoslylrdiglyat h, s
in line with the EartiSunsystem(which is why eclipses occur only rarely).

Other concepts associated with phases of the Moon

In addition to the cause of moon phases, research shows that some people have poor scientific
understading of other concepts associated with phases of the Moon. One of these concepts is the
rate of change of moon phas#ise(Moon takes 29.5 days to complete its lunar phases; Figure 4.4,
page 88 summarises time lapse between phases of the Mdalfjolland andGinns (2008) gave

72 preservice teachers a multiptdoice test which had questions requiring respondents to select
alternatives that indicate time lapse between phases of the Moon as illustrated in Table 2.1.

Table 2.1 Preservice teachers6 ideas about the rate of (
& Ginns, 2008)

Percentage of 72 preservice teachers giving a correct
Time lapse between the following moon answer
phases
Pre-test Posttest
New Moon and First Quarter 48.6 56.9
New Moon and Last Quarter 20.8 34.7
Full Moon and Last Quarter 1.4 22.2
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The table shows that about half of the participants selected a correct answer for the time lapse
between New Moon and First Quarter in the-fgst. However, only about 21% of the participants
selected a correct response for time lapse between New Moon and Last Quarter, while only about
1% selected a correct response for the time lapse between Full Moon and Last Quarter. Table 2.1
shows that many ptcipants gave incorrect ideas in the ptesit, suggesting that the teaching
intervention did not help the majority to understand this concept. It is tempting to interpret these
results as suggesting that the majority of participants had poor undéergtafidhe rate at which
phases of the Moon change. However Mulholland and Ginns indicate that at least two of the
questions required respondents to interpret diagrams while answering these questions. There is a
possibility that totmancerire thgseo quéstonst refléct theo wabifitye to f
visualize what the diagrams illustrated, rather than misconceptions about information illustrated in
the diagrams (I show in Section 2.4ffages 4&2) that sometimes learners struggle to interpret
information illustrated in diagrams).

Closely related to the rate of the change of t
have inaccurate ideas about duration of the Mo
days to orbit the Earth). Faexample, Schoon (1992) administered a muklgtieice test to a

sample of 1 213 elementary students, high school students and adults. One question asked the
participants about the duration of the ddoonés
6day6é as the best estimate of this duration, W
duration. These responses indicate that many ¢
orbit around the Earth (Schoon did not indicate theegrdage of participants who selected the

correct answer). Like Schoon, Trumper administered a mutthudce test which had a question
asking participants to select a distractor bes
Earth. The distr@tors were hour, day, week, month, and year (month was the best estimate).
Trumperdéds research involved 76 university stuc
students (Trumper, 2001a) and 378 senior high school students (Trumper, 2001b), raklin Is

Only three of the university students had previously studied physics (which included astronomy
concepts), while none of the high school students had encountered formal instruction on astronomy
concepts. In the first study, 61% of the universitdstunt s s el ected &édmont hd as
subsequent studies, 58% of junior high school students and 70% of senior high school students
selected 6émonthd as the best esti mat e. These
correctyestmhed t he duration of the Moonds orbit witdtl

More recently, Mulholland and Ginns (2008) administered a muitiptéce test which had a
question asking respondents about deuespohdertsn of t
had to select a correct response among the following: less than a day, one day, one week, two
weeks, one mont h, 6 mont hs, one year, and mor
answer). Just over 50% of the participants selectedract@nswer for this question. Mulholland

and Ginns interpreted these results as suggesting that the participants had a good idea about the
answer to this question. I't is noteworthy that
Trumperand M| hol |l and and Ginnsés studies. As a res
participants knew that the Moon takes about a month to orbit the Earth. However, the questions
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give no information about | eareneMasdn &sn oonl keidtg ea ro
Earth.

Also notable from literature, is the fact that some people have poor understanding of terminology
used in astronomy. One of the confusing areas
Rotation in space is theetm used to describe the spin of planetary bodies on their axes; for
example the turning of the Earth and of the Moon on their axes, kehibdéution is the term used to

describe the movement of planetary bodies along a path, for example the movemenitobih

around the Earth, and the movement of the Earth around the Sun. Research shows that some
children (e.g. Stahly et al., 1999) and-pegvice and practicing teachers (e.g. Parker & Heywood,

1998) use the two terms interchangeably. Interestingly,ILe ot t and Roll nick©os
astronomy education research shows that even researchers sometimes use these terms
interchangeably. Another problem of terminology is associated with the names given to phases of

the Moon. Some of these names carcdiefusing, eg. New Moonconfusinglyrefers to the phase

when the Moon cannot be seen, while First Quarter and Last Quarter refer to phases in which Earth

Vi ewers see a Ohalf moond (not a quarter). Re
theseterms. For example, some Spanish-ggevice teachers who participated in MartifEna
andGilQui |l ezdés (2001) research thought First Quar:t
the Moon could be seen from Earth, while in actual fact haliefisible surface can be seen. This

confusing terminology might be one of the reasons why people develop misconceptions about
particular aspects of astronomy.

Effect of teaching interventions

Many of the conceptual difficulties discussed in the mnewisection resist changee. they
continue to exist after teaching interventions. Appendix G(ii) illustratadies which report
interventions intended to help young children (e.g. Kikas, 2006; Trundle, Atwood & Christopher,
2007b), high school studen(e.g. Dove, 2002; Herman & Lewis, 2003), and university students
(e.g. Barab, Hay, Barnett & Keating, 2000; Hansen, Barnett, MaKinster & Keating, 2004a, 2004b)
gain better understanding of concepts associated with phases of the Moon.

The interventions sed different learning activities in addition to the usual talk and chalk method.
These learning activities included observation of the Moon, usage of physical models, and usage of
computer software. Moon observations required participants to obseriMotrefor at least one
complete cycle of lunar phases and record observations on a moon chart. These observations were
intended to help participants realise that the Moon changes shape in the course of a month as seen
from the Earth. Furthermore, the pose of moon observation was to enable participants to
determine the pattern of moon phases and the duration of a complete circle of these phases.

Unlike moon observations, models were used mainly to help participants understand the cause of
moon&s Phe pastieimnts used models to simulate the movement of the Moon around the
Earth, and to determine configurations the Edftton-Sunsystenresponsible for each of the eight
phases of the Moon seen from the Earth. Only one study used models ferentifiurpose (i.e.
Subramaniam and Padalkar, 2009). Subramaniam and Padalkar asked participants to imagine
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looking at physical objects while trying to understand the cause of Moon phases. Models were
given only to those participants who failed to crea@éntal images.

Computer simulations, on the other hand, were used to display shape of the Moon seen from the
Earth for a given configuration abmponents ofhe EarthMoon-Sunsystem(as was the case with
manipulation of models). In addition, the softeallowed participants to observe the pattern of

lunar phases and the duration of a complete circle of these phases. In general, the studies discussed
in Appendix G(ii) reported i mprovement in | earn
studes reported that some participants struggled to understand these concepts even after
interventions. These findings indicate that the concepts associated with theVMBarHsun

systemare difficult to understand (a point also noted by Rudmann, 2002 amdil€, Atwood &

Christopher, 2007a).

2.1.2 Possible causes of these difficulties

There are many possible causes of difficulties encountered when learning about moon phases.
These include lack of personal experience of phenomena associated with phasedaninthand
inability to imagine looking at spatial objects from different perspectives.

Lack of personal experience of concepts associated with moon phases

Several responses demonstrate that some people lack personal experience of concepts associated
with moon phases. For example, some people are not able to correctly reason about moonrise and
moonset the Moon generally rises in the east and sets in the west. Each day the Moon rises about
50-60 minutes later as compared to the previous.d@ganBekiroglu (2007) asked 36 piservice

teachers to answer questions about moonrise and moonset. Only 14% of the participants gave
scientifically acceptable answers. Six percent incorrectly said that the Moon rises in the west and
sets in the easB6%said that the Moon does not rise and set (suggesting thatibee not aware

thatthe Moon appears tase and seds seenfromEarthu e t o t h e whieathretrebt@gave s pi n)
other scientifically unacceptable explanations. These responses indicate thegjdhigy of the
participants had poor conceptual understanding of the rising and setting of the Moon. Some of the
participants giving these conceptions claimed to have seen the Moon in the skyBébgaglu

suspected that they had not paid full aitanto movement of the Moon in the sky.

More recently, Plummer and her associates conducted a series of studies investigating primary
school studenvésgdeandapher sdéd ideas about moti on
the Moon and the st& (Plummer 2009a, 2009b; Plummer & Krajcik, 2010; Plummer, Wasko &
Slagle 2011, Plummer, Zahm & Rice, 2010). The majority of their participants believed that the
Moon rises and sets in opposite sides of the horizon. However, some gave responsesguggesti
that (i) the Moon does not move, but is fixed in one location in the sky, (ii) the Moon does not rise

and set, but circles the sky, and (iii) the Moon rises and sets at the same location in the horizon.
Incorrect ideas about moonrise and moonset stighgasthe participants did not fully understand

facts associated witiheE a r sgindé s
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Another point illustrating that some people lack personal experience of astronomical phenomena is
apparent lack of awareness of shape of the Moon seen in the sky difiénent phases. Trundle

and her associates have conducted sevsemwcel stud
teachersé understanding of concepts associated
required participants to make daityoon observationgecording shape of the Moon observed each

day over a ninaveek period. In three of their studies, Trundle and her associates asked 50 pre
service teachers (Bell & Trundle, 2008), 21 Gradesttwitiree students (Hobson et al., 2010)] a

20 Grade 8 students (Trundle et al., 2010) to draw shapes of the Moon they expected to see before
making moon observations. Results show that 98% theguiéce teachers, 95% of the Grade 8
students, and all of the Grades twethree students drew kgast one shape incorrectly. Sixteen of

the preservice teachers had completed at least one course in astronomy. Fifteen of these
participants drew at least one nstientific shape. The number of nscientific shapes ranged

between 2 and 12. Thesssults show that some pservice teachers had poor conceptions about
phases of the Moon even after instruction.

In a separate study, Plummer (2009a) asked 60 primary school students whether the Moon in the
sky changes shape as seen from the Earth. asi{tesl the students to draw (or describe) the Moon.
Fifty three students drew atast two phases of the Moon correctly. Of the remaining seven
learners, two could not draw or describe the Moon at all while 5 made drawings that were all
inaccurate. Theseesults show that some students and-gamice teachers have inaccurate
conceptions about the changing shapes of the Moon.

Inability to mentally perform simultaneous rotations and revolutions

Another possible cause of these problems is that some resgergtruggle to mentally perform
simultaneous rotations and revolutions. For example, some people struggle to understand why only

one side of the Moon is visible from earthg Moon spins on its axis at the same rate as it orbits

the Earth due to a phemenon called tidal locking. As a result, earth viewers see only one side of

the Moon) OganBekiroglu (2007) asked 36 peervice teachers to explain whether earth viewers

see the same side of the Moon throug@ghote the I
participants gave the correct answer, saying that earth viewers see the same side of the Moon
because the Moon spins on its axis at the same rate as it orbits the Earth. Fifty six percent said that

we see the same side of the Moon, but coutdyh@ a correct explanation. Thirty six percent said

that we do not always see the same side of the Moon. When asked the same question, 46% of 98
secondary school students (Dove, 2002), 25% of 448 junior high school students (Trumper, 2001a),

20% of 3B senior high school students (Trumper, 2001b), and 20% of 76 university students
(Trumper, 2000) gave the correct response. In addition, 10% of 251 university students in Zelik,
Schau, and Mattends (1998) s t -tedd, wihileg48% gavettiee cor r
correct answer in the petwst. These responses show that several participants had poor
understanding of the rate of the Moonés rotatio
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Inability to imagine looking at spatial objectsfrom different perspectives

Anot her possi bl e

cause

of

these
phenomena from different perspectives. For example, some people struggle to imagine looking at

di f fi

cul ti

es

the Moon from different loc&ns on Earth (i each day, viewers from all parts of the Earth see the

same phase of the Moonpeveral researchers asked participants to state whether the Moon appears

to be in the same phase to viewers at different locations on earth in one padésularg. Full
Moon in Indiana and Australia (Schoon, 1992), Full Moon in New York and California (Rider,
2002), Full Moon in Turkey and America (Og&ekiroglu, 2007), Full Moon in USA and
Australia (Mulholland and Ginns), and First Quarter in Johanngsimu Australia (Mulholland &
Ginns, 2008). Table 2.2 illustrates results found by these researchers.

Table22Learnersé ideas about shape of the Moon
lit erature)
Authors Participants Moon phase and locations | Percentage of participants

on Earth

giving correct responses

1213 elementary, high

Full Moon in Indiana and

seen

Ginns (2008) in Australia

First Quarter in
Johannesburg and in
Australia

Schoon (1992) school and university . 53
. ; Australia
students in Indiana
. 32 midde school Full Moon in New York and
Rider (2002) students in New York | California 10
OganBekiroglu | 36 preservice teacherg Full Moon in Turkey and 39
(2007) in Turkey America
Full Mqon in USA and in 51 in pretest, 79 in postest
_ Australia
Mulholland & 72 preservice teachers

33 in pretest, 53 in postest

Most of the researchers asked participants about Full Moon, while only one study asked participants

about First Quarter (Mulhlaind & Ginns, 2008). The table shows that about half of the participants

Schoon

and

Mu |

hol

gave correct responses in

latter study). However, fewer participants gave correct responses in other studie¥e of 32
mi ddl e school students in

inOganBe ki rogl ubés study. These

responses

would appear to be the same for viewers aediffit locations on Earth. This, in turn, suggests that
the majority of participants struggled to imagine looking at the Moon from different locations on

Earth.
Anot her point illustrating this dif finecoliday,y i
and the Moonds |l ocation in the sky. Mo s t rese

this link focused on the Full Moon phase, requiring participants to determine time of day when Full
Moon rises (Zelik et al., 1998; Mulholland & Gig, 2008) and time of day when Full Moon sets
(Rider, 2002; OgaiBekiroglu, 2007). However, Mulholland and Ginns included questions about
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position of crescent moon at sunset and time of day at which Last Quarter sets. Table 2.3 illustrates
results obtaiad by these researchers.

Table23St udent s ideas about moon phase, the Moonbés | o
in literature)

Percentage of participants
who gave correct
responses

Moon phase,

Authors Participants location and time of day

251 university studenty Local time if Full Moon was

Zelik et al. (1998)) . . L
( ) in New Mexico rising in the east

54 in pretest, 75 in postest

Rider (2002) 32 mlddle. school Posfmonof Full Moon at 6
students in New York | sunrise

OganBekiroglu | 36 preservice teacherg Position of Full Moon at

. . 72
(2007) in Turkey sunrise

Where to see Waxing

8 in pretest, 24 in pettest
Crescent moon at sunset

Mulholland & 72 preservice teacherg Time at which Last Quarter

. . . 4 in pretest, 6 in postest
Ginns (2008) in Australia moon sets P P

Phase of the Moon that rise

13 in pretest, 25 in postest
at sunset

The table shows that 72% of pservice teachers (Ogdekiroglu, 2007) and 54% of university
studens (Zelik et al., 1998) gave correct answers for these questions (performance of the university
students increased to 75% after an intervention). However, only 6% of middle school students
(Rider, 2002) and 8%, 4% and 13% of sevice teachers (Mulhohd & Ginns, 2008) gave
correct answers for these questions. Performance of th&epriee teachers who participated in

Mul holl and and Ginnsd study improved only to
required the participants to make daily modservations for at least one complete circle of phases.
Poor performance after intervention suggests that the intervention was not effective in helping the
teachers to understand relationships between position of the Moon in the sky, time of day and
corresponding phase of the Moon.

N)Y

A further point illustrating this problem is pe
Moon. MartinezPena and GiQuilez (2001) asked 78 peervice teachers to explain a situation in

which an astronaut coukke the Moon in its Last Quarter phase when Earth viewers see Full Moon.

To get the correct answer, participants needed to determimmenlfiguration of components of the
EarthhMoon-Sunsystenresponsible for Full Moon seen from the Earth, and to deterenposition

in the sky from which the Moon would appear to be in its Last Quarter phase. Some participants

drew diagrams that correctly explained the situation (MartiPerza and GiQuilez did not report
frequencies). Some participants drew correéagihms but gave wrong explanations (suggesting

that the participants did not fully understand the situation). Others drew incorrect diagrams,
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suggesting that they struggled to visualize the situation explained in the question. In another study,
Rochford and Sass (1988) administered a multigheice test which had a question asking
participants to determine phase of the Earth seen by an astronaut on the Moon if the Moon appeared
to be crescerghaped as seen from the Earth (similar to Question 8 in Appé&nof this study).

Sixty seven percent of the participants obtained a correct answer for this question (Rochford and
Sass did not report the total number of participants). Results obtained in these two studies show
that some students struggle to inmegseeing the Earth from the Moon.

2.1.3 Spatial ability and astronomy education

Many researchers have realised that learners struggle to understand astronomy concepts because
these concepts require usage of spatial ability skills (e.g. Hans et al., 208&&)nHet al., 2010;
Mulholland & Ginns, 2008; Padalkar & Ramadas, 2011). These skills include manipulation of
objects in space (Bishop, 1978; Black, 2005; Rudmann, 2002) and perceiving objects from different
perspectives in space (Barab et al., 2000; €aili& Wright, 1993; Hansen et al., 2004b; Suzuki,

2003, Plummer et al., 2011). Despite the large number of researchers arguing for links between
spatial ability and understanding of astronomy concepts, few have conducted research investigating
these links Appendix G(iii) provides a summary of these studies. The following trends are
observable from the appendix:

1 Content covered in these studids wide range of concepts have been investigated in these
studies. These include concepts associated watlénthSunsystem(Kikas, 2006); the Earth
Moon-Sunsystemi ncl udi ng day and night, seasons, mo o
Wright, 1993; Rudmann, 2002); phases of the Moon (Wilhelm, 2009b); and Earth Sciences
concepts including the Eartfloon-Sunsystem map work and meteorology (Black, 2005).

1 Astronomy tests administered in these studi®deme researchers administered tests measuring

|l earnersd understanding of gener al astronomy
1993; Kikas, 2006; Rlmann, 2002). Others administered tests assessing specific skills needed

in astronomy education, e.g. rotation and revolution. For example, Wilhelm (2009b)
admini stered a Lunar Phase Concept l nventory
relevat to understanding phases of the Moon. On the other hand, Rudmann (2002)
admini stered an Astronomy Based Geometric Tes
of skills needed in astronomy, e.g. rotation and revolution.

1 Spatial ability tests adminisred in these studiesThe following spatial ability tests were
administered in the studies:

0 Callison and Wright (1993), Kikas (2006) and Rudmann (2002) administered tests
measuring Spatial Orientation (as defined in Section 2.2.1, p 26 of this thesis).

0 Black (2005) administered tests measuring three spatial ability skills: Spatial Perception,
Spatial Orientation, and Spatial Visualization.
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i Wilhelm (2009b) administered a Geometry Spatial Assessment (GSA). The GSA appeared
to consist of items obtainefdlom other spatial tests (but details are very sketchy in the
article).

71 Other tests administered in these studieGallison and Wright (1993) administered a test
measuring logical thinking. On the other hand, Kikas (2006) administered two tests; one
measuring contour extraction and the other measuring memory.

7 AimofthesestudiesTwo st udies investigated correlati on:
performance in astronomy tests (Black, 2005; Rudmann, 2002). Two other studies investigated
links between spatial ability and conceptual change as students learned about astronomy
concepts (Callison & Wright, 1993; Kikas, 2006). The fifth study investigated links between
gender differences and conceptual gains after an intervention targeting phasesMmon
(Wil hel m, 2009Db) . That i s, Wil hel mbs study
bet ween spatial ability and participantsdé und

Mixed results have been obtained about links between spatial ability afefstanding of
astronomy concepts. For example, Callison and Wright found no correlations between spatial

ability andpreser vi ce teachersd ability to understand
after an intervention. However, Kikas (2006) tduboth positive and negative correlations
bet ween spatial abil ity ansdciatadtwitd ther Easttd Kikasar ni n (

interviewed 176 Grade 1 children who had not formally learned about the Earth, and interviewed

the same children again Grade 2 after they had learned about the Earth. Her interview consisted

of two types of questions, factual questions and generative questions. Factual questions tested

| e ar faetualskdowledge of concepts associated with the Earth (this knowledgghimibe
obtained by recall). G e understarndingvok congapte associatatds t e s
with the Earth (the learners needed to deduce answers from various sources of information).
Generative questions produced two types of responsestificiEsponses and synthetic responses.
Synthetic responses are nstientific responses produced as learners attempt to reconcile their
preconceived ideas with knowledge taught in school. These responses indicate that learners
attempted but failed to astruct fully scientific responses.

Kikas found positive correlations between spat.i
questions, but found negative correlations bet
responses. Studentsithv low spatial ability scores developed more synthetic responses in the
second grade (but no information is given about understanding of learners with high spatial ability

skills in the second grade).

Other studies have reported only positive correlatlmtsveen spatial ability and understanding of
astronomy concepts. For example, Black (2005) found significant positive correlations between

spati al ability and | earnersd performance on E
(2002) found some rdianships between Cube Comparisons Test scores (measuring Spatial
Orientation) and | earnersdé ideas about the <ca
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acceptable ideas about the cause of seasons obtained high scores in the Cube Comparisons and

Geametry-Based Astronomy Tests, while other learners obtained low scores in these tests.

Furthermore, Rudmann (2002) found that Cube Comparisons Test scores were highest for learners
giving scientifically acceptable explanations about the cause of seagofse t i |t of t he

is fixed as the Earth orbits the Sun), intermediate for those giving the wiilbleilyplanation (the

tilt of the Earthodés axis changes to gHobite seasc

expl anat i o norbiatphtle is &al intshapes so that the Sun is closer to the Earth in
summer than in winter). In addition, scores obtained on the GecBasgd Astronomy Test were
highest for learners giving the scientifically acceptable explanation and low foeteajiving the

other two explanations. Rudmann concluded that spatial ability partially determined explanations
that learners found plausible.

Some links have been found between spatial ability and achievement levelseinscience
subjects, e.gNatumal Science (Piburn, 1980),Life Sciences(Rochford, 1985; Sanders, 2001),
Physics(Pallrand & Seeber, 1984) a@hemistry(e.g. Ferk, Vrtacnik and Blejec, 200Pribyl &

Bodner, 1987). Pribyl and Bodner found significant correlations between spatity abitl
performance ora chemistry test, especially when questions reqliigher order cognitive skills

rather than recall/memory. Furthermore, Pribyl and Bodner found that students with high spatial
ability skills were more likely to draw additionalrsttures when answering questions, and that
these structures enabled them to perform better than students with low spatial ability skills. In Ferk
et al . 6s study, st udent sutperformed théiri lgvhspatap ability a |
counterpad in a test measuring ability to perceive and mentally manipulate molecular structures.
In another study, Rochford (1985) administered spatial and anatomical tests to university medical
students. Performance of high and low spatility students wasl@aost the same on anatomy
guestions requiring no mental manipulation of objects in space. However, high-apéitial
students outperformed their low spatdilility counterparts on questions requiring mental
mani pul ati on of 0 b jseaesultsprovide fuskhgrdocr@ation suggestindndt or d 6

ab

spatial ability correlates with studentsd under

2.1.4 Summary

The above literature shows that many learners and teachers struggle to understand concepts

associated with phase$ the Moon, and further shows that many struggle to understand these
concepts even after interventions. Additionally, the literature shows that learners struggle to
mentally manipulateomponents ofthe EarthtMoon-Sunsystemin space (e.g. changing reface

frames to imagine viewing the Earth from the Moon) to understand concepts associated with phases

of the Moon. | used this literature to design a diagnasitt nvesti gating | earner
of the cause of t he Magohdhsrcqgieptsassaciated Witle phaseswfn d e r

the Moon, and their ability to mentally manipulate celestial objects in space (skills needed to
understand phases of the Moon). Furthermore, | used this literature to interpret and discuss findings
obtained fom the diagnostic test.
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The last section of this review shows that very little research has investigated links between spatial
ability and studentsdé understanding of astrono
extent our understanding of inkset ween spati al ability and stude
Moon. The study focused on diagrams illustrating phases of the Moon because the review of the
literature shows that very little research has investigated issues related to these didegpites,

abundance of these diagrams in school textbooks. Thus, the current study investigated issues
related to phases of the Moon, with particular focus on spatial ability and textbook diagrams. The

next section deals with constructs associated withisg@dpility and diagrams.

2.2 Theoretical framework

A theoretical framework is a set of theories a
research and interpretation of resultsodo (LeComj
enabler esearchers to ensure that iresearch desigr
soundly from theoryo (Caliendo & Kyle, 1996: 225

This chapter describes constructs which formed a theoretical framework for the study. Section
2.2.1 discusses the ot r u c t 6spati al abilityéo. I di scuss
diagrams illustrating the Earfloon-Sunsystenrequires people to mentally manipulate objects in

space. Section 2.2.2 discusses models. | included this section becausaythioaised on

diagrams illustrating a model of the EaNtoon-Sun system Section 2.2.3 deals with theories
associated with diagram design and interpretation.

2.2.1 Spatial Ability

Spatial abilitywas establishettom research involving mental tests. Mertegting started during

industrial revolution, the revolution which resulted in large populations in places like the United

States of America (Eliot, 1987). The increase in populations resulted in a need to train people for
different occupations (Eliot,9.8 7 ; Smith, 1964) . Ment al tests w
ability to cope with these occupationg.he original tests consisted of verbal material only, but
subsequent tests included nonverbal material to cater for people who were not fluegiisim &rd

those who could not read and wri@arroll, 1993; Eliot, 1987)

An English psychologist, Charles Spearman, investigated possible correlations between scores
obtained by people answering these téSexroll, 1993) He found moderate to high correlations
between the scores. He argued that if all the scores had correlations of 1.0, then all the tests would
be measuring one common factor, which he nagetral ability. The fact that these correlations

were less than 1.0 suggested to him that each test measured general ability and a factor specific to
each tes{Carroll, 1993; Eliot, 1987) Further research resulted in establisht# several factors
measured by these tests. One of these factors
scepticism as to whether the tests claimed to measure this construct really measured the construct.
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Several researchers undertookitivestigate mental processes and strategies employed by people
answering spatial ability tests.

In the following sections, | discuss three appr
Psychometric Approactvhich established existencé the construct, thénformation Processing
Approachwhich investigated mental processes undertaken by people answering spatial ability tests,

and theStrategic Approachwhich investigated strategies used by people answering these tests.

This discussion éips to show that the tests used in this study indeed measured the skills they were
designed to measure.

The Psychometric Approach

Thi s approach was mar ked by definition of t h o
components of this constryeind design of tests measuring each of the components.

Definition of O0spatial abilityo

Spatial ability was established as early as the 1930s and MR&de, 1979; Smith, 1964
However, researchers could not agree about the exact definition of theucobr&liot &
Hauptman, 1981; Eliot & Smith, 1983). Review of literature shows that toidaéstigators doing

research on O6spati al abilityd employ different
therefore, that | acknowledge the spacatn o f definitions existing ab
abilityé, and to explicate the definition (and

Table 2.4 lists some definitions of spatial abifiyt forward by different authors. Analysifthese

definitions indicates that spatial ability involves generation, storage and manipulation of mental
images. That is, people should be able to perceive objects and create mental images of the objects.
Mumaw and Pellegrino (1984) point out that ghe ment al i mages shoul ¢
representations of the objects. Having created mental images, people should be able to manipulate
these images in space. This manipulation includes rotation, twisting, and rearrangement of objects.
People should bebte to store the images while doing the mental manipulations. This storage
enables people to recall previous orientations and positions when undertaking a series of mental
transformations on the images.

Learners interpreting diagrams illustrating phadeb@® Moon need to (i) generate mental images of
information illustrated in the diagrams, (ii) mentally manipulate these images (e.g. rotating shapes),
and (iii) store these images in mind while doing mental manipulations. Out of the definitions

discussed n Tabl e 2. 4, Lohmandéds definition appears |
manipulation and retention of mental images. As a result, | adopt it as an appropriate definition of
spatial ability in this thesis. Thus the current study definpsa t i a | ability as dthe
retain, and mani pul ate abstract visual i mageso
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Table 2.4 Definitions of spatial ability found in literature

Source Definition
Burt (1949; cited byEliot& |[AThe abil ity to perceive, inter
Smith, 1983:5) rel atedo.
AHow individuals deal wiwhédtherinanege
Carroll (1993:304) two or three dimensions, or with hamdividuals orient themselves in
spaceo.

El Koussy (1935; cited by | .

McGee, 1979:890) AAbi Il ity to obtain and the faci
. . ABoth the ability to organi z diont
gy;)t & Hauptman (1981.60 of informationandas the ability to generate, retain, and manipulate visy
i mageso.
Linn & Petersen ASkil!l in representing, transf o
(1985:1482) nonlinguistic informationo.
Lohman (1979:188) iThe @abigleintey att e, retain, and ma
Mumaw & Pellearino AAbi Il ity to establish sufficien
) 9 of unfamiliar visual stimuli that can be subsequently transformed or
(1984:936) . L ; X
operatedonwita mi ni mall information | o
AFacility in holding a mental

Thurstone (1938; cited by

Eliot, 1987:45) rotating it to a different position and then matching this transformed i

with suggested solutiono.

TrumanKelly (1928;cited |[AAn abil ity involving the seein
by Smith, 1964:46) facility in the ment al mani pul a

Components of Spatial Ability

Researchers agree that spatial ability consist®veral components (e.g. Ekstrom, French, Harman

& Dermen, 1976; Eliot 1987; McGee, 1979). However, there is no agreement about the names and
number of these components. It is advisable that | discuss components of spatial ability (and their
names) agonceptualised in this study. This would help readers to know what each term means
(different researchers use different terms to refer to different components).

Appendix G(iv) shows that spatial ability can be classified into three components assetiated
perception of objects, manipulation of objects, and manipulation of components of objects.
Accurate interpretation of diagrams illustrating phases of the Moon requires viewers to (i) pay
attention to each of the shapes representing the Moon ast# thi Earth, (ii) to imagine looking

at the EartiMoon-Sun system from the Earth and from space, and (iii) to imagine the Moon
changing position relative to the Earth and the SuBased on these requirements and on
information presented in Appendix G)jvl adopt the following names and definitions for
components of spatial ability:

1 Spatial Perception A An ability to perceive spati al patt

each othero (French, 1951; c i t etthe abifty tdBdldaot &
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given visual € configuration in mind so as to

material o (Ekstrom et al ., 1976:19).
1 Spatial Orientation AGBi | ity to rotate a two or three di m
(Linn & Petersen, 1985:1483) , fand the ability

anot her perspectivedo (Lohman, 1979:188) .

1 Spatial Visualization Th& mental ability to see or observe the spatial relationship of objects
involved in dynamic situaton8 ( when the) objects involved <ch
relative to one anotherodo (Barratt, 1953:21) .

Tests measuring spatial ability

Several tests have been developed to measure spatial ability (see Eliot, 1980). | selected six spatial
ability tests from theKit of Factor Referenced Cognitive Tedesveloped by Ekstrom et al. (1976)

at the Education Testing Service (ETS) in Princeton (see Table 2.5 on pagagpéndix G(v)
discusses demands of each test, and further discusses similaritiesfenehads between these
demands and skills required to understand phases of the Mbuaterstanding phases of the Moon
requires people to perform a series of mental processes, i.e. to imagine the Earth turning on its axis
so that all earth viewers seeetMoon in one particular day, and to imagine the Moon orbiting the
Earth so that the Moon goes through different phases in the course of a lunar circle. Understanding
moon phaseBom diagramsequires diagram viewers to consider the Moon in each positmmd

the Earth (and temporarily ignore the Moon in other positions which might serve as distracting
background), to understand why the Moon goes through each phase in the course of a lunar cycle.

The following discussion shows that the six spatiallitgbiests measured skills needed to
understand phases of the Moon. The Hidden Pat
detach a figure from a distracting background, analogous to perceiving the Moon in one position

while temporarily ignoringthe Moon in other positions. The Card Rotations and Cube
Comparisons Tests measure | earnerds ability to
spinning the Earth on its axis, and mentally orbiting the Moon around the Earth. The Form Board,
PapeFol di ng and Surface Devel opment Tests measur
processes on objects, analogous to rotating the Earth on its axis while orbiting the Moon around the
Earth, and perceiving the Moon in each position around thé.Eart

However, there exist differences between skills measured by the spatial ability tests and skills
needed to understand phases of the Moon. The Hidden Patterns, Card Rotations, and Form Board
Tests measure manipulation of tdonensional shapes, contyato Moon phase diagrams which
require manipulation of spherical objects. Furthermore, these tests measure manipulation of objects
in two-dimensional space (e.g. plane of the paper), while understanding moon phases requires
manipulation of objects in theedimensional space. The Cube Comparisons, Paper Folding and
Surface Development Tests on the other hand, measure manipulation afitheesional objects

in threedimensional space. However, these tests use-thimensional shapes other than spheres
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needed to understand phases of the Moon. Despite these differences, | used these tests because they
appeared to be suitable for measuring spatial ability skills needed to understand phases of the Moon.

These spatial ability skills require students tofqan functions at théormal operational level of

Piaget (1964). People who have reached this level are capable of abstract conceptual thinking.
According to Piaget, 12 year olds should be fully at the foopatational level. However, people

who replcae Pi aget 6 s e x p e sdnmadultsde nosrdasom at théoremal operation

level (see for example Tomlinséhe as ey , 1972). Thus, Piaget 0s
which children are able to cope with abstract reasoning are somewhat rpiastio

The current study focused on content knowledge prescribed for learners in Grades 4 to 9 of the
South African school system (approximately 9 to 14 years of age). According to Piagetian levels of
development, 941 year olds are likelyto struggle undrtaking mental processes required to
understand the EarWoon-Sunsystem while the 1214 year olds should undertake these mental
processes with ease.

Each of the six tests has two parts, both parts measuring the same construct. Table 2.5 illustrates
the number of items and the total score in each test.

Table 2.5 Total scores obtainable in each of the six spatial ability tests administered in this study

Number of items in each | Total number of Maximum score for
Test . . Total score
part Items each item
Hidden Patterns Tes 20 40 10 400
Card Rotations Test 10 20 8 160
Cube Comparisons 21 42 1 42
Test
Form Board Test 24 48 5 240
Paper Folding Test 10 20 1 20
Surface
Development Test 6 12 5 60

When stugling spatial ability, some researchers administer one part while others administer both
parts of each test. The following discussion deals with literature reporting to have used the 1976
ETS kit from which | selected the test. | have used this literathe:n discussing results obtained

in the current study.

Review of literature shows that many researchers use tests developed by the Education Testing
Service. However, some use a kit designed in 1963 while others use a modified version of this Kit,
pulished in 1976 (the same kit used in the current study). Below I discuss findings from research
that administered the 1976 kit. | use these findings when discussing results obtained in the current
study. Appendix G(vi)llustrates results obtained bysearchers who reported to have administered

one part of each test, and results obtained by researchers who appear to have administered both
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parts of each test. The following discussion explains why | consider the latter group of researchers
to have admirgtered both parts of each test.

1 Researchers in seven studies reported to have administered both parts of each test (Abdel
Rahim, Nagoshi & Vandenbergl990; Allen,Kirasic, Dobson, Long & Beck1996; Geary,
Salthouse, Chen & Fan, 1996; Geary & Widaman,7198yake, Friedman, Rettinger, Shah &
Hegarty, 2001; Smalley, Thompson, Spence, Judd & Sparkes, 1989; Wickett, Vernon & Lee,
2000).

1 Three studies did not report whether one or both parts were administered. However, the
following facts indicate that thesearchers administered both parts of each test:

u Peters, Laeng, Latham, Jackson, Zaiyouna and Richardson (1995) reported mean scores
higher than the total score obtainable in one part of each test.

u Barnea and Dori (1999) reported a mean score higlaer ttie total score obtainable from
one part of this test (on the Card Rotations Test after an intervention).

i Kozhevnikov and Hegarty (2001) reported maximum scores (when calculating range)
higher than total scores obtainable in one part of the tests.

Studies discussed in Appendix G(vi) indicate mean scores obtained by people who answered each
test. | converted these mean scores to percentages for ease of comparison of performance in each
test. The following patterns are observed from the appendix.

Hidden Patterns Test (CR): Burton and Fogarty (2003) reported a mean score of 23% while
Miyake et al. (2001) reported a mean score of 27%. On the contrary, Smalley et al. (1989) reported
a mean score of 43% while Wickett et al. (2000) reported a meanafc®d&. Thus, learners in

the latter two studies scored twice as high as learners in the previous two studies. There appears to
be no link between age levels of participants and mean scores reported in this test.

These results suggest that some pgditts (who obtained low mean scores) encountered more
difficulty in mentally detaching a figure from a complex configuration while others (who obtained
higher mean scores) were fairly able to mentally detach a figure from a complex configuration.

Card Rotations Test (S1): AbdelRahim et al. (1990) reported a mean score in the 20s while Geary

et al. (1996) reported a mean score in the 30s for older adults. Barnea and Dori (1999) and Miyake
et al. (2001) reported mean scores in the 40s. However, Bante®ori reported an improved

mean score (in the 50s) after some intervention. Three studies (Geary et al., 1996 [for younger
Chinese adults]; Sanders, 2004 and Smalley et al.,, 1989) reported mean scores in the 50s.
However, Sanders reported improved megores (in 50s and 60s) after an intervention. Five
studies (Burton & Fogarty, 2003; Geary & Widaman, 1987; Kozhevnikov & Hegarty, 2001; Mayer

& Massa, 2003 [for female undergraduate students] and Peters et al., 1995) reported mean scores in
the 60s.

These results show that high school students tended to obtain lower mean scores in this test, i.e.
24% in AbdelRahi m et al .6s study, 48% in Barnea and
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to 54% after an intervent ithough this ssoredmpoveddo 64% Sand
after intervention for the experimental group, but decreased to 54% after intervention for the
comparison group). A sample consisting of young and old people (12 years and older in Smalley et

al . 6s st udy ymediaetmean scerd of 8580. Umdergraduates and adults obtained high
mean scores (in the 60s and 70s), except those
obtained a mean score of 49%. On the other hand, older adults who participated ym Geat al . 0
(1996) study obtained the lowest mean scores, i.e. 38% and 36% for USA and Chinese participants

respectively.

These results suggest that adults and university students were better able to cope with demands of
this test, than high school sterits and older adults. This in turn suggests that adults and university
students were better able to mentally rotate-divoensional objects on plane of the paper, than

high school students and older adults.

Cube Comparisons Test {8): Appendix G(vi) indcates that older adults obtained the lowest mean

scores, i.e. 10% and 12% (Geary et al.,, 1996). On the other hand, high school students who
participated in Sanders (2004) and Barnea and
20s, while high dwool students in AbdeRa hi m et al . 6s (1990) study ob
score (38% and 40% boys and girls respectively). A sample consisting of young and old people
obtained a mean score of 36% (Smalley et al., 1989). The tables further shawivieasity

students and adults obtained higher mean scores, i.e. in the 30s (Allen et al., 1996 [South Carolinian
participants]; Geary et al., 1996 [younger Chinese adults]), in the 40s (Geary et al., 1996 [younger
American adults]; Geary & Widaman, 198%zhevnikov & Hegarty, 2001; Kozhevnikov, Hegarty

& Mayer, 2002) and in the 50s (Allen et al., 1996 [Georgian participants]; Burton & Fogarty, 2003).

These results show that young adults and university students were better able to cope with demands
of the Cube Comparisons Test, than high school students and older adults. Furthermore, the results
show that participants obtained lower scores in this test (with the highest mean score in the 50s)
than in the Card Rotations Test (with the highest mean sdoréke 60s and 70s). Low
performance in this test suggests that the participants encountered more difficulties when
undertaking mental rotations involving thrdenensional objects, than when rotating iwo
dimensional objects.

Form Board Test (VZ1): Egyptian high school students who participated in AlRel hi m et al
(1990) study obtained mean scores of 26% and 30% (males and females respectively). On the other
hand, South African high school studenmsan who pa
scores of 42% and 38% in experimental and comparison groups respectively (Appendix G(vi)
shows that these participants obtained better scores after an intervention). Adults and university
students who participated Y abtairgédia meamscoaenoi4d3%.ogar t
However, Kozhevnikov et al. (2002) reported a lower mean score (9%). There is no clear pattern in
these results, about performance of high school and university students.

This discussion shows that no study in the litmmatreviewed reported a mean score of 50% and
above. This suggests that participants in these studies struggled to meet demands of this test. That
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is, the participants encountered difficulties in performing a series of mental operations-on two
dimension&objects on the plane of the paper, a skill measured by this test.

Paper Folding Test (V2): Like the previous tests, adults and university students performed better

than high school students on this test. Israeli high school students who partisipBsedea and
Dorids (1999) study obtained a mean score of 2
score in a postest). On the other hand, Egyptian high school students who participated in Abdel
Rahim et al . 6s (199 009res oft36% wnd 886t (mnalas eadd famalesn sc
respectively). South African high school st u.
obtained a mean score of 40% (these learners obtained a better score after an intervention).

Adults and university studentsbtained better mean scores in this test: 50% (Burton & Fogarty,
2003, and female participants in Mayer and Massa, 2003), 55% (Miyake et al., 2001; Peters et al.,
1995), 60% (Kozhevnikov & Hegarty, 2001; Kozhevnikov et al., 2002; Wickett et al., 2000) and
70% (males participants in Mayer & Massa, 2003).

These results show that university students were better able to perform a series of mental operations
in space.

Surface Development Test (V3): Egyptian high school students who participated in Aligtim

et al.dé6s (1990) study obtained the | owest mean
femal es respectively. South African high scho
study obtained better scores, i.e. 40% and 43% in expeah®rd comparison groups respectively

(the experimental group obtained a better mean score after an intervention). Australian adults and
university students who participated in Burton
50% in this test.On the other hand, Georgian university students obtained a mean score of 67%

while South Carolinian university students obtained a mean score of 48% (Allen et al., 1996).
These results suggest that adults and university students were better able tty mamiglulate
threedimensional images in space.

It has to be noted that several researchers have conducted interventions with the aim of improving

|l earnersd spatial ability skills (e.g. Braukmai
exerciss included (i) usage of twdimensional representations, e.g. asking participants to imagine

what a twedimensional structure would look like after rotation or when viewed from different
perspectives, and then showing them a step by step proceduretitigstngs rotation; (ii) usage of
threedimensional objects, e.g. asking participants to imagine whatdimensional objects would

look like after rotation, and then asking them to rotate the objects or to move around the objects to

see how they would ppear from different perspectives; (iii) usage of computer simulations
illustrating rotating objects or viewing them from different perspectives. Although contrasting
results have been found, t here i s epatiadabilityce t hat
skills.
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Summary The results discussed above show that school and university students and adults
struggle to mentally manipulate objects in space. The results further show that the participants
encountered more problems when manipulatimgedimensional objects in space.

Critique of the psychometric approach

The psychometric approach assumes that all participants responding to a spatial ability test
undertake the same mental process presumed from requirements of each test. ffétaredi in
performance of each test imply difference in mastery of the presumed skill. That is, ability to
mentally detach a figure from background is assumed to determine performance on tests measuring
Spatial Perception, ability to rotate a figureassumed to determine performance in tests measuring
Spatial Orientation, while ability to undertake presumed mental transformations (prescribed for
each test) is assumed to determine performance in tests measuring Spatial Visualization. Critiques
argue that this line of thinking pays no attention to cognitive processes undertaken by participants
when answering the tests (e.g. Burin, Delgado & Prieto, 2000; Pellegrino, Alderton & Shute, 1984).

The Information Processing Approach

Having realized weakness of The Psychometric Approachresearchers investigated mental
processes undertaken by people answering spatial ability tests. A lot of this research focused on
mental rotation (Mumaw & Pellegrino, 1984 and Pellegrino & Kail, 1982 noted this pointa As
result, the next discussion focuses mainly on mental rotation.

Responselime Method

Shepard and Metzler (1971) conducted the first study investigating mental processes undertaken by
people answering mental rotation tests. Others such as Coope), (Cotper and Podgorny
(1976), Just and Carpenter (1976), and Kail, Pellegrino and Carter (1980) conducted further
research in this field. All these researchers used pairs of stimuli arranged so that there was some
angular disparity between orientatiorfglee stimuli. As an example, Figure 2.1 shows two pairs of
stimuli with angular disparities of @nd 186.

s \\\\ / \\ —.
\ / \ S\ ) N\
\ / \ // I \ k*’_‘ \\‘ /

(@) (b)

Figure 2.1 Stimuli with angular disparities of (a)  and (b) 18C (Just & Carpenter, 1976:443)
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The stimuli could be identical or different (the latter being mirror images or perturbed).

1 Identical stimuli These stimuli were similar is shape and form, andetbee could be rotated
into each other (see an example in Figure 2.2).

Figure 2.2 Example of identical stimuli (Shepard & Cooper, 1982:52)

1 Mirror -image stimuti The stimuli vere identical in shape and form, but could not be rotated into
each other because one was a mirror image of the other (see an example in Figure 2.3).

ol

Figure 2.3 Example of mirror-image stimuli (Shepard & Cooper, 1982:313)

1 Perturbed stimuli These stimuli had some physical differences, and therefore could not be
rotated into each other (see an example in Figure 2.4).

{ h r': i
| [y
. e 4 e o
Figure 2.4 Examples of perturbed stimuli (after Shepard & Cooper, 1982:146)

The researchers asked participants to judge whether each pair consisted of identical or different
stimuli. The researchers measured time taken to make the comparison (hencefodti tefas
response time), and plotted this time against angular disparity between stimuli. Figure 2.5
illustrates a typical graph obtained by these researchers.
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Figure 2.5 Typical graph obtained when plotting response time against angular disparity

The graph shows that response time increased linearly with angular disparity between stimuli. This
suggests that participants took shorter time to compare stimuli with smalldaadgparity, and

longer time to compare stimuli with larger angular disparity. Researchers used these results to
conclude that participants compared stimuli by mentally rotating one shape into the other.

Some researchers realized that this respoimse measured time needed to undertake several
processes, e.g. to encode the stimuli, to perform mental rotations, and to compare the stimuli (e.g.
Cooper & Shepard, 1973). These researchers devised experiments to measure separate response
times for encodig, mental rotation and comparison. They found that time required for each of the
three processes increased with angular disparity between the stimuli. However, the largest increase
was observed on the mental rotation component (e.g. Shepard & Kluhbgiteooper & Shepard,

1973). Researchers considered this as evidence that participants mentally rotated images when
solving these tasks.

EyeFixation Method

Just and Carpenter (1976) used eye fixation method to investigate mental processes urertaken
people answering spatial ability tests. Participants were fitted witmeyement tracking devices

which allowed the researchers to determine the amount of time spent looking at each component of

the stimuli. Just and Carpenter used patterns of eyements to conclude that the participants

searched for components of stimuli that could be rotated to each other, mentally rotated one of the
stimuli, and then compared the stimuli. Thus, Just and Carpenter provided another piece of
evidence suggestinchdt people mentally rotate stimuli when solving a mental rotation task.
Further more, Just and Carpenter 6s study provi
undertake three processes when solving a spatial task: encoding (searching), mentahatosfo

and comparison.

Critique of the information processing approach

Researchers working in the information processing approach acknowledge that individual
differences in spatial ability could result from efficiency (or lack thereof) in undertakingf the
three mental processes (i.e. encoding, transformation and comparison). Egan (1979) proposes that
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sources of encoding difficulty could be different from sources of transformation (e.g. mental
rotation) difficulty, which could be different fronoarces of comparison difficulty. He argues that

any of the three processes could affect performance in the spatial tests. Mumaw, Pellegrino, Kail
and Carter (1984), who measured time needed to compare pairs of stimuli, concluded that (i) speed
in performance of the three processes resulted in superior performance on a test, (ii) weakness in
one of the three processes resulted in intermediate performance, while (iii) weakness in two or all
three processes resulted in poor performance.

The information proessing approach assumes that people answering spatial ability tests undertake
the three mental processes in the same order. This approach fails to acknowledge that participants
might employ different strategies when answering a spatial ability test.n&tidine of research
focused on mental strategies employed when answering these tests.

The Strategic Approach

A lot of research investigating strategies focused on mental rotation (Burin et al., 2000 noted this
fact). As a result, the following disssion focuses mainly on mental rotation, but draws from other
spatial tasks whenever information is available.

Types of strategies used

Literature reports three types of strategies used by people answering mental rotation tests: object
rotation, frane rotation, and analytic strategies.

71 Obiject rotation Literature reports two types of object rotation: holistic rotation which involves
mental rotation of complete figures (as prescribed in manuals of tests), and partial rotation
which involves mental ration of components of figures.

1 Frame rotation People imagine changing reference frames relative to a figure, rather than
mentally rotating the figure. That is, people imagine looking at a figure from different
perspectives, rather than mentally ratgtthe figure as prescribed in manuals of tests.

1 Analytic strategies People do not undertake mental rotation, but rather usespuiral
strategies, e.g. looking at features of a figure such as relative position of lines and angles.

Appendix G(vii) illustrates studies which investigated strategies used to solve mental rotation tasks.
The appendix shows that researchers analyzed three types of data when investigating processes
undertaken to solve mental rotation tasks:

1 Responsé¢ime data Researchers @asured time needed to compare stimuli (as discussed in
Section 2.2.1, p 31).
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1 Eyefixation data Participants were fitted with eymovement tracking devices. These devices
allowed researchers to determine the pattern in which participants looked abegmiment of
the stimuli (as discussed in page 33)

1 Introspective reports Participants were asked to describe strategies they used when answering
mental rotation tests.

The appendix further shows that object rotation and analytic strategies weredrifem analysis
of all types of data, while frame rotation was inferred from response time and introspective reports.

Differences in Strategies Used

The following discussion focuses mainly on mental rotation because a lot of research on mental
straegies used tasks involving mental rotation. However, | draw evidence from other spatial tasks
whenever possible.

Mental rotation. Twenty four of the 25 papers illustrated in Appendix G(vii) reported object
rotation. Eighteen of these papers reportelistic rotation, eight reported partial rotation, while
three reported rotation without specifying whether it was object or partial rotation. In addition to
object rotation, five papers reported frame rotation. Four of these papers used réspoasthe

data source while one used introspective reports as the source of data.

Finally, Appendix G(vii) shows that seven papers reported the use of analytic strategies to solve the
mental rotation task.

Some papers reported more than one strategy.eRifeported object rotation only while one paper
reported frames rotation only. Nine papers reported more than one strategy each: two reported
object and frame rotations, five reported object rotation and analytic strategies, while two papers
reported alkhe three strategies. Thus more than one strategy is inferred from the same participants
(implying that the participants use more than one strategy when solving these tasks).

Other spatial tasksPeople use different strategies when answering othdakaphility tests. For
example, Burin et al. (2000) administered a F&oard type of a test to 152 participants, and asked

the participants to report strategies they used when answering the test. Burin et al. considered
responses given by 32% of the fiEpants as holistic and considered responses given by the
remaining 68% as analytic. In another study, Snow (1978, 1980) administered a paper folding test
to participants, and measured eye movements as the participants answered the test. In addition, h
asked the participants to report strategies they used when answering the test. His results indicated
that high spatiahbility participants tended to mentally fold the paper, punch holes, and unfold the
paper before scanning response alternatives.h®ndntrary, low spatiability participants tended

to look back and forth at the folding process and response alternatives, usually eliminating
alternatives before responding.
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In yet another study, Schultz (1991) administered several spatial testpanti8ipants, asking the
participants to describe strategies they used to answer the tests. Table 2.6 illustrates strategies
reported for three tests: Hidden Patterns Test, Card Rotations TestCaRwbtations Test (a form

of Cube Comparisons Test).

Table 2.6 Strategies used to solve spatial tasks (Schultz, 1991)

Number of participants (in %) using each strategy
Tests Move object Move self Analytic
Hidden Patterns Test 22 28 50
Card Rotations Test 65 0 35
3-D Rotations Test 59 0 41

The table shows that the participants reported using three strategies when answering the Hidden
Patterns Test (move object, move self and analytic strategies). The table further shows that the
participants reported usimmnly two strategies when answering mental rotation tests (move object
and analytic strategies). It appears that the participants used different strategies when answering
Card Rotations and-B Rotations tests. Schultz (1991) argues that a test meashaied wurports

to measure only to participants who employ a prescribed strategy.

Strategy Change

Research shows that people change strategies when answering spatial ability tests. For example,
Lohman and Kyllonen (1983) and Kyllonen, Lohman and Wdl@84b) administered a Form

Board type of a test to participants, and measured time taken by the participants to encode stimuli,
perform mental transformations, and compare the stimuli. Their results indicated that the
participants used both holistic andrpial approaches in each of the three mental processes. The
results further indicated that the participants changed from one strategy to another in each of these
processes, depending on demands of the test. Lohman and Kyllonen (1983) suspected that the
participants learned more effective strategies while responding to the tasks.

In another study, Kyllonen, Lohman and Snow (1984a) administered a Paper Folding Test to 58
high school students and investigated strategies used by the students when ansevézstg $All
participants reported changing strategies while answering the test. The participants reported using
analytic strategies to find answers for simpler items, saying that there was no need to imagine the
folding, punching and unfolding processgben dealing with these items. The participants said

that it became necessary to imagine the folding, punching and unfolding processes as items became
difficult. Kyllonen et al. (1984a) concluded that item characteristics and experience in the task
influenced strategies used to complete the tasks.

In yet another study, Schultz (1991) administered several spatial ability tests to 24 participants at
two different sittings (10 weeks apart). The participants answered a randomly selected half of items
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from each test in the first sitting, and answered the remaining half in the second sitting. The
participants completed a Solution Strategy Questionnaire after each sitting. This questionnaire
asked the participants to indicate the strategies they used wbkesring test items. Table 2.7
illustrates the number of participants who reported to have used one strategy across sittings in each
test.

Table 2.7 Number of participants who used the same strategy acrosgtings (Schultz, 1991)

Psychometric Test Most popular strategy (across sittings) % of participants endorsing the strategy

3-D Rotation Test Move object 63%

Card Rotations Test| Move object 67%

The table shows that 63% of the participants reportédve moved the object when answering the

3-D Test (a Cube Comparisons Test) while 67% reported to have used this strategy when answering
the Card Rotations Test. These figures suggest that 37% and 33% of the participants changed
strategies when answeritlge 3D and Card Rotations tests respectively.

Table 2.8 illustrates the extent to which the participants changed strategies when answering two
other tasks: the DAT (a form of Surface Development Test) and the Form Board Test.

Table 2.8 Number of participants who changed strategies (Schultz, 1991)

Psychometric test % of participants who changed strategy Strategy change
From To

. 50% Holistic Partial

Space Relations : .
(DAT) 37.5% Partial Holistic

12.5% Partial Guessing

60% Holistic Partial

Form Board 40% Partial Holistic

The table shows that the participants generally changed from using a holistic strategy to using
partial strategies and vice versa. However, 12.5% of the participants changedsing partial
strategies to guessing responses when answering the DAT test.

In another study, Barratt (1953) administered a battery of spatial ability tests to 84 participants, and
asked the participants to describe how they answered items in the fEslde 2.9 illustrates
responses he obtained from a DAT test. The table shows that in many instances, the participants
folded and/or unfolded a shape to determine the answer. It appears that few participants used
analytic strategies on simpler itemsit lmore used these strategies as items increased in difficulty.
Overall, the table shows that different participants used different strategies, and further shows that
the participants changed strategies within one test.
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Table 2.9 Strategies used when answering the DAT test (Barratt, 1953)

Number of participants

Strategy
Simpler items Difficult items

Participants who spontaneously folded the pattern to note

relationship of parts. 57 12

Participants Wo looked first at response figures (solid objects
and then looked at the patteMany reported unfolding one of 17 20
the response figures to see if it was the same as the pattern.

Participants who did not fold or unfold stimulus pattern or

response {jures at all, but looked for other cuggh as angle 7 44
intersection
Participants who could not work the problems, and hence gug 1 8

Implication of spatial scores in this study

The preceding discussion helps readers to understand controwensimending interpretation of

scores obtained from spatial ability tests. Designers of tests advise respondents to undertake
specific mental processes when answering the tests. Howevelnftrenation Processing
Approachindicates that some respondentslertake several processes when answering the tests,
while theStrategies Approackhows that some respondents use different strategies when answering
the tests, and sometimes change strategies in the course of a given test. Research on mental
strategiesaises questions about validity of interpretations of spatial ability test scores.

1 If participants use strategies not prescribed in instructions of a test, then the test does not
measure what it purports to measure.

1 If participants change strategiesthe course of a test, then the test does not measure one skill
for such individuals.

1 If different participants use different strategies when answering one test, then the test measures
different skills on different individuals.

Lohman and Kyllonen (1983argue that interpreting test scores presumes knowledge of how
participants answered the test. They further argue that strategy change makes it difficult to know
whether a test measured one skill in each participant, and whether the test measured #kdlsam
across the participants. Accordingly, one can know what a test measured only by knowing how
participants solved items in the test.

The foregoing discussion brings to light a possibility that for some learners who participated in the
current studythe six spatial ability tests might have measured skills not intended by designers of
the tests, and might have measured different skills on different individuals. When discussing results
obtained in each test, acknowledge that some participants naightused processes and strategies
different to those recommended by designers of the tests.
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It has to be borne in mind that performance i n
ability to cope with tasks requiring mental manipulation bjeots in space, but little information

about | earnersd6 overall academic ability. Ov
together with other abilitiesEkstrom and her associates (1976) argue that overall academic ability
depends on factorsuch asspatial ability (discussed in depth in this chaptea¥sociative fluency

defined as O0the ability to produce rapidly woro
semantic propertyd (ofdalsreasoningdefmed adst he 2067 6i 4%) to
from premise to conclusion, or to evagdnaraht e t he
reasoning defined as O6the ability to select and or
probl em6 nfemdryispanlef 3 Bed as 6t he ability to recall
i mmedi ate reproductiond (Il bid:101), and many ot

The complex relationship between spatial ability and overall academic achievement is demonstrated
by performance of one of thedrners interviewed in the current study (psenamed Motena).

She obtained very low scores in the six spatial ability tests and consequently struggled to interpret
aspects of diagrams requiring usage of spatial ability skills. However, she happéeedni® of

the high academic achievers in the school (she had a badge indicating this). It appears that she was
capable in other skills (than spatial ability) needed for scholastic success. The fact that only spatial
ability was measured in the currentidg means that results cannot allow me to comment about
learners overall academic ability.

Summary

| have discussed three approaches used when studying spatial ability: @syhbometric
Approachwhich enabled researchers to define spatial abitityiess components, and to design tests
measuring each of these components, (ii)ltfiermation Processing\pproachwhich investigated
mental processes undertaken by people answering spatial ability tests, and (Hijrategic
Approachwhich investigatd mental strategies used by people answering spatial ability tests.

The discussion shows that people carry out several processes when answering spatial ability tests.
Furthermore, the discussion shows that some people change strategies when answeritg, the

often using strategies not prescribed in manuals of test (suggesting that a test can measure several
skills on one individual). In addition, the discussion shows that sometimes people use different
strategies when answering spatial ability testgygesting that a test can measure different skills
across individuals).

It is difficult to investigate strategies used on each item so as to enable evaluation of strategies used
across items, and evaluation of strategies used across participant@a(gspben several tests are
administered to a large sample of participants). Without knowledge of strategies used by the
learners, it becomes difficult to know the number of learners for whom tests measure skills intended
by test designers. | acknowlaesighis fact when interpreting and using spatial ability scores in
Chapters 5, 7 and 8.
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2.2.2 Models and modelling

This chapter has a brief discussion of models because diagrams analyzed in the study illustrate a
model of the EarttMoon-Sunsystem

Definition of a model

A model is a representation of an object, phenomenon, idea, event, process, or system (Gilbert &
Priest, 1997; Gobert & Buckley, 2000; Tregidgo & Ratcliffe, 2000). Models enable aspects of
objects or phenomena to be visible or accessibtawford & Cornell, 2004; Gilbert & Boulter,

1998; Gobert & Buckley, 2000). For example, models are constructed when an object or
phenomenon under study is too small or too large to be accurately perceived, too fast to be studied
accurately, too distant space & time, or too complex to be studied in detail.

Types of models

The following definitions show relationships between mental models and analogical models used in
school (e.g. in the form of physical models or diagrams).

1 Mental model A mental moe | i s fian internal representation
sequence of events or processes, of how the world is, and of physiological and everyday social
actionsodo (Gilbert & Priest, 1997:751) .els Justi
cannot be accessed directly, but can only b
communi cati on: gestur e, speech and writingo.
mental models can be inferred from analysis of reasoning provided lsatines.

1 Expressed model An expressed model is an fAexternal I
€ expressed through action, speech, written d
& Buckley, 2000:892). Thus, a mental model can be esg®d using physical objects, oral
descriptions, mathematical conventions or diagrams (Gilbert, Boulter & Rutherf98a).

1 Consensusmodel A consensus model i s an fAexpressed m
by the academic community associavedd t h a gi ven subjecto (Gilber
has gained social acceptance among members of that community (Coll, France &ZG8or,

Gilbertet al, 1998a; Gobert & Buckley, 2000; Justi & Gilbert 2000).

1 Analogical model This is a simplifiedor exaggerated representation of a consensus model
(Coll et al.,2005; Harrison & Treagust, 2000). There exist similarities and differences between
consensus and analogical models (caused by simplification and/or exaggeration).

Theorists in the field fomodelling argue that learning can be enhanced if learners map only
similarities between consensus and analogical models (e.g. Gilbert et al., 1998b; Hardwicke, 1995).
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These theorists further argue that learning can be distracted if learners condutgicanaodels

as exact replicas of consensus models, and therefore map all aspects of analogical and consensus
models. Gilbert et al. (1988b) propose that similarities and differences between consensus and
analogical models be spelled out in order toagtle effectiveness of analogical models.

The Earth-Moon-Sun systemmodel

This thesis considers the Eafttoon-Sun systemconceptualized by scientists ascansensus

model agreed upon by members of the scientific community. On the other hand, tie thes
considers diagrams illustrating tligstemasanalogical modelsintended to illustrate theystemas
conceptualized by scientists. There exist similarities and differences between diagrams and the
EarthMoon-Sun systemconceptualized by scientists. hd theory of models (discussed above)
proposes that such differences be spelled out to enhance effectiveness of the diagrams. | have taken
these issues into consideration when discussing results obtained in this study.

2.2.3 Diagram Design and Interpretation

Several scholars have conducted research involving diagrams. Most of this research investigated
ways of using diagrams to help learners understand textual information (e.g. Hannus & Hyona,
1999; Mathai & Ramadas, 2009; Winn & Solomon, 1993), impact okdraund knowledge on
interpretation of diagrams (e.g. Kindfield, 1993/1994; Kozma, 2003; Lowe, 1988), impact of
animations on understanding science concepts (e.g. Hoffler & Leutnar, 2007; Lewalter, 2003), and
impact of cognitive load on interpretationdiigrams (e.g. Sweller et al., 1990).

Diagram experts posit that properties of both the diagrams and the viewer determine an amount of
information obtainable from diagrams (e.g. Cheng, Lowe & Scaife, 2001; Lowe, 1989, 1995).
However, relatively less reseh has been conducted to investigate the nature of diagrams found in
school textbooks, and to further i nvestigate
Ametller & Pinto, 2002; Colin et al., 2002; Khanyane, 2002). As a result, most ressarciie

claims about effectiveness of diagrams without understanding what the diagrams mean to learners.

This section deals with issues associated with design and interpretation of diagrams i.e. the
importance of diagrams in school textbooks, issuegimgldo diagram design, issues relating to
scientific diagrams, issues relating to interpretation of diagrams, and issues specific to diagrams
illustrating phases of the Moon.

Importance of Diagrams in School Textbooks

Several researchers believe thhé presence of diagrams textbooks enhances learning and
understanding of information (e.g. Mayer & Anderson, 1991; 199pme authors argue that
diagrams help people learning about unfamiliar, unobservable and/or abstract concepts (Braden,
1994; Freeétte, 1994; Gropper, 1965). These authors further argue that diagrams clearly illustrate
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spatial relationships between objects, and quickly convey information that requires many words to
explain. Larkin and Simon (1987) argue that diagrams can be aiegitesentation not necessarily
because they contain more information, but because they can enable viewers to quickly and easily
obtain information.

Diagrams are usually used to think about ideas and to communicate ideas (Lowe, 1988; Seels,
1994). Lowe(1988) argues that learners use diagrams mainly to think about ideas. When used to
think about ideas, diagrams can serve any of the following roles (Duchastel, 1983):

1 Motivational role: Diagrams can help to drawarndwdelmer so
them enjoy content.

1 Retentional role Diagrams can help learners to remember information.
1 Explanatory role Diagrams can help learners to understand information.

For each of the roles discussed above, diagrams can be independent cantfseypport textual
information. A diagranis independentf it conveys the entire message intended by the illustrator.
Such diagrams consist of graphics only (e.g. weather maps), or graphics combined with words
(Lowe, 1986). Words support graphics bywding clues for interpreting diagrams e.g. to label
components or to explain what happens in diagrams (Braden, 1994; Lowe, 1986).

When textual information carries the main message intended by authors, diagrams can either
complement or supplement teatuinformation (Braden, 1994; Fredette, 1994). A diagram
complementgext if it presents information already supplied in the text, but does so in a visual
format. Such diagrams reinforce and clarify information provided in the text (Fredette, 1994). On
the other hand, a diagrasapplementgext if it provides additional information not provided in the

text, which is needed to understand concepts (Fredette, 1994).

Diagram Design

The first part of this section describes elements used when designingnisagrhile the second
part describes principles recommended for design of diagrams that can effectively convey intended
messages.

Design Elements

A diagram consists of symbols and inscriptions, collectively referred noagss (Kosslyn, 1989).
Synmbolsinclude circles, spheres, lines, arrows, etc. They are made up of configuration of design
elements such as lines, shape/form, colour, texture, light/shade, volume, and space (Fleming, 1967;
Goldstein, 1976; Rockman, 2000; Thompson, 1994). The agafign of design elements gives
information about figure, background, direction of movement, relative sizes, relative positions,
density of marks, proximity of marks, and similarity of objects (Rockman, 2000).
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Inscriptionsare made up of alphabeticaldanumerical symbols, i.e. letters and numbers (Fleming,
1967). They are either descriptive or explanatory in nature. Descriptive inscriptions are usually
nonsentences, e.g. headings and labels. Headings articulate what a diagram is about, while labels
articulate what parts of a diagram represent (Fleming, 1967). Explanative inscriptions are usually
sentences that explain what happens in diagrams (Henderson, 1999). Inscriptions can be found
within or adjacent to a diagram (Fleming, 1967; Hendersa®9)19

Design Principles

Design principles are guidelines recommended for using marks to convey messages intended by
diagrams illustrators (Thompson, 1994). Literature describes several principles applicable to design
of different types of illustrationsugsh as diagrams, graphs, and charts (e.g. Goldstein, 1976;
Kosslyn, 1989; Kress & van Leeuwen, 1996; Rockman, 2000; Thompson, 1994). Only one type of
these illustrations has been used in this study, i.e. diagrams. As a result, the following discussion
deals with design principles applicable to diagrams only. Kosslyn (1989) classifies design
principles into syntactic, semantic and pragmatic categories. Syntactic principles focus on
perception of diagrammatic information, semantic principles focus onpiatation of this
information, while pragmatic principles focus on suitability of diagrams to intended audiences.

Syntactic Principles Table 2.10 discusses syntactic principles found in literature. The Table shows
that syntactic principles suggest ygaof designing diagrams so that (i) marks can be easily
detectable and organized into perceptual units, (ii) important aspects of diagrams can easily attract
vi ewersb6 eyes, and (iii) di agrammatic informat
principles focus on processes that occurs@msory memory Scientists accept that light from
objects enters the perceiverdéds eyes and for ms
(1998) argues thatensory memorywhich lasts only for a fraction @ second, plays an important

role early in the interpretation of this information. Treisman (1986) claims that this early
interpretation consists of two stages: thre-attentive stage followed by thdeature integration

stage. Thereattentivestage dpends on input stimulus, and is responsible for identification of
features of objectse(g. colour, size, contrast, tilt, and curvature). The feature integration stage is
responsible for recombination of these features. This includes separating dréigubackground,
maintaining the same shape, size and colour when a figure is viewed from different perspectives
and from varying distances, and understanding static and motion cues found in a figure (Kosslyn &
Rosenberg, 2004; Reisberg, 2001). Prior Kedge and expectations help individuals to conjoin

these features (Treisman, 1986). Reisberg (2001) argues that this explains why individuals differ in
their ability to interpret diagrams.
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Table 2.10 Syntactic design principles applicable to diagrams

Principle Explanation Source
Perceptual_ . Dlagrgms should be drawn so that marks. are eas Kosslyn (989), Thompson
apprehension; perceived, to enable viewers to see the visual

o (1994)

legibility message conveyed by each mark.

Perceptual The design of diagrams should enable viewers to i(;lgste?h(lQ?G), K(isgsglin

organization perceive associated marks as linked ( ), Thompson ( ),
Rockman (2000)

Processing Parts of adliagram that carry the main message Goldstein (1976), Kosslyn

priorities, should have more visual weight so that they can | (1989) Thompson (1994),

emphasis, salienc| easily attract the eye. Rockman (2000)

A diagram should contain no more than 4 to 7
Processing perceptual grups. Although up to seven can be se
limitations at a single glance, only up to four can be held in t|
mind at once.

Kosslyn (1989)

Semantic Principles Baddeley (1998) asserts that from the sensory memory, information is
manipulated in theworking memory. Baddeley (1996) argues that working memory helps
perceivers to interpret information obtained from the sensory memory, and to coordinate this with
information stored in longerm memory. Semantic principles suggest ways of designing diagrams
so that viewes can easily interpret information illustrated in the diagrams (see Table 2.11).

Table 2.11 Semantic design principles applicable to diagrams

Principle Explanation Source

Marks should b used so that the intended meaning of e

Egs;esentatlm mark corresponds to spontaneous interpretation of the | Kosslyn (1989)
mark.
Surface compatibilityAppearance of lines and regions | Kosslyn (1989),
should be compatible with their meaning. Rockman (P00)
Congruence - - -
Ordering Pairs of words should be ordered in accordan
. Kosslyn (1989)
with natural usage.
Sch_ema_ Intended reade_r must have knowledge needed to Kosslyn (1989)
availability understand a diagram.

Clarity, concept

L2 A diagram must makese of concepts familiar to viewers| Thompson (1994)
availability

Between level Each mark should have only one meaning in the diagra| Kosslyn (1989)

mapping

L Each visual should deal with a single concept, and prov
Simplicity information needed by audience to ursiend the concept Thompson (1994)
Harmony Parts of a diagram should relate and complement each Thompson (1994)

other.

These principles recommend that marks be chosen to appropriately represent intended entities so
that viewers can interpret each maak intended by illustrators. In addition, the principles
recommend that marks be chosen so that each has only one meaning in a diagram to avoid
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ambiguities in meanings associated with the marks. Furthermore, the principles recommend that
each diagram belesigned so that components give a unified message. These principles are
intended to help viewers easily interpret information illustrated in diagrams.

Pragmatic principles These principles suggest ways of designing diagrams to ensure suitability of
diagrams to the context of intended audiences (see Table 2.12).

Table 2.12 Pragmatic Design principles applicable to diagrams

Principles Explanation Source
Purposg N D|agrams should provide amgpriate amount of information neede Kosslyn (1989)
compatibility for the intended purpose.

Contextual A diagram must comply with context of intended audiences (e.g
- ; . Kosslyn (1989)
compatibility using terminology used on other parts of the context).

The principlesrecommend that illustrators state the purpose of each diagram to enable viewers to
look for relevant information in each diagram. The principles further recommend that diagram
designers use a context familiar to intended viewers (e.g. presenting inéorfnam top to bottom

and from left to right for learners using the western culture of reading). This would enable viewers
to easily obtain information presented in diagrams. If these principles are followed, diagrams
would be suitable to the contextinftended viewers.

Conventions used in Scientific Diagrams

Diagrams in science textbooks have different purposes, and use different conventions to convey
information (Henderson, 1999). As a result, interpretation of these diagrams requires viewers to us
different skills and strategies. The following are some of the conventions used in scientific
diagrams:

1 A symbol can be used to represent an entity, e.g. symbols used to represent objects circuit
diagrams. Accurate interpretation of diagrams requiresers to know the meaning of each
symbol.

1 A symbol can appear more than once in a diagram, representing different entities. For example,
arrows can be used to label components of a diagram, and to indicate movement of entities in
the diagram (Henderap1999; Schollum, 1983).

1 A symbol can appear more than once in a diagram, representing an entity changing position.
For example, diagrams illustrating seasonal change usually show the Earth in different positions
around the Sun.

1 Exaggeration can besed to enhance understanding of intended messages. For example,
relative distances between objects can be distorted in order to clarify relationships. In addition,

some information is omitted to focus Ileearner
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devices holding apparatus are sometimes omitted in diagrams illustrating scientific experiments
(Henderson, 1999).

This discussion shows that diagram interpretation requires learners to correctly interpret
conventions used in the diagrams. Secti@n(pp 153154) discusses conventions used in diagrams

il lTustrating phases of the Moon, while Chapters
conventions.

Problems associated with design of diagrams

The following discussion identifies @lems at syntactic, semantic and pragmatic levels.

Syntactic problems

Syntactic principles propose that diagrams be designed in a way that can enable viewers to perceive
all marks in a diagram, and to perceive associated marks as linked (see padaet8)llowing
syntactic problems have been found in literature reviewed for this study.

Non conspicuous captionsSyntactic principles require captions to stand out from text and other
labels in a diagram. However, Khanyane (2002) found that capifoo@mponents of a diagram
illustrating formation and breaking down of ozone molecules were written in a font similar to that
used in text. Furthermore, she found that the caption of a diagram illustrating a food web was
written in a font similar to thaised for labels in the diagram. She concluded that the captions did
not stand out from the rest of other textual information in these diagrams.

Confusing layout of marks:Syntactic principles require design of diagrams to enable viewers to
see associatl marks as linked. However, Khanyane (2002) found that captions of components of a
diagram illustrating formation and breaking down of ozone molecules were placed midway between
the components. Khanyane concluded that viewers might be confused asthierveneaption

refers to the figure above or below.

Complexity of diagramsdu Pl essi s et al . (2003) investiga
illustrations found in school textbooks, one illustrating the cardiac circle and the other illustrating
themal regulation. The diagram illustrating the cardiac circle had two figures of the heart and
several arrows indicating blood entering and leaving the heart. These arrows formed more than four
perceptual groups. The flowchart illustrating thermal regariahad several concepts (and arrows

between the concepts). This diagram, too, had more than four perceptual groups. du Plessis et al.
(2003) considered both diagrams to be complicated. Thus processing information from these
diagrams might overload wking memory.
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Semantic problems

Semantic principles recommend that diagrams be designed in a way that enables viewers to obtain
all information intended by illustrators. The following semantic problems were found in literature
reviewed for this study

Inconsistency of symbolsKhanyane (2002) found that some oxygen atoms were larger in one part
of a diagram, and smaller in another part of the diagram illustrating formation and breakdown of
ozone. This illustration erroneously implies that oxygemat have different sizes (but this is not

the case).

Confusing informationn Some diagrams present information in a confusing manner. Stylianidou et
al. (2002) found this problem in a diagram illustrating energy changes. The top half of this diagram
showal sunlight warming sea water, causing the water to evaporate and condense to form rain. The
bottom part showed generation of electricity using rain water collected in a dam. At a first glance,
the diagram confusingly appeared to illustrate the wateecyalfurther look erroneously suggests

that the top part illustrates changes in water while the bottom part illustrates changes in energy.

Pragmatic problems

Pragmatic principles recommend that diagrams be designed in a way that suits the context of
intended viewers. The following pragmatic problems were found in literature.

Insufficient information: Some diagrams give less information than required to understand
messages intended by illustrators. Stylianidou et al. (2002) found this problem agrandi

intended to illustrate energy. The diagram illustrated three modes of transport arranged spatially:
space transport at the top, sea transport in the middle, and land transport at the bottom. The
diagram had a headi ng d&abeut engrgy.Thushillustratorodidadt h e r i
clarify a link between the diagram and ener@tylianidou et al. argued that the diagram appeared

to illustrate transport rather than energy.

Diagrams without captionsKhanyane (2002) found three illust@is which had no captions. The

first was a diagram illustrating views of different stakeholders about indigenous forests, the second
illustrated deforestation while the third illustrated formation and breakdown of ozone. The third
diagram had no captiobut components of the diagram had captions.

The preceding discussion shows that some science diagrams used in schools violate design
principles recommended in literature. It is against this knowledge that the current study
investigated weaknesses iasign of diagrams illustrating phases of the Moon.

Diagram interpretation (visual)

When interpreting diagrams, people need to process both verbal and nonverbal information

provided in the diagrams. Pai vi obly pratessthis codi n
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information. Paivio (1971) assumes that cognition consists of activity of two systems; the verbal
system specialized for processing and representation (storage) of verbal information and the
nonverbal system specialized for processing repdesentation of nonverbal information. The two
systems are assumed to be functionally independent. That is, either system can be active without
the other or both can be active in parallel (Paivio, 1986).

Paivio (1986) proposes that activation of \@rband nonverbal representations occurs at
representational, referential and associative levels.

1 Representational processingverbal stimuli activate representations stored in the verbal
system while nonverbal stimuli activate representations stored mothesrbal system. These
activations enable viewers to read verbal stimuli and to form mental images of nonverbal
stimuli.

1 Referential processing Verbal stimuli activate nonverbal representations of the same referent
(e.g. reading a name enables viewe form a mental image of the named object). Also,
nonverbal stimuli activate verbal representations of the same referent (e.g. looking at an object
enables viewers to recall the name of the object).

71 Associative processingVerbal and/or nonverbal regsentations of one referent activate verbal
and/or nonverbal representations of another referent. That is, a name and/or a mental image of
one entity trigger a mental image and/or a name of another entity.

Paivio (1986) argues thaariables in thestimulus situationand individual differencesdetermine

the activation of verbal and nonverbal representatiokt$tibutes of stimuli include the nature of

items to be processed (e.g. concrete or abstract), and the context in which the items are processed
(e.g. instructions to image the situation or to carry a verbal task). On the other hand, individual
differences include preferences for thinking in words or using images, and a variety of verbal and
spatial abilities.

Schoénborn and Anderson (2009) discust hr ee f actor s affecting st

di agr ams: (a) diagram desi gn, (b) l earnersd co
di agr ams, and (c) |l earnersd reasoning ability
Literature indicates that, i ndeed, these three

Impact of poor diagram design

Although diagrams can be helpful, poor design hinders their effectiveness. The following
discussiorshows that studentsrsggle to interpret poorly designed diagrams.

Ambiguity of symbols used in diagramsResearch shows that arrows help learners to interpret
movement in diagrams (e.g. Heiser & Tversky, 2006; Schollum, 1983). However, learners struggle
to interpret diagams when the meaning of arrows is not clear in the diagrams. For instance,
Khanyane (2002) interviewed 10 learners about the meaning of arrows in a diagram illustrating
sections of a plant, and interviewed 10 learners about the meaning of arrows \wn diafpam
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illustrating a food web (she did not indicate whether the same learners participated in both aspects
of her interview). Five learners gave partially correct explanations of what the arrows represented
in a diagram illustrating sections of a plarThe sixth learner gave a partially correct answer after
being probed while four gave incorrect answers even after being probed. However, nine learners
gave satisfactory explanations of what arrows meant in the diagram illustrating food web. This
suggests that learners had no problem of interpreting arrows, but had problems with the manner in
which arrows were used in the diagram illustrating sections of a plant.

Diagrams with insufficient information Ametller and Pinto (2002) asked 25 high sctaiatents

to interpret a diagram illustrating energy changes taking place when a catapult propels a piece of
chalk. None of these students mentioned energy conservation when interpreting the diagram
(energy conservation was implied but not mentioned éndiagram). Thus, lack of information on

the diagram resulted in poor interpretation of the diagram.

I n another study, Mat hai and Ramadas (2009) as
di gestiond. The di agr amapgpensto food Substancad as they entex p | a i
the mouth and leave the anus, but little information about processes occurring between the mouth
and the anus. The majority of students had problems of understanding what happens between the
mouth and the anus. dppears that the students had a problem of interpretation because not enough
information was provided in the diagram.

Impact of poor conceptual knowledge

Research shows that background knowledge on <co
ability to interpret diagrams. The following discussion shows that poor background knowledge
hinders learners understanding of information illustrated in diagrams.

Colin et al. (2002) asked 32 high school students to interpret a diagram illustratinggenformed

on a screen by a converging lens. Fifteen of the students had learned about optics. Fourteen of the
15 students said that if the screen was moved back, the image would stay on the screen, but be
blurred and bigger (in fact the image appearsedlurred because of being in front of the screen).
None of the 17 students who were not taught physics mentioned sharpness or blurredness of the
shape resulting from moving the screen. These learners believed that the image would move with
the screen.These responses indicate that poor understanding can result in misinterpretation of the
diagram.

I n another study, Khanyane (2002) investigated
a ballandstick model of an ozone molecule. Six leamn correctly interpreted the balls as
representingpxygenatoms. Two learners said that the balls represeotgdien molecules One

learner said that the balls representedne moleculewhile the last learner said that the balls

representettydrogen. Onl 'y f our | earners stated that the 6s
six learners gave wrong interpretations. Thus, some learners encountered interpretation problems
because they did not know what thaecuebal | sé6 and
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A further observation from literature is tha&rpcipants with good background knowledge in a
domain illustrated in diagrams (experts) usually understand the message better than participants
with poor background knowledge the domain (Kindfiel®93/1994) Lowe (1995) argues that
knowledge stored in long term memory guides experts. This knowledge, which results from
extensive experience with the relevant domain and the type of diagram, includes the nature of
information conveyed by diagramdiet manner in which diagrams convey this information, and
particular ways of processing this information (Henderson, 1999).

Impact of poor visual literacy skills

Diagram interpretation requires viewers to use visual literacy skills. Visual literacywioas t
components: ability to use visuals to communicate information, and ability to interpret information
presented visually (Seels, 1994). The following discussion shows that sometimes poor visual
literacy skills result in misinterpretation of diagrams.

Failure in perceptual organizationdu Plessis et al. (2003) found that 50% of students had some
difficulty of combining elements in a diagram illustrating thermoregulation (du Plessis et al. did not
state the number of students who participated in interyiewarthermore, 20% of the participants
showed evidence of poor search patterns by not grouping appropriate information into elements in a
diagram illustrating thermoregulation.

Not reading captionsAmetller and Pinto (2002) and Khanyane (2002) fourad s$ome learners do

not voluntarily read captions of diagrams. Most of these learners misinterpreted diagrams because
of not reading the captions. The majority of
(2002) study gave correct interpretati@afier reading the captions.

Failure to interpret depth cues Liddel!l (1997) investigated
interpretation of information illustrated in pictures. Some of the children had difficulty in
understanding what the illustrations sleml. Liddell found that 72% of the misinterpretations

resulted from inability to interpretepth, shading, and perspectita.another study, Nicholson and

Seddon (1977) investigated links between diagram interpretation and the number of depth cues
foundi n di agr ams. One hundred and five high s
Nicholson and Seddon (1977) found that the ability to interpret diagrams increased as the number of
depth cues increased. However, the results showed that more thai thaf participants had

difficulty in understanding information presented in these diagrams.

In yet another study, Seddon and Eniaiyeju (1986) administered cues tests to 200 high school
student s. The tests i nve s tuesdoandmdabhdstakmodelss 6 i nt
of molecules. Only 6% of the participants performed satisfactorily on all cues tests. These results
show that the majority of students encountered problems of interpreting depth cues.

Linking diagrams with irrelevanttext Sometimes misinterpretations result from linking diagrams

with irrelevant text. For example, Khanyane (2002) asked 10 learners to interpret a diagram
illustrating formation and breakdown of ozone. Two learners said that the diagram illustrated
Omme scarebd. Khanyane concluded that the | ear
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(6ozone scarebd was a heading of this text). F
l ayer 6. Khanyane suspect eighbtuhngtextt hese | earners

The foregoing discussion shows that some learners lack visual literacy skills needed to interpret
diagrams, and therefore fail to understand information illustrated in the diagrams.

Diagram interpretation (spatial)

Research shows thatamy science diagrams require learners to mentally manipulate diagrammatic
information in space. Research further shows that many learners struggle to do this. For example,
Constable, Campbell and Brown (1988), RusSalbbett (1984) and Sanders (2002)irfd that

many students could not understand biological sections. Most of these students lacked spatial
ability skills needed to understand the cresstions, e.g. forming mental images of objects being
cut, and imagining shapes and relative positionsbjécts after being cut. In another study, Kali

and Orion (1996) found that many students lacked spatial ability skills needed to understand
diagrams illustrating geological sections, e.g. imagining how a landform would look when cut, and
what the surfacewould look like when viewed from different perspectives. In yet another study,
Seddon, Tuckey and their associates found that learners lacked spatial ability skills needed to
understand information presented in taid-stick models of molecular structs (SeddonAdeola,

El Farra and Oyediji1l984; Seddon & Eniaiyeju, 1986; Tuckey, Selvaratnam and Bradley, 1991).
Understanding this information requires learners to correctly interpret depth cues used in the
diagrams, and to imagine looking at molecwimuctures from different perspectives.

To fully understand phases of the Moon, learners need to imagine perceiving thiéamBun

systemfrom different perspectives, determining the illuminated fractions visible from Earth (see
details in Section 8, pp 8488). However, findings of Colin et al. (2002) suggest that learners

might struggle to perform these mental taskslin et al. presented 34 high school students with a
diagram illustrating the Sunbés edialyigure 2¢).pTTwo ac hi n ¢
regions (AB and CD) were marked on the diagram
rays, but was on the side of Jupiter not visible to viewers on Earth. The region CD was visible to
viewers on Earth, but could not be sdmrause of being in darkness. Colin et al. asked the
students to explain why regions AB and CD could not be seen from Earth. Only four of the 34
students correctly explained why Earth viewers could not see AB and CD. The remaining 30 gave
incorrect expnations. These results suggest that some high school learners struggle to explain
why certain regions of an illuminated planet cannot be seen from Earth. This in turn suggests that
students could struggle to understand information presented in diadjtestrating phases of the

Moon.
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Figure26 1 I |l ustration of the Sunbds rays approaching t
Diagrams illustrating Phases of the Moon
The discussiornin Section 2.1.1 (p 11) shows that the bulk of research dealing with phases of the
Moon has focused on misconceptions about the cause of these phases, and on interventions intended
to help learners understand the cause of moon phases. In additionshbewein Section 1.3 (pp
4-5) that very little research has focused on the nature of diagrams found in school textbooks, and to
further investigate |l earnerso6 ability to inter

which have dealt with issu@ssociated with diagrams illustrating phases of the Moon.

A typical diagram illustrating phases of the Moon shows the Earth, the Moon in its orbital path

around the Eart h,

phases of

t he

Mo on, and the

Section 4.3, pp 8488 for details). These diagrams have both the static and dynamic features. That
is, the Earth and the Sun appear to be static in these diagrams, while the Moon appears to change
positions in its orbital path around the Earth, and to ghahape as it orbits the Earth. Review of
literature shows that some researchers have found problems in textbook diagrams illustrating phases

of the Moon.

For examplaylartinezPena and GiQuilez (2001) found that some diagrams

illustrating phases ofhe Moon did not show the Moon as seen from space (Section 4.3 explains
why this information is important). Furthermore, Martisiena and GiQuilez found that the Sun
and/or the Earth were missing in some diagrams. No explanations were provided gstliswh

information was missing in the diagrams.

Further research shows that relative sizes and distances between the Earth, the Sun and the Moon
are not maintained in diagrams illustrating phases of the Moon (see Dove, 2002; Engestrém, 1991;
Subramanian& Padalkar, 2009). As a result, the Moon appears to be much bigger and much closer
to the Earth than reality. Engestrom (1991) argues that this representation fails to indicate that the
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probability of the Eart ho6s s h aFdrthevmorfe,alndestring o n t
(1991) and Subramaniam and Padalkar (2009) speculate that this representation might enhance a
view that the Earthés shadow causes phases of t
di agrams il 1| ust rleng the ptaheeof thd ediptid (8.9. Davdy R002; Bngestrom,

1991; MartinezZPena & GitQuilez, 2001; Trundle et al., 2002). These researchers propose that this
representation could enhance a common misconception in which people associate phases of the
Moonbs with the Earthés shadow.

Further analysis of the diagrams shows that artists use bright colours to represent part of the Moon
visible from Earth, and dark colours to represent part of the Moon not visible from Earth. However,
studies by Trundle ander associates (Bell & Trundle, 2008; Trundle et al., 2010) and Wilhelm,
Sherrod & Walters (2008) show that some people use the bright and dark colours in a way
contradicting meanings given by diagram illustrators. Bell and Trundle (2008) asked<svjme
teachers to draw shapes of the Moon they expected to see when making daily Moon observations.
Two of the participants shaded visible part of the Moon and left the unseen part of the Moon as
white. Thus, these participants used black colour to repressible part of the Moon (contrary to

the convention used in diagrams). In another study, Wilhelm et al. (2008) asked-s&tvice
teachers to complete a Moon chart while making daily Moon observation overwefgkeperiod.

Seven of these teaclsawitched their method of shading, from shading visible part of the Moon to
shading part of the Moon not visible from Earth. Thus, they changed the meaning of shaded and
nonshaded parts of the Moon. In yet another study, Trundle et al. (2010) askedd208 learners

to complete a Moon chart while making daily Moon observations. Trundle et al. advised the
learners to shade shapes representing visible part of the Moon, and leave the unseen part of the
Moon as white. These results indicate that someple consider the shaded part as representing
visible part of the Moon while diagram illustrators consider the white part as one being visible from
Earth. Without explanation of what each colour represents, different viewers might ascribe
different meanigs to dark and light colours.

In addition to textbook diagrams, research has been conducted to investigate problems on diagrams

il lTustrating phases of the Moon in childrenbds s
772 illustrations in 8 story books. These researchers found that one fifth of these illustrations were
scientifically incorrect, andargued that the illustrations could enhance misconceptiofise

maj ority og$citehnetsief i @donshapes wer e 24%) pltases.sc ent
Trundle et al. (2008) conducted a detailed analysis of diagrams found in two of the 80 story books.

The analysis showed that the diagrams illustrated the sequence of moon phases as seen from the
southern hemisphere, despite the fact thi@nided viewers lived in the northern hemisphere. This

could confuse users of diagrams.

The concept of moon's phases requires learners to simultaneously process information given by
three objects in order to determine shape of the Moon as seen from Ehrtih, this concept is
interactive(i.e. it requires several elements to be processed simultaneobdatpery, Bain and

Halford (1986) and Sweller and Chandler (1994) found that people experience difficulties when
processing highly interactive informatio Sweller (1993) and Sweller and Chandler (1994) argue
that interpretation of highly interactive material remains a problem even if diagrams are well
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constructed. This implies that learners might struggle to interpret diagrams illustrating astronomy
corcepts, even if these diagrams are well designed.

Summary

This section has discussed (a) reasons for which diagrams are used in school textbooks, (b)
principles recommended for design of diagrams that can easily convey intended messages, (c)
conventionsused in scientific diagrams, and (d) problems encountered by students interpreting
scientific diagrams. The discussion shows that several diagrams violate design principles
recommended in literature. Thus, usage of these diagrams might hinder leaimifigrrofition
illustrated in the diagrams. The discussion further shows that sometimes learners struggle to
interpret conventions used in these diagrams, and to mentally manipulate diagrammatic information
in space. | have used this information when disiigsresults obtained in this study (see Chapters

6, 7 and 8).

2.3 Chapter summary

This chapter has presented literature related to phases of the Moon and theories used to design the
study and to interpret the results. | discussed the spatial abilityytiveloich is important because
interpretation of diagrams illustrating phases of the Moon requires people to manipulate the Earth,
the Sun and the Moon in space. Then | discussed the theory of models because the diagrams used
in this study illustrate a ntzl of the EarttMoon-Sunsystem | ended the chapter by discussing

issues relating to diagrams, e.g. importance of diagrams, design of diagrams, and interpretation of
diagrams. The next chapter presents methods used to collect data in the study.
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Chapter 3 Met hodol ogy

The previous chapters have discussed literature relating to the problem which motivated the study,
and the theoretical framework used to design the study and interpret results. This chapter presents
literature relating to methods usedtme study, and further discusses the general design of the
study. Figure 3.1 summarises the design of the study, showing how the study progressed from the
review of literature, to the design of data gathering tools, collection and analysis of dataivahd a

of conclusions. Section 3.1 discusses the paradigm in which the study was situated. Section 3.2
discusses sampling methods used in the study. Sections 3.3, 3.4, 3.5 and 3.6 discuss methods used
to collect data in the study, indicating how rigawais ensured in each case. Subsequent chapters
discuss data analysis, findings and conclusions made from the data.

3.1 Research Paradigm

A paradigm is defined as a network of assumptions, thoughts, beliefs and valuehalmattre of

reality and how peopl get to understand reali(Chalmers, 1994; Gage, 1967; Ponterotto, 2005).
Research paradigms influence methods and procedures used to design and conduct research (Gage,
1967; Punch, 2005; Usher, 1996). There exist three research paradigms: quardilatitegive,

and pragmatic paradigms.

3.1.1 Quantitative paradigm

Proponents of this paradigm believe in one objective reality which exists separate from beliefs of
individuals (Ponterotto, 2005) They believe that this realitgan be identified and msared
(Ponterotto, 2005) In their research, they standardise procedures to minimize impaatusfs,

hopes, expectations, and feelings in the research pr@eeddy, 1993; Guba & Lincoln, 1988).

This enables them to study phenomena objectively (withdas). They prefer forcechoice
questions (e.g. multiplehoice and filin questions) which can be easily administered to large
samples of participants, and whose data can be processed easily and objectively (Foddy, 1993). The
large amount of data ehles these researchers to generalize findings to populations from which
samples were taken.
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3.1.2 Qualitative paradigm

Proponents of this paradigm k®ile inmultiple, equally valid realities constructed in the minds of
individuals (Ponterotto, 2005). According to believers of this paradigm, factors such as culture,
gender, values, hopes, expectations, and feelings determine how humans get to knogaktyout
Thus, the values and beliefs of researchers cannot be separated from the research Titegess.
study phenomena in their natural settings, usually spending extended periods of time with
participants in order to gain holistic understanding leérmpmena being studied (Anderson, 1998;
Punch, 2005). They prefer opended questions which provide rich data that enhances
understanding of the phenomena (Foddy, 1993; Fraenkel & Wallen, 1990).

3.1.3 Pragmatic paradigm

Proponents of this paradigm hold epistemological beliefs about reality and how to study reality.

They design research in a way that best provides answers to research questions, and this enables
them to use methods usually associated with either qualitative or quantitative paradigms, or t
integrate the methods in order to answer research questions (Johnson & Onwuegbuzie, 2004;
Punch, 2005; Reeves & Hedbe2§03.

Some researchers argue against usage of qualitative and quantitative methods in one study, claiming
that the methods are leak on different philosophical assumptions (e.g. Sale, Lohfeld & Brazil
2002). However, others such as Creswell (2005) argue for mixing the methods that are needed to
address the problem being investigatdelinch (2005) discusses different reasons fargitting
qualitative and quantitative methods.

1 Qualitative research can facilitate quantitative researchhis occurs when researchers need
gquantitative data, but conduct qualitative research to understand characteristics of intended
participants, and #n use findings to design quantitative research. Results enable researchers to
generalize findings to populations from which samples were taken.

1 Quantitative research can facilitate qualitative researchhis occurs when researchers need
qualitative d#éa, but conduct quantitative research to understand characteristics of intended
participants, and then use findings to design qualitative research. Results enable researchers to
get deep understanding of phenomena being studied.

1 Qualitative and quantitve methods can be integrated to understand phenomena being
studied. This occurs when researchers need both qualitative and quantitative data, and design
research to get these types of data. Results enable researchers to get deeper understanding of
thephenomena being studied, and to generalize findings to populations from which the samples
were taken.

Several authors warn that using methods associated with both qualitative and qualitative approaches
in one study causes several challenges. First,eamdser has to learn about both approaches in
order to use and mix the methods appropriately (Creswell, 2005; Johnson & Onwuegbuzie, 2004).
Also, the researcher has a challenge of deciding which methods to use first, and when to integrate
findings obtaind from using the methoddvankova, Creswell & Stick, 2006). Additionally, a
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single researcher might encounter difficulties of collecting both qualitative and quantitative data,
especially if these data are collected at the same t@nesyell, 2005;lvankova et al., 2006;
Johnson & Onwuegbuzie, 2004 Furthermore, it might be difficult for the researcher to obtain
resources needed to collect and analyse both types of data. Thus, mixing the methods might be
more expensive than using methods associatéld evily one approackivankova et al., 2006;
Johnson & Onwuegbuzie, 2004

3.1.4 Research Paradigm employed in the study

This study was based on no epistemological beliefs about reality and how this reality should be
studied. That is, research questionedained methods and strategies used to collect data in the
study. Table 3.1 illustrates data gathering tools which provided data to answer each of the research
questions in the study (see the Research Questions in Section 1.5, p 6).

Table 3.1 Data gathering tools used in the study

Research question Data gathering instrument/strategy Type of data
1 Spatial ability tests Quantitative
2 Diagnostic test Quantitative
3 Diagram analysis instrument Qualitative
4 Interview Qualitative
5 Interviews Qualitative

The table shows that the tools provided both quantitative and qualitative data. The quantitative data
obtained through the use of diagnostic and spatial ability tests informed selection of leamers wh
participated in interviews. Thus quantitative study facilitated qualitative study.

Usage of methods associated with both qualitative and quantitative approaches did not result in
challenges for data collection and analysis in the current studgt, Fivorked hard to understand

both approaches in order to use the methods appropriately. Furthermore, my research questions
suggested the order in which data had to be collected. Thus, | did not collect qualitative and
guantitative data at the same éinand also, | encountered no difficulties of deciding which methods

to use first. Finally, | obtained materials needed to process and analyze all the data obtained in the
study.

3.2 Sampling

Educational researchers collect data from people, events andtsolnje order to understand
characteristics associated with these entitidsy,( Jacobs & Razavieh199Q0 McMillan &
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Schumacher, 1993). It is sometimes difficult to obtain data from the entire population (i.e. all
entities relevant to a study) because @fgonatic, financial and time constraints, and, as a result,
researchers may use samples to infer characteristics of populations (van Dalen, 1973; Ary et al.,
1990; Cohen & Manion, 1995). Sample refers to a smaller group of entities from which data is
colleded, selected from the entire group called the population (McMillan & Schumacher, 1993).

Researchers usually select samples using one of the two main sampling approaches: probability and
non-probability sampling (Aryet al, 1990; Cohen & Manion, 1995)Probability sampling is an
approach in which all entities relevant to a study have equal and/or known probability of being
selected. This methodis ideal for researchers who want to generalize their findings, because the
participants selected through thseuof this approach are considered to be representative of their
population (Hopkins,1976; Ary et al, 1990; McMillan & Schumacher, 1993). However,
probability sampling cannot always be utilized in educational research because existing conditions
may notallow all participants to be available for research (Hopki#76; Ary et al, 1990).
Educational researchers, therefore, often utiaa-probability sampling; an approach in which
researchers use (or choose from) participants who are readily avddalal study. McMillan and
Schumacher (1993) point out that this approach has two major limitations: (i) the sample is not
necessarily representative of the population, and (i) samples are likely to be biased if people
volunteer to participate in thesearch.Despite these two limitations, ngmobability sampling has

been utilized in this study because the aim of the study was to understand characteristics of
participants, not to generalise findings to the population from which the sample was selected

Two forms of nonprobability sampling were used in this study; convenience sampling and
purposive sampling.Convenience samplingnvolves selection of participants that are accessible

for a study, depending on availability of time and resources Dad@an, 1973). | used this method

to obtain diagrams analysed in the study. That is, | made an effort to get as many textbooks as
possible which had diagrams illustrating phases of the Moon, and analysed diagrams found in these
books. Thus, | analysedadjrams from books that were available for the study.

Purposive samplinginvolves selection of participants that are likely to provide data needed for a
study (Cohen & Manion, 1995). | used this method to obtain learners who answered the diagnostic
and gatial ability tests, to select learners who participated in the interviews, and to select diagrams
used in the interviews. The use of this approach had a number of advantages as discussed below:

1 Learners who answered diagnostic and spaaiaility test | administered the tests to learners
studying in an English medium school located in town. | hoped that these learners would be
better able to communicate in English than learners in schools located out of town.

1 Learners who participated in interviews:used results from spatial ability tests to select
learners who interpreted diagrams illustrating phases of the Moon. Five of these learners had
obtained high spatial ability scores while the other five had obtained low spatial ability scores.

Resultse na bl ed me t o establ i sh l i nks bet ween di

ability skills.
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1 Diagrams used during interviewkselected four diagrams with the fewest design problems to
be used during interviews. It was important for these diagtarhave as few design problems
as possible, to minimize misinterpretations that might result from poor design of diagrams.

3.3 Rigour

Rigour in research refers to validity (truthfulness) and reliability (consistency) of inferences
researchers make on thasis of data they collect (Fraenkel and Wallen, 1990; Salkind, 2009).

3.3.1 Validity

Researchers need to pay attention to validity of data they collect, and validity of inferences they
make on the basis of the data (Fraenkel & Wallen, 1990; Punch, 2005).

Validity of data

This is a measure of the extent to which dAdat :
( Punch, 2005: 252) . It Afdepends on the amount
interpretations r esear cWalen, sl99W0li28).h Different methéds @e ( Fr a ¢
used to validate quantitative and qualitative data.

Validating quantitative dataWhen validating quantitative data, researchers have to define content
to be assessed, and then construct test items that adgquatel the content (Punch, 2005;
Rosenthal & Rosnow, 2008). The content knowledge and test items have to be given to experts to
check content validity, i.e. the extent to which the test fairly covers the required content (Punch,
2005; Rosenthal & Rosnov2008). Fraenkel and Wallen (1990) suggest that the experts should
also check clarity of instructions, quality of printing, and language used in the test. Section 3.4.1
explains validation of tests used in this study (first paragraph on page 65, and patagraph on

page 69).

Validating qualitative data Punch (2005) gives two pieces of advice that can enhance validity of
qualitative data. First, he advises researchers to use check coding. This is a process in which
another researcher checks codemgd processing of data. Secondly, he advises researchers to
provide an audit trail through the analysis, [
conclusionsbo (Punch 2005:289) . Sections 3.5.
paragaph on page 80) explain how check coding was used when processing data obtained from
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diagrams and interviews respectively. Chapters 6, 7 and 8 give detailed explanations of how data
was used to arrive at conclusions.

Validity of inferences

This aspecof rigour has two components, internal validity and external validity.

Internal validity: This i s it he extent of controlling ext
Schumacher, 1993:172), and fithe extent to whi
correctly interpreted (so that) the findings faithfully represent and reflect the reality which has been

studiedd (Punch, 2005: 254) . Table 3.2 1lists

might have to be controlled. These include histonpject attrition, maturation, researcher and

participant effects.

Table 3.2 Threats to internal validity

Threats Explanation
Source of error resulting from uncontrolled events/incidents (e.g. gaiker) that
History happen during the conduct of research (McMillan & Schumacher, 1993; Rosenthal
Rosnow, 2008).
Subject The effect in which participants drop in the course of a study, especially the studies
attrition extending over a long period of timg¢Millan & Schumacher, 1993
Changes that occur to participants, e.g. being hungry, tired, discouraged; or growin
Maturation older, wiser, stronger, or more experienced (McMillan & Schumacher, 1993; Rosen|
Rosnow, 2008).
Researcher | Bias caised by presence of a researcher, e.g. dress code, age and educational levd
effects can affect the way participants respond (McMillan & Schumacher, 1993).
- Participants may behave in a particular manner because of being subjects of an
Participant . N h h s S h | h
effects investigation. These changes are initiated by participants themselves, not the

experimenter (McMillan & Schumacher, 1993).

Table 3.6 (page 72) explains the steps | took to minimize these threats for diagnostic and spatial

ability tests, while Table 35L(page 79) explains how | minimized these threats for the interviews.

External validity. Quantitative researchers use this term when referring to the extent to which
research findings can be generalized to populations from which samples were takeHai&Mi
Schumacher, 1993; Punch, 2005). As has been mentioned above, the purpose of this study was to
extend understanding not to generalize findings.

The term transferability is considered by qualitative researchers whose aim is to extend
understandingMcMillan & Schumacher, 1993; Punch, 2005). Transferability requires researchers
to givedetailed descriptions of the sample, the context of the study, and the theories used to design
the study and interpret results. This enables readers to fully wmtkrsbnditions under which
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research has been conductbttilillan & Schumacher, 1993). This, in turn, enabiles readers to
evaluate the extent to which research findings can be used in other settings (Henning 2004;
McMillan & Schumacher, 1993; Punch, Z)0and to use these findings when designing further
research (McMillan & Schumacher, 1993)have given detailed description of the research in this
thesis, to enable readers to get aidepth understanding of the methods used in the study, and to
evaluate the extent to which my findings can be used in other settings.

3.3.2 Reliability

Quantitative researchers use the term o6reliabi
instruments and scoring data obtained from the use of the instrumesesK&r & Wallen, 1990;

Punch, 2005; Salkind, 2009). On the other hand, qualitative researchers use this term when
referring to consistency of the researcher 6s i
and interpretation of meanings obtainedm data (McMillan & Schumacher, 1993). Table 3.3
illustrates ways of increasing reliability in research (discussed by McMillan & Schumacher, 1993;
Punch, 2005; Salkind, 2009; Stemler, 2004).

Table 3.3 Ways of increasing reliability in a study

Quantitative research Qualitative research
Researchers should 1 Researchers enhance reliability ieitrdesign by
1 Eliminate unclear questions because clearly explaining the context in which the study is
participants might respond to these iten based, methods used to select participants, and d
in different ways at different times. collection and analysis strategies.

1 Standardize test instructions and
conditions under which the test is taken
(e.g. temperature, time of day etc.).

1 Minimize impact of external events (e.g
sporting activities).

1 Maintain consistent scoring procedures

1 Check interrater reliability.

1 They reduce threats to reliability in data collection
mechanicallyrecordingdata and using vbatim
accounts.

The table shows that quantitative researchers eliminate unclear questions, standardise test
instructions, and maintain consistency in scoring, taking interrater reliabilities into consideration.
The aim of these researchers is to ewhamuthfulness of interpretations made from the results.
They believe that truthfulness can be ascertained if independent raters produce the same result.

The table further shows that qualitative researchers enhance reliability giving details about contex
of the study, selection of participants, and the processes of data collection and analysis. These
researcherslo not strive for truth because they believe that reality is constructed by individual
based on experiences, beliefs, expectations, etc.

All these issues were taken into consideration during the conduct of this research. That is

7 Validation and piloting of the diagnostic test eliminated unclear questions from the test.
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1 Designers of spatial ability tests provide standard instructions for &dration and scoring of
these tests. In the same way, | drew up standard instructions that were given to learners who
answered the diagnostic test (see the diagnostic test in Appendix B).

7 | administered the tests during school days when there weraermaxevents such as sporting
activities.

1 | scored all the tests, hence maximizing consistency in the scoring procedure.

1 | provide details of methods followed when processing data obtained from diagrams and
interviews.

17 The interviews were video recomleand the data was transcribed verbatim. A second
researcher checked transcription of the tapes, and consistency of coding the data.

3.4 Spatial and Diagnostic Tests

In this section, | describe how | selected spatial ability tests and designed the tiiagsbased in
the study. In addition, | describe methods that | used to collect data in the study.

3.4.1 Selection/design of tests

The first part of this section deals with selection of spatial ability tests from the ETS kit. The
second part deals with sign of the diagnostic test for the study.

Spatial ability tests

| selected six spatial ability testhioom theKit of Factor-Referenced Cognitive Testsveloped by

Ekstromet al. (1976) at the Education Testing Service (ETFable 3.4 illustrates coponent of

spatial ability measured by each testused the Hidden Patterns Test (2Fbecause it measures
peoplebds ability to mentally detach a figure fr
interpreting diagrams illustrating phasesto Moon. That is, diagram viewers need to focus at the

Moon in one position while ignoring the Moon in other positions which might act as distracting
background. In addition to the €Ftest, | used the Card Rotationsi)Sand Cube Comparisons

(S2) Tes s because they measure peopleds ability to
to understand why earth viewers see phases of the Moon (e.g. the turning of the Earth on its axis
and Moondés orbit aXtesuinsinpléerhmsaulk da mtgh )p.eopThres 6S abi | i
rotate twedimensional objects on plane of the paper. Results of this test give information about
peoplebds ability to un#ettake maent dle wohati dian.
ability to mentally otate threedimensional objects in space (similar to understanding phases of the

Moon, which requires mental manipulation of thckeensional objects in space). Thus, th2 S

test is more demanding and more relevant than theeSt. Learners who hasgpatial ability skills

needed to mentally rotate objects in space would get high scores on both tests, while learners who
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lack these skills would get low scores in both tests. However, learners who are good in mental
rotation, but struggle to rotate thrdemensional objects in space would obtain high scores on-the S

1 test and low scores on the2Sest. Thus, information obtained from the two tests helps us to
understand the exact problems that learners encounter when mentally rotating objects in space.

Table 3.4 Spatial ability tests used in the study

Tests from ETS Kit
Component of spatial ability
Name Code
Spatial Perception Hidden Patterns Test CR2
) _ ) Card Rotations Test S1
Spatial Orientation -
Cube Comparisons Test S2
Form Board Test VZ-1
Surface Development Test VZ-3

Finally 1 used the Form Board Test (MJ, the Paper Folding Test -8 and the Surface

Development Test (VAB) which all mease@r peopl ebds ability to perfc
transformations. The MZ t e st measures peoplebs ability to
pl ane of the paper. Results obtained from t hi s
severalobjects at the same time. The¥Z t est i s more challenging, m
mentally manipulate a paper in thréienensional space. This test gives more information than the

VZ-1 test, i . e. not only abes afmenmletransformalians, aubto | i t vy

execute the transformations in thhdimensional space. TheVZ t est measures peop!
mentally construct thredimensional shapes from twbmensional drawings. Results obtained

from this test give infor@tion that can help us to understand the extent to which participants can
mentally perceive the Earth, the Sun and the Moon as-tlimeensional objects from drawings

illustrating the EartfSunMoon system

Learners who have spatial ability skills neetie@xecute a series of mental manipulations in space
would get high scores on the three tests while learners who lack these skills would get low score on
these tests. On the other hand, learners who have skills needed to execute a series of mental
manipuhtions in space, but struggle to manipulat® 8bjects in space would get high scores on

the VZ-1 test and low scores on the \2Zand VZ3 tests. Furthermore, learners who have skills
needed to mentally manipulatea®d 3D objects in space but struggteconstruct @ shapes from

2-D drawings would get high scores on the-¥Yand VZ2 tests but obtain low scores on the-8Z

test. Thus, usage of the three tests helps us to understaegatieproblems that learners encounter
when endeavouring to undake a series of mental manipulation in space.

! The table is a modificatioof ideas suggested I8althouseBabcock, Mitchelle and Skovron¢k990
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| selected tests from the ETS kit for four reasons: (i) the tests were appropriate for learners who
participated in the study, i.e. designémdicate that the tests are suitable for persons who have
reached @Gde 9 and older, but can be administered to younger participants if researchers read out
instructions (ii) thorough research was done when the tests were developed, (iii) reliability
coefficients show the rests to be very reliable (0.7 and above2cn8 VZ-2, 0.8 and above for

CF2, S1 and VZ£1, and above 0.9 for \A3), and (iv) comparison can be made with other studies
because the tests are widely usa&tlhen discussing the results, | pay attention to similarities and
differences between skills measd by the tests, and skills needed to understand phases of the
Moon.

The diagnostic test

Diagnostic testare usually penciandpaper techniques used to identify existing knowledge and
competencies, and to identify areas of strength and weakness (E€289r, Diagnostic tests have

the following advantages (similar to advantages of questionnaires discussed by Cohen & Manion,
1995; Fraenkel & Wallen; 1990; McMillan & Schumacher, 1993; Oppenheim, 1966 and Sax, 1968)
which are applicable to the study: (dey are a relatively cheap way to gather research data
because they do not necessarily require a researcher to travel to individual respondents, (b) they do
not need to be administered by trained staff, (c) data can be obtained from large samplegin a sho
time, (d) processing and analyzing the data can be simpler and quicker than is the case for
interviews.

Design of the diagnostic testThe first step in the design of the test was to specify content
knowledge to be evaluated through the test. It lshbe remembered that the curriculum requires

(i) Foundation Phase learners to know that spatial objects such as the Sun, the stars, the Moon and
the planets can be studied to estabfiattern of their movementandtheir relative positions (ii)
Intermedate Phase learners to know that dpparent shape of the moon changes in a predictable
pattern, and to further know that thotion of the Moon relative to the Earth and the Swan be

used to explain these changes, and (iii) Senior Phase learnersmtdHaianost spatial objects are

in regular and predictable motionand to further know that the motions of the Earth and the Moon
explain phenomena such as phases of the Moon.

Section 4.3 (8488) gives details about the content knowledge evaluated byatyecdtic test. The
knowledge statements discuss issues associated wilte (iegular and predictable motion of the

Earth such as the Earth's rotation and its orbit around the Sun, (idethgar and predictable

motion of the Moonsuch as duration dfloon's orbit around the Earth, the rising and setting times

of the Moon during each phase, the reasons why the Moon rises later each day, and time lapse
between phases of the Moon, and (@yular and predictable appearance of the Magdhe shape

of theMoon seen from earth during each phase, and reasons why the Moon appears to face opposite
directions as seen from different hemispheres.
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| used the knowledge statements to design the diagnostic test (see the test in Appendix B). The test
consisted of 1 questions.

1 Questions 1i 7: These were multiple hoi ce questions testing | earn
on concepts associated with phases of the Moon. All these questions could be answered using
knowledge taught in schools (from Intermediate Phas&dnior Phase as required by the
curriculum). In addition, learners with good understanding of the #4otn-Sunsystem and
those who have stayed in environments that enable view of the sky at night (e.g. where there is
no electricity) could get correanswers for most of these questions.

i Question 1 investigated | earnersd understand
phases (related tegular and predictable motion of the Mogn This question investigated
factual knowledge that learndrave to be told.

i Question 2 investigated | earnersd understand
(related toregular and predictable motion of the Modn This question can be answered
using factual knowledge that learners have to be tiidaddition, learners who understand
the EarthMoon-Sunsystemcould get a correct response for this question.

i Question 3 investigated | earnersd understanca
(related toregular and predictable motion of the Moorgnd predictable pattern of the
Mo o n 6 s ). pLikeatlse revious question, learners who have a good understanding of the
EarthMoon-Sun systemcould get a correct answer for this question. In addition, learners
who regularly see the Moon in the sky abgkt a correct answer for this question.

i Question 4 investigated | earnersd understan:
from day to day (related toegular and predictable motion of the Mogn Learners who
have everyday experience with the Mofng. who regularly see the Moon) could get a
correct answer for this question, even if the topic had not been taught in schools.

i Question 5 investigated |l earnersd6 understand
fact that themotion of the Mom relative to the Earth and the Sun can be used to explain
changes in apparent shape of the Mgon

i Question 6 investigated | earnersdé ability to
the sky, and time of day (relatedrelative positions oftie Earth, the Sun and the Moon,
and phases of the Mogn Learners who have a good understanding of the Béotim-Sun
system and/or those who regularly see the Moon in the sky could get a correct answer for
this question.

o Question 7 investigated leardes under standing of the fact th
same phase of the Moon in a particular day, irrespective of locations of viewers on earth
(related taregular motion of the Earth, and phases of the Mopn

7 Questions 87 11: These questions e st ed | earnersd ability to
information presented in diagrams.

o Question 8 illustrated a viewer (P) on earth and an astronaut (A) on the Moon. The Moon
appeared to be crescesftaped as seen from the Earth (see Figure 3.2).
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Figure 3.2 A diagram from Question 8

The question asked learners to determine the phase of the Earth that would be seen by the
astronaut. To answer the question, learners nete@terminea configuration of the
components othe EarthMoon-Sunsystemfor which earth viewers would see the crescent
moon illustrated in the diagram, and to imagine looking at the Earth from the Moon in this
position (related taelative positions othe Earth, the Sun and the Moon, and phases of

the Moon).

i Question 9 tested skills necessary to determine phases of the Moon from diagrams, using a
diagram that was likely to be familiar to the learners. The question illustrated the Earth, the
Moonine ght positions around the Earth, and th
Moon (see Figure 3.3)

sSun's rays

LT

You are standing
here at the position
labelled X

w
/\ Moon's

Earth ;
Q orbit
[ N\o.— a
)

=

Figure 3.3 A diagram from Question 9

5

The question asked learners to determine phases of the Moositioms 1, 4, 5, 7 and 8 as
seen from the earth shape. Learners who had used this diagram before would be in better
position to answer the question, than learners who had never used the diagram. In addition,
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learners with high spatial ability skills dououtperform learners with low spatial ability
because the question required respondents to manipulate objects in space.

i Question 10 illustrated the Pl anet Mar s, it
planet and its moons (see Figure 3.4).

I O Deimos
—_
Sunds
—_— >
—_— > O Phobos
—_— >

Figure 3.4 A diagram from Question 10

The guestion asked learners to determine the phase of Phobos as seen from Deimos. This
questions required learners to use diagrams tordeterthe shape of one spatial object as
seen from another, a skill needed to interpret diagrams illustrating phases of the Moon.
Failure to get the correct answer to this question suggested that learners would likely
struggle to interpret diagrams illuating phases of the Moon.

i Question 11 tested | earnersod6 ability to pei
spherical objects. The question illustrated the Planet Mercury in its orbital path around the
Sun. A crater (C) was illustrated on the scefaf Mercury (see Figure 3.5).

Figure 3.5 A diagram from Question 11

The question asked learners to draw the planet and its crater after a given duration of time

(in day s) , t hus i nvestigating |l earner so abili
revolutions needed to understand phases of the Moon. Failure to get a correct answer
indicated that learners would likely struggle to understand concepts requiring simugtaneo
rotation and revolution of spherical objects.

Format of the test The test consisted of five pages, a cover page and the questions in four pages
(see Appendix B). The cover page had the following sections: (a) a space for learners to write their
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namnes, (b) a question asking learners to indicate whether they had been taught about phases of the
Moon, and the grade level in which they learned about the topic, (c) information explaining
importance of the study, (d) the instructions explaining how to @anwe questions. The fepage

test was printed on both sided of an A3 sheet, which was then folded to make a booklet.

Each question had a confidence scale asking learners to indicate how certain they were about
correctness of their responses. In #ddj Questions 41 each had a visualization scale asking
learners to indicate how easy it was for them to visualize what the diagrams illustrated. The
diagnostic test consisted of spaces for learners to indicate specific problems encountered while
respading to the test.

Validation of the test:The test was contentlidated by two experts: an astronomer doing some
work with school learners on astronomy education, and an experienced science education researcher
who had interest in astronomy educatidrasked the experts to check (a) clarity of instructions, (b)
scientific accuracy of content in the test, (c) appropriateness of terminology used in the test (d)
appropriateness of multiplehoice distractors, (e) whether the test fairly covered intenoietmt,

and (f) any other issues they could find interesting. Responses from these experts resulted in
modification of instructions, simplification of language, and modification of some items. For
instance, the astronomer suggested modification of #graiin in Question 10. In this diagram, the

two moons were almost equidistant from the planet. The astronomer indicated that if this were the
case, the moons would collide as they orbit the planet.

3.4.2 The pilot study

Research methodologists recommend tesearch instruments be piloted before being used to
collect data in a study (e.g. Oppenheim, 1966; Sax, 1968). Pilot studies enable researchers to check
ambiguities in wording, so that ambiguous words can beoreled to clarify meanings (Behr,

1973; Bdl, 1987; Oppenheim, 1966). Furthermore, pilot studies enable researchers to determine
the time needed to complete a test, and to check if a test gives the type of data expected (Bell, 1987;
Sax, 1968).

| piloted the diagnostic and spatability teststo investigate (a) appropriateness of language used in
the diagnostic test, (b) clarity of instructions in this test, (c) and time needed to answer the test, (d)
time required to administer spatadbility tests, to explain instructions to the learnensl #o collect

each spatiahbility test before administering the next. | conducted the pilot study in a nearby
Englishmedium school located in town. | hoped that learners in the school would be better able to
communicate in English language than leasnerschools located out of town.

A group of 31 Grade 9 learners gathered in a school hall to answer the tests. The learners were told
about the purposes of the study. After this introduction, the learners were given the diagnostic test,
and were instrcted to complete information required on the cover page of the test (e.g. to state
whether they had learned about phases of the Moon, and to indicate the grade level in which they
learned about the topic). Thereafter, two items on the cover page wedr®ugstruct learners on

how to complete the diagnostic test and to indicate confidence and visualization levels. After this,
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the learners were asked to answer the diagnostic test. Sax (1968) recommends that respondents of a
pilot study be asked to refdifficulties encountered when answering a test. Following this advice,

the respondents were asked to state the problems they encountered while answering the test (the
diagnostic test had spaces for this).

The diagnostic test was then collected, anddghmers were given the Hidden Patterns TestCF

The learners were familiarized with instructions and requirements printed on the cover page of this
test. Furthermore, the learners used items on the cover page to practice answering the test. After
this, the learners answered the-ZEest for the duration specified on the cover page. Th2 ekt

was then collected and the learners were administered the Card Rotations-TesiAéSwas the

case with the CR test, the learners were familiarizadth requirements of the-$ test before
answering the test. Then, the Cube Comparisons Te8} {8&s administered, and the same
procedure was followed. Care was taken to ensure that no question papers remained with learners,
i.e. all the question paperused and unused, were collected.

Bell (1987) and Sax (1968) recommend that methods of data analysis be tried out after a pilot study

to investigate if items yield the type of information requirdéilhen processing data obtained from

the diagnostic test | entered | earners6 responses onto a
grade level in which they claimed to have learned about phases of the Moon, a response selected for
each question (QuestionslD), and columns indicating correctness of resps for Question 11.

Al so, | entered | earnerso6é6 confidence | evels ar
second researcher checked accuracy of entering marks into the spreadsheet. The test was scored out
of 18 as illustrated in Table 3.5.

Table 3.5 Criteria used to score the diagnostic tedt

Question Marks Notes
number
1-7 1 each| Learners select a correct answer for each question
8 1 Although learners were encouraged to make diagramsjabeaths were not
compulsory. As a result, | awarded no marks for the diagrams.
9 5 The question had five items. Each item was awarded a mark
10 1 No marks were awarded to diagrams (for the same reason as in Question 8).
11 4 1 mark was awarded for @aof the two Mercury positions. Also, one mark for e
of the Craterdés positions.
Total 18

Each spatial test was marked as recommended in the manual. That is, | counted correct and wrong
responses for each test, and used formulae recommendedeitt émrguessed responses. | entered

|l earnersd marks onto a spreadsheet, and asked ¢
and entering the marks into the spreadsheet.

% Marks were awarded for all the correct responses, even if learners indicated that they were uncertain or had
guessd the answers.
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Oppenheim (1966) argues thatpioting has to be done if questions hdeen reworded because

these might have introduced new difficulties. Althoughrhers had obtained low scores in the test,
their comments indicated that none had encountered problems with instructions and language used
in the diagnostic test. As a rdisli made no modifications on the diagnostic test.

3.4.3 Main study

Bell (1987) and Oppenheim (1966) recommend that participants of a pilot study be as similar to the
research sample as possiblEor this reason, | administered the tests to a group of @8eG9
learners in the school that provided learners for the pilot study. It was unlikely that this would
affect validity of findings because (i) no question papers had been left in possession of the pilot
study learners, and (ii) none of the learners ktieat the tests would be administered to learners
who did not participate in the pilot study.

| administered the tests to the-Barner group a week after the pilot study. The tests were placed
inside a folded A3 sheet to minimize time spent adminigjesigch test to the learners. The tests

were arranged in this order from the top: the diagnostic test, the Hidden Patterns T2kttleF

Card Rotations Test {$), and the Cube Comparisons TesR}S Two instructions were written in

bold on the A3 faler, advising learners not to open the folder until to do so, and not to change the
order of tests in the folder. The instructions of each test were read to the learners (as was the case
with the pilot group). After answering the first test, learner& tbe next test from the folder until

all the tests had been answered.

Two days later, | administered the following spatial tests to thied&®er group: the Form Board

Test (VZ1), the Paper Folding Test (V2), and the Surface Development Test {3)Z The tests

were placed in an A3 folder, and again learners were advised not to open the folder until they were
told to do so, and not to rearrange tests in the folder. The instructions for each test were followed
during administration, and each test walected before learners answered the next test.

The fact that no modifications had been made on the diagnostic test, and the fact that the main study
was conducted in the school that was used to pilot the diagnostic test, meant that data obtained from
the pilot study could be used together with the data obtained from the larger group. As a result, the
three spatiahbility tests (VZ1, VZ-2 and VZ3) were administered to the -Bdarner group which

had participated in the pilot study. This administrativas done a week after the tests had been
administered to the 6earner group.

Table 3.6 illustrates steps taken to enhance internal validity of inferences that would be made from
the data. Data from the tests was processed in the same way asithbtdimed during the pilot

study. That is, the tests were marked and entered onto a spreadsheet. A second researcher checked
accuracy of marking and entering marks onto the spreadsheet. Analysis of data showed that only 75
learners had completed alletbests. This number formed the total sample in the study. The results
obtained from these learners were used to select learners for the interviews (see Chapters 4 and 5
for details).
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Table 3.6 Minimizing threats to internal validity on diagnostic and spatialability tests

Threats Impact of threats in the study

History No uncontrolled events occurred during the conduct of the study.

Some participants missed some tests as the testsaghaninistered in a total of four
Subject attrition | sessions. However, the sample obtained was large enough to enable me to find
learners who would participate in interviews.

Al'l the tests were administeredshot t
break. This consistency was aimed to increase reliability of data obtained from t

Maturation participants. In addition, each testing session lasted for about an hour, to minim
possibility of participants becoming tired or losing interest.

Experimener The learners were told that information obtained from the tests would help impro

and subjects teaching and learning of science, not for their assessment. It was hoped that this

effects ease |l earnersd (possible) excitement

3.5 Diagram Analysis

This part of the study employed content analysis, defingdeasvaluation of written and/or visual

data in documents.g. in newspapers, diaries, budgets, lesson plans, and textbooks (Anderson,
1998; Fraenkel & Wallen, 1990; van Da)el973). | used content analysis to evaluate accuracy of
information presented in diagrams illustrating phases of the Moon, and the extent to which the
diagrams complied with visual design principles.

3.5.1 Obtaining the books

Several publishers were inforoheabout the purpose of the study. These publishers provided
textbooks designed for learners in Grades 4 to 12, both i8dbil ScienceandNatural Sciences
learning areas. More books were obtained from nearby bookshops. In total, 52 books were found
to have information dealing with astronomical concepts (day and night, seasons, phases of the
Moon and eclipses). However, only 27 of these books had diagrams illustrating phases of the
Moon. Four of these books (from one publisher) had the same diagkam result, only one of

these diagrams was analyzed in the study. This reduced the number of books from 27 to 24, and
resulted in 28 diagrams (four books each used two diagrams to illustrate phases of the Moon, as
shown in Appendix C).

| examined digrams, text, and activities intended to help learners understand concepts associated
with phases of the Moon in the 24 books. A second researcher checked accuracy of this analysis.
In addition, | conducted a detailed analysis of diagrams presentedhirbeak. First, | numbered

the books from 1 to 24 depending on complexity of the diagrams. | considered simpler diagrams to
be those illustrating phases of the Moon only, and considered complex diagrams to be those
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illustrating the Sun, the Earth, the Mo® s orbit, and phases of t he
criteria used to number the books.

Table 3.7 Criteria used to number the 24 books

Criterion Number of Book

books Numbers
Diagrams showing phasesthe Moon only 10 1to 10
Diagrams showing the Earth, the Moon in its orbital path around the E

1 11

and phases of the Moon
Di agrams showing the Sun (or Su
orbital path around the Earth. 2 12&13
Diagrams showing the Sun, the Earth, the Moon in its orbital path arof 11 14 to 24
the Earth, and phases of the Mon

Table 3.8 illustrates components of each diagram, and grade level for which each book was
intended. A second researcher checked acguwhinformation presented in Tables 3.7 and 3.8.

Table 3.8 shows thd&@ooks 14, 15, 21 and 22 each used two diagrams to illustrate the concept of
moon's phases. In each book, one of the diagrams illustrated the Sun, the Earth and the Moon in its
orbitd path around the Earth, while the other diagram illustrated phases of the Moon. | used letters
(a) and (b) to differentiate between the two diagrams; the letter (a) indicates the diagram which
appeared first in the book (e.g. Diagram 14a indicatesr$tedfagram in Book 14).

3.5.2 Design of diagram-analysis instrument

Thompson (1994) argues that design principles are not fixed rules, but can be altered depending on
context and circumstances. | used all the principles that appeared to be applicabigaimdia
when designing the analysis instrument. A second researcher checked the instrument, and
suggested some modifications on the instrument. Then, | used the instrument to analyse the first
diagram. The second researcher checked application of thepf@gto the diagram, made
suggestions about how to apply the principles, and further suggested modifications to the
instrument. For example, it became clear in the course of the analysis that some problems found in
diagrams could not be easily solveddiggrams designers (e.g. it would be difficult to illustrate the
Moondés or bi%t oast htei |IRaerdt hadts Sor bi t) . This prompt
error that could have been avoided by artists of diagrams. The second researcherasfagkisd

of each diagram, and suggested modifications to the instrument to cater for all issues emerging from
the analysis. Thus, the instrument was improved after analysis of each diagram, so that the
instrument was finalised after all the diagrams heehbanalysed.

® These books were ordered according to the number of Moon phases illustraietuetied
* The books were ordered according to the number of Moon phases, the number of Moon positions and the number
labels.
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Table 3.8 Components of diagrams in the 24 books

Lunar positions Lunar phases
Book Grade Sun | Earth
A|B|C|ID|E|F|GIH|A|B|C|D|E|F|G|H
1 4 VIV \" \"
2 5 \'% \% \' \'%
3 6 V|V \' \'%
4 8 14 unlabelled shapes
5 7 V|V V|V]|VI|[V]|V]|V
6 5 V|V V|V]|VI|[V]V]|V
7 6 VIV]|V \' V|V
8 5 V|V V|V]|VI|[V]V]|V
9 8 11 shapes
10 8 V|V V|V]|VI|[V]V]|V
11 4 \ \ \' \'% \% \'% \'% \' \'%
12 5 \'% \' V|V V|V]|VI|[V]|V]|V
13 7 \'% \' V|V V|V]|VI|[V]V]|V
" 4 VIV (V|V]|VI|[V]|V]|V
\'% \' \'% \' \'% \
V|V V|V]|VI|[V]V]|V
15 ° \'% \'% VIV|[V ]|V V]|V ]V]|V
16 5 \'% \' \' \' \'% \' \'% \'% \' \'%
17 4 \'% \ VIV|VI|VI|VI|V]|V]|V |V \% \' \'%
18 6 \'% \' VIVI[V ]|V V]|V|VI|V|V|[V]|V|V]|V]|V]|[V]V
19 4 \'% \ VIVIV |V V|V|VI|V|V|[V|V|V]|V]|V]|[V]V
20 6 \'% \' \' \' \'% \% V|V V|V]|VI|[V]V]|V
1 . \'% \ VIV|[V ]|V V]|V]V]|V
V|V V|V]|VI|[V]V]|V
27 . V|V V|V]|VI|[V]V]|V
\'% \' VIV|[V]|V|V]|V]|V]|V
23 7 12 shapes 12 shapes
24 8 v] v Jv|v|v]v|v]v]v]|viv]v]|v]v]v]|v]v]vV
Key A ‘ New Moon B ‘ Waxing Crescent C ‘ First Quarter D ‘ Waxing Gibbous

E ‘ Full Moon F ‘ Waning Gibbous G ‘ Last Quarter H ‘ Waning Crescent

When modifying the instment, | excluded some principles which appeared to be irrelevant to
diagrams analyzed in this study. Table 3.9 explains why | considered each principle to be irrelevant
to this study.
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Table 3.9 Reasons forexcluding some design principles from this study

Principles Reason for exclusion
.| Processing Parts of a diagram that carry t_he main | No components of theabrams
Syntactic| .~ message should have more visual weig
priorities so that they can easily attract the eye should stand out from the rest.
Intended reader must have knowledge | The diagrams are designed for
. | Schema . :
Semantic . ... | needed to understand the diagram. learning purposes. Thus, they can U
availability .
concepts unfamiliar to learners.

Some semarntiprinciples appeared to be relevant, but needed some modification to fit context of
the study. Table 3.10 explains the reasons for modifying each principle.

Table 3.10 Reasons for modifying some semarttidesign principles

Principle Reason for modification

Intended meaning of a mark should
Representativenesy correspond to the spontaneous
interpretation of the mark.

These principles appear to focus on-on
ambiguity of marks. The principles have been
modfied to make one principle: NON

Betwgen level Each _mark should have only one AMBIGUITY
mapping meaning

Surface compatibilityThe

appearance of lines and regions

should be compatible with their The principle appears to be suitafile graphs
Congruence meaning. and charts. To comply with diagrams, it has b

Ordering Pairs of words should be | modified to be SCIENTIFIC ACCURACY
ordered in accordance with natural
usage.

Appendix D shows a complete set of the design principles used to analyzagttaend.

3.6 Interviews

Interviewsinvolve direct communication between interviewers and respondents (Anderson, 1998;
McMillan & Schumacher, 1993). Interviewers ask questions and record responses from
respondents (Anderson, 1998). Table 3.11 illustratkmntages and disadvantages of interviews
(discussed by Cohen & Manion, 1995; Fraenkel & Wallen; 1990; McMillan & Schumacher, 1993;
Oppenheim, 1966; Sax, 1968).

In this study, | conducted interviews to deeply investigate meanings that learners ascribe to
diagrams illustrating phases of the Moon. The interviews enabled me to clarify questions to the
learners, and to probe responses given by the learners. In addition, the interviews enabled me to
build and maintain rapport with the participants. For eXampne learner who appeared to be
nervous in the beginning of the interview opened up and became at ease as the interview
progressed. Furthermore, interviews enabled me to investigate the extent to which models could
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help the learners to clarify theirdds about diagrams illustrating phases of the Moon. Thus, | used
interviews because of the rich data they provided, despite the disadvantages discussed in Table
3.11.

Table 3.11 Advantages and disadvantagesf interviews

Advantages Disadvantages

1 Interviewers can clarify questions because of their | 1  Travelling to respondents and usage
interaction with respondents, and this improves the data recording technology make
validity of responses obtained. interviews relatively more expensive

1 The interaction enables interviewers to probe than questionnaires.
responses given by respondeatsy also enables 1 Itis generally timeconsuming to
respondents to clarify their responses. This allows conduct interview and to analyze
interviewers to better understand answers given by interview data.
respondents. 1 Respondents may be uncomfortable g

1 Interviewers can build and maintain rapport with unwilling to report their own feelings i
respondents to keep them motivated. a faceto-face interview.

1 Interviews make it easier fegecond language speakg 1  The process of learning to conduct
(who struggle to write in a foreign language) and les satisfactory/good interviews is long ar
literate subjects to clarify their ideas. difficult. Inexperienced and poorly

1 Interviewers can observe nerrbal responsee . trained interviewers may, for example
demonstrated answers and time taken to respond). ask leading questions and misinterpre
Non-verbal responses give addital information responses given by the respondents,
which cannot be obtained from the use of which may lead to data of questionab
questionnaires. validity.

The interviews were conducted 12 months after learners had completed the diagnostic aind spati
tests. This is because of a lot of work that was required in (i) processing data obtained from the
diagnostic test and six spatial ability tests, (ii) careful selection of learners for participation in
interviews, and (iii) construction of the intervieschedule. The learners had not learned about
phases of the Moon since completing the diagnostic test. Thus, their subject matter knowledge in
this field remained unchanged. Nevertheless, some of the learners considered to be ideal for
interviewing wee no longer in the school. However, the large sample of learners enabled me to
find ten learners who were suitable to participate in interviews (see Section 5.5, p 131 for details).

3.6.1 The interview schedule

Fielding (1993) and Punch (2005) discuss thyped of interviews: structured, sestructured, and
unstructured interviews.

1 Structured interviewsResearchers prepare interview questions and possible probes in advance.
Interviewers ask questions in the same order, using the same wording to aldesgpo The
interviewers may record responses by ticking a clmeakk of predetermined responses.

1 Semistructured interviews Researchers prepare interview questions and possible probes in
advance, but only as a guide. Interviewers are free to mqd#gtions (e.g. to paraphrase the
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guestions) depending on circumstances. The-epded nature of questions and responses may
require interviewers to use recording devices (e.g. video and tape recorders).

1 Unstructured interviews Interviewers know thenseon which to ask questions, but they ask
guestions in a way that best suits the situation. That is, no questions are prepared in advance.
Recording devises are a necessity because of theemplenl nature of these interviews.

When undertaking this @y, it was important for me to prepare questions and probes before
conducting the interviews. In addition, | believed that the questions had to be adapted to suite
existing conditions. As a result, the interviews conducted in this study weressentired in

natur e. I designed the interview schedule to
illustrating phases of the Moon. The sestructured nature of these interviews enabled me to

clarify questions to the respondents, and to probe resp@igen by the learners.

3.6.2 Preparation for the interviews

The interview was designed so that learners would give verbal responses, make some drawings, and
use models when interpreting the diagrams. Voshiadou and her colleagues warn that presentation
ofmodel s can bias | earners6 responses towards s
have been exposed to, even if learners did not understand these ideas (Vosniadou, Skopeliti &
Iskopentaki, 2004, 2005). To avoid this possible bias, | presembeleéls towards the end of the

interview when learners had responded to the majority of questions. The following objects were
designed to be used as models during the interviews:

1 Eight shapes representing phases of the Moon were cut out from Diagrawh&dbillustrates
phases of the Moon as seen from the northern hemisphere. Table 3.12 shows the eight shapes,
henceforth referred to as eotit moon shapes.

Table 3.12 Shapes of the Moon cut from Diagran1b

New
Moon

Waxing
Crescent

First
Quarter

Waxing
Gibbous

Full
Moon

Waning
Gibbous

Last
Quarter

Waning
Crescent

D

®

O

1 A white polystyrene ball of about 4 cm diameter was obtained. Half of the ball was coloured
black while the other half remmed white.

1 A circular paper of about 4 cm diameter was cut out from a white A4 sheet. Half of the paper
was coloured black while the other half remained white.

The semistructured nature of the interview and the fact that diagrams and models wdre us
required the interview to be video taped. A postgraduate student agreed to be the camera person for
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the entire session of interviews. He practiced using the camera before the actual interview sessions
to be familiar with manipulating components of ttanera.

3.6.3 Piloting the interviews

The school provided an office to be used as a venue for the interviews. The school administration
indicated that the door of the office had to remain open throughout the course of the interview (and
hence a need to monitaoise from outside). The first learner entered the interview room, and the
interview proceeded as planned in the interview schedule. After this interview, the camera person
commented on the nature of the interview and pointed out issues to be improvdthe second
learner then entered the interview room, and the same procedure was followed.

| transcribed video tapes of the two learners. The camera person assisted with the transcription
where the quality of sound was poor (e.g. because of noiseolntsite). | analyzed the results to
evaluate the extent to which the analytical framework could be used in the data. | made a table with
columns indicating |l earnersdé statements, what
the diagram, ah hints learners used to make this interpretation. | got the camera person to
comment about accuracy and consistency of this coding. He generally agreed with the coding but
made some minor suggestions. For example, one of the two learners appeangactrtaé as to

what the moon shapes and the curved arrows represented in Diagram 24. This learner said that the
arrows indicated movement from Full Moon to New Moon, but insisted that the Moon does not
move. The camera person suggested that both respdesrecorded to indicate that the learners
gave both a correct and a wrong response (and | adopted this when coding data obtained in the main

study).

Table 3.13 describes some problems encountered during the interviews, and some steps taken to
solve thee problems.

Table 3.13 Problems encountered while piloting the interview schedule

Problem Solution

The quality of visuals was somewhat poor because of li The shool provided curtains to solve this
shining on the table through the window. problem.

There were a lot of materials on the table that was useq The owner of the table agreed to remove
interviews materials from the table.

The interview sessions lasted 25 minutes and 26 minutes tigshedor the two learners. This
gave idea about the number of tapes that would be required during the main study.

Learners appeared to have no problems with the interview as structured. As a result, no
modifications were made on the interview schedulhus the interview schedule was used in the
main study.
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3.6.4 The main study

The interview proceeded as indicated in the interview schedule. Table 3.14 illustrates the order in
which the learners participated in the interviews (Section 5.5, p 131 destidbv spatial ability
scores were used to select these learners).

Table 3.14 Learners who participated in the interviews

Order of interview Pseudonym Interview date
1 Lehana 17 September
2 Masilo 17 Septenber
3 Selomo 17 September
4 Makalo 17 September
5 Lisebo 17 September
6 Seboka 17 September
7 Fumane 19 September
8 ‘Mamosa 19 September
9 Karabo 08 October
10 Motena 08 October

Table 3.15 illustrates possible threats to internal valigfitdata obtained from the interview.

Table 3.15 Possible threats to internal validity of data obtained from interviews
Threats Explanation

An intercom system was used to indicate time for exchaof classes, and to ma
announcements. This affected the flow of interviews. In addition, the alarm of the ing
system affected the quality of the audio being recorded.

History
There was too much noise from the outside during exchange of classes|ggriiecause
the interview venue had to be open at all times. The interview was stopped for a few 1
to allow noise to subside.
. Some learners considered to be ideal for interviewing were no longer in the school
Subject L ;
attrition others hadot consented to being interviewed. Thus, some of the best learners co

participate in the interviews.

Each interview was designed to be short enough so that the participants would not ge
lose interest.

Maturation | | earners had not leaed about phases of the Moon since they completed the diagnost
Thus, their subject matter knowledge in this field remained unchanged. This howeve
not be the case if learners interacted with this knowledge outside the classroom.
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Processing data obtained during the interviews

Fielding (1993) indicates that researchers can either write everything said by respondents (i.e.
verbatim transcription) or write only facts considered to be important (i.e. selective transcription).
He argueshat verbatim transcription provides rich data which allows researchers to see patterns
that could be missed if selective transcription was used. He acknowledges that verbatim
transcription is time consuming, and suggests that the number of transcrgstmuid determine
whether to transcribe verbatim or selectively. He recommends verbatim transcriptions for smaller
samples (e.g. less than 20). Although there are services that help to transcribe data, he advises
researchers to do the transcription whemepossible. He argues that this helps researchers to be
familiar with the data, and to see patterns during transcriptions.

Following on this advice, | transcribed all the video tapes (this helped to maintain consistency,
which could enhance reliabilitgf data). | used verbatim transcription for verbal responses, and
used words to explain nererbal responses (e.g. manipulation of models). The camera person
helped during the transcription, particularly in instances where the quality of sound wasmaery

Il noted the following issues about | earnerso re

1 The learners made verbal statements when interpreting the diagrams. However, they sometimes
used gestures and hand movements to supplement verbal responses, e.g. indicating the direction
oft he sunés rays or the Moonds orbit.

1 Sometime learners used inappropriate terminology when interpreting the diagrams, e.g.
referring to the Earth as the world, referring to phases of the Moon as types of moon, and using
inappropriate terminology when refeng to individual phases of the Moon (e.g. calling them
quarters of the Moon). Despite language difficulties observed in these responses, it was easy to
understand responses given by the learners (and to understand what they saw when looking at
the diagrans).

1 Some learners changed responses in the course of the interview. Sometimes learners changed
responses in a way suggesting that the first response was slippery of the tongue. | recorded the
second response that appeabouewhatthediagremmdiustsater at e
At other times, however, learners gave responses with justification, but changed when asked
further questions about the response. | recorded both responses in such cases.

When analysing the data, | made a table witbo | umns i ndicating | earners
statements meant about | earnersd interpretation
interpretation. |1 got the camera person (who had experience of teaching this topic) to comment

about acaracy and consistency of coding responses from two of the ten learners. His responses
helped me to finalise the coding of responses obtained during interviews. For example, he insisted
that | indicate instances where learners gave correct responsededespig inappropriate
terminology (e.g. referring to phases of the Moon as types of Moon). | did not calculate interrater
reliability because of the nature of the study. That is, the study was conducted by one researcher
who used the same criteria toopess and analysed data obtained from interviews. Interrater
reliability is deemed necessary in research where multiple raters process data independently and
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then compare their results to evaluate consensus and consistency of coding the data (see for
exanple Stemler, 2004).

3.7 Ethical Issues

The following ethical issues were followed in the study.

1 Application was made to the Educational Testing Service (ETS) for license to use tests from the
Kit of FactorReferenced Cognitive Testeveloped by Ekstrorat al. (1976) at the institution.
Appendix F shows the license granted by the ETS for usage of the tests in the current study.

The agreement between the researcher and the ETS was that the tests would be administered by
December 2007. | complied withishcondition by administering the tests in July 2007.
Another agreement was that the tests would not be included in the research report. | have
complied with this condition as well. That is, | have attached cover pages of the tests in
Appendix A but nbthe actual tests.

1 Data for the study was obtained from a school under the jurisdiction of Gauteng Department of
Education (GDE). Application was made to the GDE asking for clearance to collect data in the
school. Appendix F shows a clearance letteantgd to the researcher by the Gauteng
Department of Education.

1 Application was made to the University Human Ethics Research Committee (HERC) for
clearance to conduct research involving human participants. The application form was
accompanied by consefdrms which have been used in the study. Appendix F present the
clearance | etter obtained from the universityd¢

3.8 Reflection on the methods

| administered the diagnostic and spatial tests to two groups of learners iedsions for each

group. Some learners participated in only one of these sessions. As a result, | discarded incomplete
data obtained from these learners. Some of these learners had obtained very high scores in the few
tests that they answered. It is pide that incomplete data made me discard learners who would be
suitable to participate in interviews. It would have been advisable to administer the tests in fewer
sessions. However, time constraints did not allow me to administer all the sevem tests i
session for each group of learners. Also, it was not practical to administer all the tests in one sitting
(the learners would be tired before answering some of the tests).
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Another methodological issue is that | conducted interviews a year aftiratiners had answered

the tests. As a result, some of the learners suited to participate in the interviews were no longer in
the school. It would have been advisable to conduct interviews when learners were still in the same
classes, as all would be akadile for interviews. A further problem associated with conducting
interviews after such a long time is that, although learners did not formally learn about phases of the
Moon during this time, they might have encountered this knowledge outside cla$sknBwledge
would affect validity of results obtained in
interviews indicated that if they encountered this knowledge, the knowledge did not enhance their
understanding of concepts associated with phastbe dfloon.

| have indicated earlier in the chapter that | usedprobability sampling in the study (Section 3.2,

p 59). | further indicated that this method has some limitations, e.g. (i) samples are not necessarily
representative of populations, anijl ¢amples might be biased when people volunteer to participate

in research. These limitations had no impact on the study because the aim of the study was to
understand characteristics of participants, not to generalise findings to the population ortievh
sample was taken.

3.9 Summary

This chapter has discussed the research paradigm on which the study was based, issues associated
with rigour, selection/design and administration of data gathering tools (spatial and diagnostic tests,
the diagram analysiinstrument, and the interview schedule), and methods used when processing
data obtained from administration of these instruments. The next chapter presents results obtained
from administration of spatial ability tests.
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Chapter 4 Di agnostic test

4.1 Introduction

This chapter presents results obtained from analysis of the diagnostic test. Section 4.2 presents

| earnersd claims regarding | earning about phas:¢
knowledge statements used to design the diagnestic Sections 4.4 and 4.5 present itagyitem

analysis of responses to questions in the diagnostic test, indicating the extent to which learners
appeared to understand concepts and skills tested in each question. Section 4.6 presents an answer

to thesecond research question. Section 4.7 discusses the extent to which ten learners selected to
participate in interviews understood concepts associated with phases of the Moon.

4.2 Learners claims regarding learning about phases of the Moon

The cover pagef the diagnostic test had a question asking the learners to indicate whether they had
learned about phases of the Moon, and to indicate the grade level in which they learned about the
topic. This section presents responses given by the 75 learners nitipatad in this study.

Twenty two learners indicated that they had learned about the topic in primary school. The
curriculum requires Intermediate Phase learners to know the sequence of moon phases and to
understand that the motion of the Moon relatvehe Earth and the Sun causes these phases. The
curriculum further requires Senior Phase learners to know that motions of the Earth and the Moon
explain several concepts including phases of the Moon. It has to be borne in mind that the
Intermediate Pase and the first Grade of the Senior Phase (Grade 7) are in primary school. This
shows that the topic can be taught only in primary school, covering content prescribed for both
Intermediate and Senior Phases (since the curriculum does not stipulatediaéegel in which the

topic has to be taught). It is not surprising, therefore, that some learners might learn about the topic
in primary school and never again in high school.

Forty six learners indicated that they had never learned about phakedMddn. This is worrying

because the topic is supposed to be taught both in the Intermediate and senior phases, and is found

in books designed for use in Grades 4 to 8. If the Grade 9 learners had never learned about phases

of the Moon, then teachers bbth the Intermediate and Senior phases skipped phases of the Moon
when teaching about 6The Pl anet Earth and Beyon

Three learners could not remember whether they had learners about phases of the Moon, while four
indicated that they had learned abouagds of the Moon in Grades 8 and 9 (in the school where
data was collected). Itis very unlikely that only four of 75 learners could have been taught the topic
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in the school. As a result, | conclude that that the learners were never taught abouictiisthop

school (Grades 8 and 9). If the learners had never learned about phases of the Moon in primary
school (as their claims suggest), then we should expect their content knowledge would be low in
this topic.

4.3 Propositional knowledge statements

The following section presents propositional knowledge statements associated with the Earth, the
Sun and the Moon.

4.3.1 The Earth-Moon-Sun system

The Sun is at the centre of the solar system, surrounded by planets and their satellites. The Sun
radiates lightnd ot her forms of energy in al/l directio
on the planets and their satellites. These rays appear to be parallel by the time they reach the
planets (because the planets are so small as compared to the Sbhecaue the rays will have

travelled long distances).

The Earth, being one of the planets, orbits the Sun once in 365% days. In addition, the Earth spins
on its axis once in 24 hours. The Sun and the Moon appear to rise in the east and set irathe west
a result of this spin.The Moon changes position relative to the Earth, the Sun and the stars in the
course of a month. That is, if we imagine the Moon located in a certain position relative to the
Earth and the Sun, and among the stars; the Moos k& days to orbit the Earth and get back to

the same position relative to the stars (the duration known as the sidereal month). However the
Moon needs to take a longer journey to get back to its original position relative the Earth and the
Sun becausthe Earth changes position relative to the Sun in the course of a month. The period of
the Moonédés orbit around the Earth to get back
known as the synodic month, takes 29.5 days. The Moon rises abtms680ninutes later as a

result of its orbit around the Earth.

The Moonbés orbital pat h°tar athred etchd pEarct ( tihe tpil
orbital path around the SunThat is, if the EartfSunsystemis drawn on a horizontal plase that

the Earth orbits the Sun in this plane, the pl .
be drawn at 5from the horizontal plane. This implies that the Moon is not precisely in line with

the EarthSunsystem This, in turn, suggesthat the Earth only rarely casts a shadow on the Moon

(which explains why eclipses occur only rarely).

The direction of the Moonds orbit depends on tl
the southern hemisphere, the Moon appears to tiEarth in a clockwise direction (see Figure
4.1).
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Figure 4.1 Direction of the Moon's orbit as seen from the southern hemisphere

For viewers in the northern hemisphere, M@on appears to orbit the Earth in a counter clockwise
direction (see Figure 4.2).
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Figure 4.2 Direction of the Moon's orbit as viewed from the northern hemisphere

The Morialdpath around the Earth appears to be almost circular when seen from one of the
poles (as illustrated in Figures 4.1 and 4.2). However, this orbital path appears to be an oval if
viewed at some angle from the poles.

4.3.2 Phases of the Moon

Figures4 1 and 4.2 show that the Sun illuminates ha
time. The Moon can be seen from Earth if part of its illuminated surface reflects sunlight towards
the Earth.
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Figure 4.3 illustrates the Moon in 8 positions on athital path around the Earth, and shows
corresponding phases of the Moon. Figure 4.3a illustrates phases of the Moon as seen from the
southern hemisphere while Figure 4.3b illustrates these phases as seen from the northern
hemisphere.

_— South North 7
Pole 3 Pole
— o D~ s D
Sunés ra O O O O
r - \ /
—— o > o >
Sunds ra
—_ \ Earth j \4 Earth }
- > D D @ D
8 wo <« 6 2 NS D -~ 4
., d
7 3
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
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Figure 4.3 Moon phases as seen from (a) the southern hemisphere and (b) the northern hemisphere

The following discussion describes phases of the Moon as seen from Earth when the Moon is in
each of the eight positions in its orbital path around the Earth.

1 New Moon: This phase occurs when the Moon is in Position 1. The illuminated surface of the
Moon faces away from the Earth and therefore reflects sunlight away from the Earth. As a
resut, the Moon is not visible from the Earth during this phase. This phase marks the
beginning of the lunar cycle (hence the naxesv Mooi).

1 Waxing Crescent This phase occurs when the Moon is between Positions 1 and 3, and it lasts
for about 7 days and®ours. During this phase, less than half of the illuminated surface of the
Moon faces Earth and therefore reflects sunlight towards the Earth. As a result, the Moon
appears to be crescestiaped as seen from the Earth. The crescent appears to belaftr the
hand side of the Moon (facing the rigtdind side) as seen from the southern hemisphere (see
Figure 4.3a). On the other hand, the crescent appears to be on thendlgide of the Moon
(facing the lefthand side) as seen from the northern hengisplsee Figure 4.3b).

1 First Quarter: This phase occurs when the Moon is in Position 3. Half of the illuminated
surface of the Moon faces the Earth and therefore reflects sunlight towards the Earth. As a
result, viewers on Earth see half of the Modrhis half appears to be on the {atind side of
the Moon (facing the rightand side) when seen from the southern hemisphere. However, the
half appears to be on the rigind side of the Moon (facing the Wsfand side) when seen from
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the northern hemphere. The phase is calledst Quarterbecause the Moon has travelled the
first quarter of its orbital path.

Waxing Gibbous: This phase occurs when the Moon is between Positions 3 and 5, and it lasts
for about 7 days and 9 hours. During this phasare than half of the illuminated surface of

the Moon faces Earth and therefore reflects sunlight towards the Earth. The Moon appears to
be gibbousshaped as seen from the Earth. The gibbous shape appears to be orhtrelleft

side of the Moon (facinghe righthand side) as seen from the southern hemisphere, and to be
on the righthand side of the Moon (facing the Kiand side) as seen from the northern
hemisphere.

Full Moon: This phase occurs when the Moon is in Position 5. The entire surftoe Mgioon

il luminated by the Sunbés rays faces the Earth
The Moon appears to be a complete circle as seen by viewers on Earth (hence theilhame

Moon).

Waning Gibbous: This phase occurs when the Moorbe&tween Positions 5 and 7, and it lasts

for about 7 days and 9 hours. During this phase, part of the illuminated surface of the Moon is
now facing away from the Earth, and therefore reflects sunlight away from the Earth. Like in
Position 4, the Moon agars to be gibboushaped as seen by viewers on Earth. However, the
gibbous appears to be on the riglaind side of the Moon (facing the Kiidnd side) as seen

from the southern hemisphere, and on theHafid side of the Moon (facing the righand

side) as seen from the northern hemisphere.

Last Quarter: This phase occurs when the Moon is in Position 7. Half of the illuminated
surface of the Moon faces away from Earth and therefore reflects sunlight away from the Earth.
Viewers on Earth see onhali of the Moon. This half appears to be on the rlggntd side of

the Moon (facing the lefhand side) as seen from the southern hemisphere and to be onthe left
hand side of the Moon (facing the rigteind side) as seen from the northern hemisphere. Th
phase is calledlast Quarterbecause the Moon has travelled three quarters of its orbital path
(and has to travel one quarter to complete its orbit).

Waning Crescent: This phase occurs when the Moon is between Positions 7 and 1, and it lasts
for about7 days and 9 hours. During this phase, less than half of the illuminated surface of the
Moon faces the Earth and therefore reflects sunlight towards the Earth. Like in Position 2, the
Moon appears to be crescataped as seen from the Earth. Howether crescent appears to

be on the rightand side of the Moon (facing the Kiand side) as seen from the southern
hemisphere and on the Kfand side of the Moon (facing the rigiind side) as seen from the
northern hemisphere.

Figure 4.4 summarizesne lapse between phases of the Moon.
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Waxing Waxing Waning Waning
Crescent Gibbous Gibbous Crescent

N >3

7 days, 9 hrs 7 days, 9 hrs 7 days, 9 hrs 7 days, 9 hrs

New First Full Last New
Moon Quarter Moon Quarter Moon

Figure 4.4 Time lapse between phases of the Moon

These propositional knowledge statements were used during the design of the diagisosti
presented in Appendix B.

4.4 Results obtained from the diagnostic test

Questions 1 to 10 consisted of multigleoice items while Question 11 required learners to make
drawings. Each question had a section requiring learners to indicate theintgemtzout the
responses. In addition, Questions 8 to 11 (which had diagrams) had questions asking learners to
indicate the extent to which they were able to visualize what the diagrams illustrated.

When presenting resul t andcdnfidahiedewels $oseadh guestioneins 6 r ¢
addition, [ present | earnerso6é visualization abi

4.4.1 Question 1°

This question investigated | earners6é understan
phases. Understandinghis duration would help learners to understand why phases of the Moon
change in a 6predictable wayd as required by th
A complete cycle ophase of the Mooroccurs once ir] How sure are you that your answer is correct?
c 27.3days
c lamsure
c 28.0days
c 29.5days c |Ithink so
¢ 30.0days :
¢ | am guessing
¢ 31.0days

® In this and subsequent quesipthe symbol * indicates a correct response
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Tabl e 4.1 il lTustrates |l earner so responses to
confidence levels on responses given for this question.

Table 4.1 Learners' responses to Question 1

Distractors Number of learners (N = 75)
27.3 days 4
28.0 days 20
29.5 days 18
30.0 days 12
31.0 days 21

Table 4.2 Learners' confidence m responses given for Question 1

Confidence level All learners (N = 75) learners who selected the correct response (N = 18)
| am sure 9 2
| think so 46 8
| am guessing 20 8

Table 4.1 shows that only 18 learners selected the correct response quehtion. Table 4.2

shows that only 2 of these learners claimed to be sure about their responses. These results suggest
that only two learners knew the exact duration of the complete lunar cycle. This question tested
factual knowledge that learnersvieato be told. The fact that learners were not taught about phases

of the Moon helps to explain why the majority did not know the duration of the complete cycle of
moon phases.

Performance of learners who participated in the current study is much |lamethih performance

of Israeli high school students who had never been taught about astronomy concepts, where 58% of

448 junior high school students (Trumper 2001a) and 70% of 378 senior high school students
(Trumper, 2001b) selected the correct answer.wélder, there exist some differences between
guestions asked in the <current study and | sr a:
duration of theMo o n 6 s araumdhhie Earth while the current question was about duration of the

cycle of lunar phases Secondly, Trumper asked students to select an alternative that best
estimatedt he duration of the Moonés orbit around th
mont h, and year) . The majority of Thetcure@nt s s e
study, on the other hand, asked students to seleekaat duration of a complete cycle of lunar

phase from distractors that were very close to a month (27.3 days, 28 days, 29.5 days, 30 days, and

31 days). Poor performance in this quesBaggests that the question was more challenging than

the question asked by Trumper. Lastly, Trumper did not ask participants to indicate their
confidence on the responses for this question. As a result, we do not know the number of learners

who guesseche correct answer.
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4.4.2 Question 2

Thi s
question

guest.

on
investigated

i nvestigated |

| earner so

earner sbo

under st andi

ng

under stand

(

Earth as required by theiciculum.

set in the west daily. This is because
c the Moon revolves (circles) around the Earth

the Earth rotates (turns) on its axis
the Earth revolves (moves) around the Sun
the Maon rotates (turns) on its axis
the Moon revolves (circles) around the Sun

When viewed from the Earth, the Moon appears to rise in the eas

answer is correct?
¢ |amsure
¢ |think so

¢ |am guessing

How sure are you that your

Tabl e 4 . 3 il lustrates

| earner so

confidence levels on the responses given for this question.

Table 4.3 Learners' responses for Question 2

reseoansesar noer s

Distractors Number of learners (N = 75)
the Moon revolves (circles) around the Earth 27
the Earth rotates (turns) on its axis 21
the Earth revolves (moves) around the Sun 17
the Moon rotates (turns) on its axis 3
the Moon revolves (circles) around the Sun 7

Table 4.4 Learners' confidence on responses given for Question 2

Confidence level All learners (N = 75)

Number of learners (out of 21 who selected

the correct response)

| am sure 24 8
| think so 44 11
| am guessing 7 2

Table 4.3 shows that 21 learners selected the coespbnse for this question. Table 4.4 shows
that only eight of these learners claimed to be certain about correctness of their respbinses.

question tested factual knowledge taught in schools.

claims that théearners were not taught about phases of the Moon in this school.
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Poor performance in this question corroborates results found by Plummer and her associates (2009a,
2009b, 2010, and 2011) and OgRekiroglu (2007) which show that some learners anesprgce

teachers have misconceptions about the rising and setting of the Moon. For example, only 14% of

36 preservice teachers who participatedinOgar ki r ogl ubés study knew t hat
East and sets in the west. Six percent of these teashiel that that the Moon rises in the west and

sets in the east, while 36% said that the Moon does not rise and set. AlthougBe&Rgaglu did

not investigate reasons for rising and setting of the Moon, her study shows that some people have
poor concptual knowledge about facts associated with the rising and setting of the Moon.

Pl ummer 6s research also shows that some peopl
moonset. For example, some of the participants in her research gave responsasdtigaeé)

the Moon does not move, but is fixed in one location in the sky, (ii) the Moon does not rise and set,

but circles the sky, and (iii) the Moon rises and sets at the same location in the horizon.

4.4.3 Question 3

This question investigatedleamns 6 under st anding of time | apse be
time | apse is part of the predictable nature o
learners to understand.

If the Moon is in thdast quarter phase on the"7of November, onwhat | How sure are you that your
day (approximately) will the Moon Hall ? answer is correct?

¢ November 14
¢ lamsure

¢ November 21
¢ November 28 ¢ |think so
¢ December7 ¢ |am guessing
¢ December 14
Table 4.5 il lustrates | eairlner §ablrespgoBseisl |l ust

confidence on responses given for this question.

Table 4.5 Learners' responses on Question 3

Distractors Number of learner (N = 75)
November 14 18
November 21 9
Novemler 28 28
December 7 16
December 14 4
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Table 4.6 Learners' confidence levels for Question 3

Confidence level

All learners (N = 75)

Number of learners (out of 28 who selected
the correct response)

| am sure 13 6
| think so 41 17
| am guessing 21 5

Table 4.5 shows that 28 learners selected the correct response for this question. Table 4.6 indicates
that only six of these learners claimed to be certain about correctness of their responses. These
results suggest that only six learners knew the time lapse between Last Quarter and Full Moon
previous gquestions, this que
knowledge taught in school. Howevkzarners who regularly obsve the Moon could get a correct

answer for this question. Poor performance suggests that the learners lacked daily experience of

phases. Li

Moon phases.

ke the

This poor performance supports results found by Mulholland and Ginns (2008). Only 49% of 72
pre-service teachre who participated in their study gave correct duration of time lapse between

New Moon and First Quarter.

However, 21% gave correct duration of time lapse between New

Moon and Last Quarter while 1% gave a correct duration of time lapse between FulaiMbbast
Quarter. The results of Mulholland and Ginns show that evemsqmce teachers lack
understanding of time lapse between phases of the Moon. It is not surprising, therefore, that high
school students who were never taught about the concepd vgmil wrong answers for this

question.

4.4.4 Question 4
This quest.i

on investigated |l earners6 understan:i
day to day. This question tests knowledge associated with motions of the Earth and the Moon,
which the arriculum requires learners to understand. Learners who have everyday experience with
the Moon (e.g. who regularly observe the Moon) could get a correct answer for this question, even
if the topic had not been taught in schools.
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If the Moonrisesa2 1h00 (9 odcl ock) t| How sure are you that your answer
will rise at about is correct?
c 19h00 (7 o0bd6clock)
. c lamsure
c 20h00 (8 o06cl ock)
c 21h00 (9 ob6¢cl ock) c |think so
c 22h00 (10 o0o6clock) ¢ |am guessing
c 23h00 (11 o006clock)
Table 4.7 st r at es l earnersd responses to this que:

confidence on responses given for this question. .

Table 4.7 Learners' responses to Question 4

Distractors No. of learner (N=75)
19h00 (7 o0ob6cl ock 15
20h00 (8 o06cl ock 21
21h00 (9 o0o6cl ock 29
22h00 (10 6c¢clock 8
23h00 (11 o6clock 2

Table 4.8 Learners' confidence on responses given for Question 4

) Number of learners (out of 8 who selected
Confidence level All learners (N = 75)
the correct response)
| am sure 15 1
| think so 33 2
| am guessing 27 5

Table 4.7 shows that only eight learners selected the correct response for this question. Twenty
nine learners select agponse suggesting that the Moon rises at the same time in two consecutive

days while thirty six learners selected responses indicating that the Moon rises earlier in the
following day. These results suggest that the 65 learners did not know that theribsolater

each day. Saying that the Moon rises at the same time and/or earlier in the second day suggests that
the | earners have never paid full attention to
be seen rising later in a subsequent dayjese results support finding of Plummer (2009a, 2009b,
2010, and 2011) which show that some people | ac

Table 4.8 indicates that only one of the eight learners who selected the correct response claimed to
be sire about correctness of this response. Poor performance in this question confirms that the
learners had inadequate conceptual knowledge about facts associated with rising and setting of the
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Moon (as was the case in Question 2). This knowledge can aimediby observing the Moon in
the sky. Poor performance suggests that the learners lacked experience of the Moon in the sky.

4.4.5 Question 5

This question investigated | earnersé understand

As seen from the Earth, the o seems to change shape durirl How sure are you that your answer
the month because of is correct?

c the turning of the Earth on its own axis
c lamsure

c the shadow of the Earth falling on the Moon
c the changing positions of the Earth, Sun and Moon | ¢ | think so
¢ the turning of the Moon on its own axis .
¢ | am guessing
c the Earth moving arourttie Sun
Table 4.9 illustrates | earnersodé6 responses to

confidence on responses given for this question.

Table 4.9 Learners' responses to Question 5

Distractors Number of learner (N = 75)
the turning of the Earth on its own axis 6
the shadow of the Earth falling on the Moon 26
the changing positions of theath, Sun and Moon 23
the turning of the Moon on its own axis 6
the Earth moving around the Sun 14

Table 4.10 Learners' confidence on responses given for Question 5

) Number of learners (out of 23 who selected
Confidence level All learners (N = 75)
the correct response)
| am sure 22 3
| think so 44 17
| am guessing 9 3

Table 4.9 shows that only 23 learners selected the correct response for this question. Table 4.10
shows that only three of thesataers claimed to be confident about correctness of these responses.
This suggests that only three learners knew the causemf phases.
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Table 4.9 shows that the most common response, selected by 26 of the 75 learners, was that the
shadow of the Earthauses phases of the Moon. This is similar to findings reported in literature,
where the most common misconception reported about the cause of Moon phases is that the shadow
of the Earth falls on the Moon to cause phases. Table 4.9 further showsénalwrnatives, e.g.
the one saying that the Sun turns on its axis to cause phases of the Moon, have been selected by
fewer participants in this study, similar to low frequencies reported in literature (see Appendix

G(i)).

4.4.6 Question 6

This questioninvet i gat ed

earner sbo

ability to

n k

phas

sky, and time of day. Learners who regularly observe the Moon in the sky could get a correct

answer for this question.

the phase of the Moon must be
c new Moon

c waxing crescent
c first quarter

c full Moon’

¢ waning gibbous

If the Moon rises in the east as the Sun is settirige west, then

How sure are you that your
answer is correct?

¢ |amsure
¢ |think so

¢ | amguessing

Tabl e 4. 11

confidence on responses given for this question.

Table 4.11 Learners' responses to Question 6

Distractors

No. of learner (N = 75)

new Moon 20
waxing crescent 9
first quarter 29
full Moon’ 14
waning gibbous 3
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Table 4.12 Learners' confidence on responses given for Question 6

) Number of learners (out of 14 who selected
Confidence level All learners (N = 75)
the correct response)
| am sure 7 2
| think so 39 6
| am guessing 29 6

Table 4.11 shows that only 14 learners selected the correct response while 61 learners selected
wrong responses, suggesting that the majority of learners did not know theioBul rises at about

sunset. Table 4.12 shows that only seven of the 14 learners who selected the correct answer
indicated that they were certain about correctness of their responses. Learners could get a correct
answer to this question by using knowgedobtained by observing the Moon in the sky. Poor
performance in this question suggests that learners lacked daily experience of the Moon in the sky.

Results obtained in this question corroborate findings reported in literature, which show that some
stucents have difficulty of understanding relationships between time of day and position of Full
Moon in the sky. For example, only 6% of 32
(2002) study gave a correct response to a question asking foopadiFull Moon in the sky when

the Sun rises. The results also support findings which show that even university students and pre
service teachers lack understanding of relationships between phase of the Moon, time of day and
position of the Mooninthe ky (e. g. Mul hol | a rBekiraglu, @007y Hedikéet |, 200
al., 1998).

4.4.7 Question 7

This question investigated | earnero6s understand
phase of the Moon in a particular day, irrespective cétions of viewers on Earth. This question,
t oo, i nvestigated | earMoenSsndysteomder st anding of th

If we see thdirst quarter Moon tonight, which phase of the Moon wi How sure are you that
people on the other side of the Earth see when night arrivésefoft your answer is correct?

c acrescent Moon ¢ | am sure

c afirst quarter Moon
c agibbous Moon ¢ Ithink so
¢ alast quarter Moon ¢ |am guessing
¢ afull Moon
Table 4.13 illustrates | eareneTal®dl eredpbhsibl| uot

confidence on responses given for this question.

96



Table 4.13 Learners' responses on Question 7

Distractors No. of learners (N = 75)
a crescent Moon 9
a first quarter Moo’ 9
a gibbous Moon 4
a last quarter Moon 40
a full Moon 13

Table 4.13 shows that only nine learners selected the correct response for this question. Table 4.14

shows that none of these learners claimed to be certain about correctness ofpihiedieres These

results suggest that none of the learners knew that viewers on different locations on Earth see the
same phases of the Moon in one particular day.

Table 4.14 Learners confidence on responseasven for Question 7

Confidence level

All learners (N = 75)

Number of learners (out of 9 who selected
the correct response)

| am sure 6 0
| think so 38 7
| am guessing 31 2

Research shows that some school students give wrong answers when askedsgsienilar to the

one asked in this study. For example, only 10% of 32 middle school students who participated in
stated that if the Moon
Moon would appear to be full as seen tgwers in California. Research further shows that some

Riderdéds (2002)

pre-service teachers give wrong answers when asked questions similar to one asked in this study.

For example, only 51% of pjeer vi ce teachers who participated

study

studycorrectly indicated that if the Moon appears to be full as seen from the USA, then the Moon
would appear to be full as seen from Australia as well. However, a smaller number of participants
(33%) in the same study correctly indicated that if the Moonapgge be in the First Quarter phase

as seen from Johannesburg, then viewers in Australia would also see the Moon in the First Quarter

phase. It appears, therefore, that some students aisépiee teachers have poor understanding of
the fact that viewe on different locations on Earth see the same phase of the Moon in one day.

4.4.8 Question 8

This question illustrated a viewer (P) on Earth and an astronaut (A) on the Moon.

appeared to be crescesitaped as seen frogarth.
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The following diagam shows a person (P) standing on the Earth, looking at the crescent Mo
astronaut (A) is standing on the Moon looking back towards the Earth. This question requires you
out whatphase of the Earththe astronaut will see.

The answer may nte as obvious as you think. To help you work out the answer, draw a diagram

space below) to show the positions of the Earth, the Sun and the Wsmyour diagram to help you
work out the answer.

(,’qA Draw your diagrantmere

P
ﬁiﬁ

Whatphase of the Earthwill the astronaut (A) seeCircle the correct diagram/answer.

O O D D @

full Earth gibbousEarth* quarterEarth crescenEarth new Earth
How sure are you that your answer| How difficult did you find it to imagine what was happening
is correct? in the picture?
c lamsure c Itwas easy
¢ Ithink so ¢ | could imagine only after thinking hard
¢ | am guessing ¢ | could not imagine what was happening

The question required learners to determine phase of the Earth that would be seen by the astronaut.
The question tested | eging pespestides solas tb see pne telestial ma g i
object from another. The question tested skills necessary to determine phases of the Moon from
diagrams, using a context not likely to be used in school. The questions which test skills needed to
understand d@sonomy concepts help us to understand why learners struggle to understand these
concepts.

Table 4.15 illustrates | earnersdé responses to
confidence on respoes given for this question.
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Table 4.15 Learners' responses to Question 8

Distractors No. of learners (N = 75)
full Earth 12
gibbous Earth* 34
guarter Earth 10
crescent Earth 10
new Earth 7
No response 2

Table4l6Lear ner s 6

competence

|l evel s on responses

Confidence level

All learners (N = 75)

Number of learners (out of 34 who selected
the correct response)

| am sure 14 6
| think so 42 25
| am guessing 17 2
No respose 2 1

gi ven

Table 4.15 shows that 34 learners selected the correct response. Table 4.16 indicates that only six
of these learners indicated that they were sure about correctness of their responses. It is worthy to
note that none of the learners drew thetlgathe Sun and the Moon, which would help them
workout the answer. As a result, the majority were not able to determine the correct answer. Table

4.17 il

ustrates |

earnerso6 vi

sual i zati on

Table 4.17 Learners' visualization ability of the diagram illustrated in Question 8

. o . Number of learners (out of 34 who selected
Visualization ability All learners (N = 75)
the correct response)
Easy 20 11
Hard 38 17
Impossible 15 4
No respone 2 2

abi |l i

The table shows that only 20 learners indicated that it was easy for them to visualize what the

diagram illustrated.

responses, and further explains why many were unsure alyoettoess of their responses.

This low number explains why the majority of learners selected wrong

Table 4.17 further shows that only eleven of the 34 learners who selected the correct response

i ndi cated

t hat it

wa s
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responses indicates that lprfour of these eleven indicated that they were sure about their
responses.

These results show lower performance than findings of Rochford and Sass (1988), where 67% of
university students selected the correct answer for this question. HowevelprRaold Sass did

not ask the participants to indicate confidence levels. As a result, we do not know the exact number
of learners who were sure about this response.

Poor performance obtained in this study somewhat mirrors results reported by Madiaeand

Gil-Quilez (2001) who asked 78 university students to make diagrams illustrating a situation where

an astronaut can see the Moon in a Last Quarter phase when Earth viewers see Full Moon.
Student sd drawings show t helativenpasitigns of the Earthntbet a b |
Sun, the Moon and astronaut in space. However, MarBeea and GiQuilez did not report

frequencies (as discussed in Section 2.1, p 19). Results obtained in the current study, together with
results obtained by ManezPena and GiQuilez (2001) and Rochford and Sass (1988) show that

high school and university students struggle to imagine viewing the-Haxdh-Sun systemfrom

different perspectives. This might explain why these students struggle to understandnagstr

concepts that require people to use this skill.

4.4.9 Question 9

This question tested skills necessary to determine phases of the Moon from diagrams, using context
that was likely to be familiar to the learners. The question illustrated the Earth, threiiMeight
positions around the Eart h, and the Sundés rays
asked learners to determine phases of the Moon in positions 1, 4, 5, 7 and 8 as seen from the Earth
shape.

Sun's rays

NERNRAN

You are standing
here at the position
labelled X

The diagram on the right show
sunlight shining on the Earth and tt
Moon. The Moon is shown in eigt
positions as it revolves around tl
Earth.

To help you to work out answers
Moon's

to the following questions, you i’ ; Earth Q orbit
might like to draw lines (on the 6 e /"\l‘_/ a
diagram) showing what a viewer '

on Earth wouldsee when the 5
Moon is in each position.
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Imagine that you are standing at point X on Earth, looking at the Moon.

If the Moon is in position 1, what would you se&®cle the correct diagram/answet

c e ¢« D d D 0O 0O

The question was followed by confidence leaeld visualization abilities as was the case with
Question 8. Table 4.18 illustrates | earnerso

Table 4.18 Learners' responses to Question 9

) Number of learners who &lected each distractor (N = 75)
Distractors
Position 1 Position 4 Position 5 Position 7 Position 8
Q 12 0 24* 5 6
‘ 22* 5 16 1 9
@ 3 11 8 8 17
D 1 9 3 13 11*
G 14 12 8 23 10
D 6 17 4 17* 8
O 12 10* 8 5 8
O 3 10 4 2 4
No response 2 1 1 2

The symbol * indicates a correct response for eaditipn of the Moon around the Earth. The

table shows that out of 75 learners, 22, 10, 24, 17 and 11 learners selected correct answers for New
Moon, Waxing Gibbous, Full Moon, Last Quarter and Waning Crescent respectively. These results
indicate that fewearners selected correct responses for each of the lunar phases. Furthermore, the
results indicate that the lowest number of learners selected the correct responses for Positions 4 and
8 (representing crescent and gibbous phases). This suggests énatirggion of crescent and

gi bbous phases was more challenging than other
level and visualization abilities for this question.
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Table 4.19 Learners' confidence level and visualization abilities for Question 9

Confidence level All learners (N = 75) Visualization ability All learners (N = 75)
| am sure 10 Easy 13
| think so 37 Hard 39
| am guessing 27 Impossible 22
No response 1 No response 1

This teble shows that only 10 learners claimed to be sure about their responses. The table further
indicates that only 13 learners stated that it was easy for them to imagine what the diagram

il lustrated. Learner sd i n a bated dorroporatesoresults thatla | i z e
discuss in Chapter 5 of this thesis, which show that the learners had low spatial ability skills needed

to understand astronomy concepts. The low number of learners who were able to visualize what the
diagram illustrateeéxplains why the majority selected wrong responses, and why the majority were
uncertain about correctness of their responses.

Literature shows that some researchers administered tests which had questions asking participants
to determine the appearancetbé Moon from a given alignment of the Earth, the Sun and the
Moon (e.g. Black, 2005; Mulholland and Ginns, 2008; Wilhelm, 2009b). However, none of these
researchers reported the exact responses given by learners to these questions. Rather, tthey reporte
total marks obtained by learners in tests including these questions. As a result, there is no reference
point to compare performance in this study with.

4.4.10 Question 10
This question tested skills necessary to understand phases of the Moon, usingtdikelytéx be
unfamiliar to the | earners. The question ill u

rays approaching the planet and its moons. The question asked learners to determine the phase of
Phobos as seen from Deimos, thus applytiregskills needed to answer Question 9.

Carefully examine the diagram on the right, which shows|—»

positions of the Sun, Mar s, |——» ODeimos
Deimos). This question requires you to work out the phas———»
Phobos that a person on Deimosuld see. sunos ,
You might like to draw lines on the diagram to help you ) O Phobos
work out the answer to this question.
I f you stood on Deimos and | ooked at Phobos,

D D 0 O ®
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How sure are you that your answeis How difficult did you find it to imagine what was
correct? happening in the picture?

c lamsure c Itwas easy

¢ |think so ¢ | could imagine only after hard thinking

¢ | am guessing ¢ | could not imagine what was happening

Viewers on Deimos will see merthan half (but not the entire) illuminated surface of Phobos.
Thus, Phobos will appear to be gibbeusr a p e d . Table 4.20 illustrate
guestion while Table 4.21 illustratedonl earners?o

Table 4.20 Learners' responses to Question 10

Distractors No. of learners (N = 75)

D 15
D 12
O* 28
@ 11

Table 4.20 shows that 28 learners selected a correct response. Table 4.21 shows that only three of
these learners indicated that they were sure about correctness of their responses. These results
suggest lat the majority of learners were not able to determine the appearance of Phobos from
Demos.

Table 4.21 Learners' confidence levels on responses given for Question 10

. Number of learners (out of 28 who selected
Confidence level All learners (N = 75)
the correct response)
| am sure 19 3
| think so 45 21
| am guessing 10 4
No response 1
Table 4.22 illustrates | earnersod visualizati on

10¢



Table 4.22 Learners' visualization ability on Question 10

Visualization ability All learners 28 learners who selected the correct response
Easy 26 7
Hard 43 19
Impossible 5 2
None 1

The table shows that only 26 learners indicated ithatas easy for them to visualize what the

diagram illustrated. The table further shows that only seven of these learners selected a correct
response. This question investigated | earnersao
of the Moon. Poor performance in this question suggests that the learners struggled with these
skills.

4.4.11 Question 11

The question illustrated the Planet Mercury in its orbital path around the Sun. A crater (C) was
illustrated on the surface of Mercury. The questisked learners to draw the planet and its crater
after a given duration of time (in days), thus
rotations and revolutions needed to understand phases of the Moon.

Mercury turns on its own axis in abt 60 days, and P
moves around the Sun in 88 days. e o

The diagram on the right shows the path of Mercu ; "
(imagine it moving on the surface of the page). Th ! )
di agram shows a crater !

directly facing the Sun. \% !

If Mercury now continueto move around the sun ", ,== C .

from the position given, draan the diagrana circle . V e ‘
to show -

a. The approximate position of Mercury after 22 days, with the new position of crater C clearly marke
Label your diagram (a).

b. Theposition of Mercury after 30 days, with the new position of crater C clearly marébdl your
diagram (b).
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How sure are you that your answers are
correct?

c lamsure
¢ Ithink so
¢ | am guessing

How difficult did you find it to imagine what was
happening in the picture?

Cc
C
C

It was easy

| could imagine only after hard thinking
| could not imagine what was happening

Learners were supposed to draw mercury and the crater in positions illustrated in the following

diagram.

'
- 5 L
. .
x* -

(a)Mercury and crater after 22 days

22
days

(b) Mercury and crater after 30 days

Table 4.23 il

ustrates |

Table 4.23 Learners' performance on Question 11

earner sbo

responses

22 days 30 days
Mercury Crater Mercury Crater
Number of correct responses 29 8 25 10
Numberof wrong responses 46 67 50 65

The following trends are observable from the table.

t

1 Positions of mercury29 learners correctly determined the position of mercury after 22 days

while 25 learners determined the position of mercury after 30 days.
shows that only 22 learners correctly determined the position of mercury in both occasions.

1 Positions of the crater Only eight learners correctly determined the position of the crater after
22 days while 10 learners correctly determirtesl position of the crater after 30 days. Analysis

Analysesponses

(0]

of responses shows that only three learners correctly determined the position of the crater in both

occasions.
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Further analysis of results shows that only one learner correctly determined the twimpasiti
mercury and corresponding positions of the crater. These results suggest that learners
encountered more difficulties in locating the positions of the crater than the positions of
mercury. This, in turn, suggests that learners encountered moieultiffwhen mentally
rotating the planet than mentally moving the planet around the Sun.

Table 4.24 illustrates | earnersd confidence |
Table4.24learners 6 confi dence and visualization abilities
Confidence level All learners (N = 75) Visualization ability All learners (N = 75)
| am sure 15 Easy 19
| think so 35 Hard 32
| am guessing 22 Impossible 22
No response 3 No response 2

Thetable shows that 15 learners indicated that they were sure about correctness of their responses.

The table further shows that 19 learners indicated that it was easy for them to visualize what the
diagram illustrated. The fact that few learners easilypalized what the diagram illustrated

explains why the majority failed to get correct answers in this question. These results suggest that
almost all learners encountered difficulties when performing processes that require mental rotations.

This result camborates findings that | discuss in Chapter 5, which show that the majority of
learners performed poorly on tests measuring mental rotation (i.e. Spatial Orientation tests).

45 Summary of Learnersodo performance

Figure 4.5 il 1l ust esaohthesdiadnestcitest uncérmin and guesset lespanses r
have been included in the total scoreR)e following observations are made from the figure:

1 Central score of learners Both the mean and median scores have the value of 4 (22%). This
shows tlat on average, the group obtained very low scores in this test. This in turn suggests that
the group found the test to be difficult.

1 Variation of scores The highest score was 10 while the lowest score was 1, giving a range of 9
(50%). This value sugges a high variation between the highest and the lowest scores. The
upper quartile was 5 while the lower quartile was 3, giving an-guartile range of 2 (11%).

This value suggests that there was less variation of scores among 36 learners whorhtdiaed
scores.
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Learners' scores on the diagnostic test

N
o

B R R R e
oN M O ®
1 1

o 0
! !

N
Il

Number of learners per score

N
!

o
!

0 1 2 3 4 5 6 7 8 9 10
Scores (out of 18)

mean = 4, median = 4, mode = 3, range = 9, -gtexrtile range = 2

Figure 4.5 Learners' scores on the diagnostic test

Questions 1 to 7 tested conceptual knowledge recommended by the ¢ c ul u m. Lear ne
performance on these questions suggests that the learners lacked this knowledge. This corroborates

|l earnersd claims that they were not taught ab
knowledge, Questions 3, 4, and &t knowledge obtained by observing the Moon in the sky.

Poor performance in these questions suggests that learners lacked this knowledge.

Research shows that carefully designed instructional interventions help learners to better understand
concepts assci at ed with phases of t he Moon, e. g. Gr ¢
study. Low scores obtained in this study should not be interpreted as suggesting that the learners
were not capable of understanding these concepts. Rather, the lownsighrtedse explained by the

fact that the learners had not formally learned about phases of the Moon. In the context of the
current study, this low performance means that none of the learners would be advantaged by the
background knowledge when interpretidiagrams.

Questions 8, 9, 10 and 11 tested | earnerso6 abi
the Moon, i.e. to perceive and manipulate celestial objects in space. Learners could get correct
answers to these questions even if they wereentaught about phases of the Moon. Poor
performance in these questions suggests that learners encountered difficulties when mentally
manipulating objects in space. This is not surprising, since Chapter 5 shows that the learners were
very weak in thesskills.



4.6 Answer to Research Question 1

The first research question has been phrased as follows:

Wh at i s t he | evel of Grade 9 Natur al Science
associated with phases of the Moon?

Results obtained in thidusly show that the learners had very poor background knowledge on these
concepts. Section 4.7 discusses the implications of this poor background knowledge on learners
who patrticipated in interviews.

4.7 Background knowledge of 10 learners selected to participate
in interviews

Table 4.25 illustrates total scores obtained by 10 learners who participated in the interviews
(Section 5.5, p 131 describes how | selected the learners). These totals exclude guessed answers
(for Questions 1 to 10), thus getting rid answers that could have been obtained by chance.
Learners are arranged from top to bottom on the basis of spatial ability scores. That is, Leéarners 1
obtained low spatial ability scores while Learners 6 to 10 obtained high spatial ability scores.

Table4d25Learner sdé mar ks (excl udi nghoigeitensslsed responses
QUESTION NUMBER

9 11 =
| | L~ | ® 22 days | 30 days A "g
Learners =
1|2(3|4|5|6|7|8]l 5| 5| 585|880 =7._1=>]. g3
213|3|%|7% s|E|3|g| 2
@] [e] @] [e] @] — - = =
o | a o o | a % O % O
1 | Lisebo 1 1 1 1 4
2 | Lehana 1 1 2
3 | Makalo 1 111 111 5
4 | Motena 1 1 2
5 | Karabo 1 1 1 1 111 1 7
- — —— — —— —— — — —— — — —— —— |
6 | Seboka 11 1 11111111 7
7 | Fumane] 1|1 11 1 1 1 1 1 8
8 | Masilo 1 1 1 1 5
9 | 'Mamosa 1 1 2
10 | Selomo 1 11111 1 1] 1 7
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The table shows that all learners performed poorly on the first seven questions which tested
conceptual knowledge about the Eabon-Sunsystem The table further shows that high spatial

ability learnersperformed better on Question 9 than low spatlality learners. As a result, high
spatiatability learners obtained better total scores than their low sqaddilly counterparts.
Further analysis of the scores shows that the low syiility learners obtained an average score

of 4 while the high spatial ability learners obtained an average score of 6 out of 18. These mean
scores suggests that all the 10 learners had poor background knowledge in these concepts.
However, the high spatiability learners demonstrated a slightly better understanding of concepts
associated with phases of the Moon than their low spelbitity counterparts.

The discussion in Section 2.2.3 (p 49) shows that background knowledge on concepts illustrated in
diagrams a# ct s peopl ebdbs interpretation of the diag
di agnostic test was to investigate | earnersodo be
select learners in a way that would minimize impact of this knowledge orprietation of

diagrams. The fact that all learners had low background knowledge of these concepts suggests that
none would be advantaged by background knowledge when interpreting diagrams.

4.8 Summary

This chapter has presented results obtained from thenaliig test. The diagnostic test had

qguestions investigating | earnersdé understandi n
(Questions 17 ) and questions investigating | earners
objects in space (QuestioBsll). Learners obtained low scores in all the questions in this test.

This suggests that the | earnersoé had poor backc

of the Moon, and struggled to mentally manipulate celestial objects in space.

This chapter shows that all the 10 learners selected to participate in interviews had poor background
knowledge on phases of the Moon. The next chapter presents results obtained from spatial ability
tests.
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Chapter 5 Spatial ability

5.1 Introduction

This studyemployed a mixednethods approach in which quantitative research findings facilitated
conduct of qualitative research (see Section 3.1.4, p 58). | administered six tests to investigate

|l earnersd spatial abil ity s knolpartcipated in ohterviesve d f i n
This chapter presents scores obtained by learners on these tests. One test (Hidden Patterns Test)
measured Spatial Perception; two tests (Card Rotations and Cube Comparisons Tests) measured
Spatial Orientation, while theetests (Form Board, Paper Folding and Surface Development Tests)
measured Spatial Visualization. Section 5.2 describes statistical constructs used to analyze data
obtained from the spatial ability tests. Section 5.3 presents scores obtained by lmathese

tests. Section 5.4 presents an answer to the second research question while Section 5.5 describes
how spatial scores were used to select learners for participation in interviews.

5.2 Statistical constructs used in the chapter

The spatial abilitydsts generated quantitative data which required statistical analysis. Researchers
use two statistical techniques to analyze quantitative data; descriptive statistics which allows
researchers to describe characteristics of a sample, and inferentiaicstatibich allows
researchers to make inferences about characteristic of populations from which samples were
selected (McMillan & Schumacher, 2001; van Lill & Grieve, 1990). The aim of this study was to
describe characteristics of the sample, not to gérertindings to the population. As a result, the
study employed descriptive statistics. The following sections describe theoretical constructs
associated with descriptive statistics used in the study.

5.2.1 Types of data distribution

Most research dealsitly data consisting of more than one variable. When variables are plotted in a
graph, data can make any of the following types of distribution.

Normal distribution: A distribution is normal if values cluster at the centre and spread uniformly
towards edges (Fraenkel & Wallen, 1990). Figure 5.1 illustrates an example of a normal
distribution.
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Figure 5.1 Example of a normal distribution

Skewed distribution A distribution is skewed if values cluster towards one of the edges. A
distribution is positively skewed if values cluster towards the left edge, as illustrated in Figure 5.2.

Figure 5.2 Example of a positively skewed distribution

On the other hand, a distribution is negatively skewed if values cluster towards the right edge, as
illustrated in Figure 5.3.

Figure 5.3 Example of a negatively skewed distribution

Sometimes distributions have outliers. McMillan and Schumacher (2001:167) define an outlier as a
Apoint that falls far outside the main distribt
deviatons from the mean (I define standard deviation and mean in Sections 5.2.2 and 5.2.3, pp 111

114). If there are clear reasons for a score to be too far from others (e.g. errors in marking),
researchers may correct or drop the score. However, therec@neensus about what to do with
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outliers if there are no clear explanations for the extreme values (McMillan & Schumacher, 2001).
I included outliers when calculating measures of central tendency and dispersion (discussed below).

5.2.2 Central tendency

van Lil and Grieve (1990:41) define central tendency &swaal ue whi ch i s centr al
which can be used to represent all the scores i
are used to describe data.

1 Mean: This is the measuremenf average values, obtained by summing all the values and
dividing the sum by the number of values (Fraenkel & Wallen, 1990; Fraser, 1991).

1 Median: This is the middle score in a distribution (Fraenkel & Wallen, 1990), which is
equivalent to a score tdined by an average person (Haslam & McGarty, 2003).

1 Mode: This is the most frequent score in a distribution (Fraenkel & Wallen, 1990; McMillan &
Schumacher, 1993).

In a normal distribution, the three measures of central tendency assume the sanecated at
the centre of the distribution (see Figure 5.4).

mean, median and mode

Figure 5.4 Measures of central tendency in a normal distribution

However, the three measures assume different values in skewed distrib@ithensode is located
at the peak, the median is located at the centre, and the mean is located towards the tail of the
distribution (see Figure 5.5).
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Figure 5.5 Measures of central tendency in skewed sliributions (McMillan & Schumacher, 2001:161)

5.2.3 Variability/dispersion

Measures of dispersion help us understand the extent to which values in a data set differ from the
central score (Haslam & McGarty, 2003; van Lill & Grieve, 1990). | discuss two types o
dispersion, the first dealing with differences between high and low values in a distribution, and the
second dealing with deviation of values from the mean.

1 Difference between high and low value$his measure has two types, namelyrdrggeand the
inter-quartile range  The range igalculated by subtracting the minimum value from the
maximum value to find the difference between these values. Outliers can affect the range of a
distribution because only two values are used to calculate this measuMill@dcé&
Schumacher, 2001; van Lill & Grieve, 1990). Thus, this measure can be misleading.

The interquartile range is used to overcome the impact of outliers. This measure gives
information about the difference between values located at the loweanpgead quartiles in a
distribution (van Lill & Grieve, 1990). Quartiles are values located % and % away from the
minimum value in a distribution. That is, quartiles are located at tiex2® 73" percentiles.
Lower quartile is the value located at @&" percentile while upper quatrtile is the value located
the 75" percentile in a distribution.

Seventy five | earners formed a sample for thi
arranged in order from minimum to maximum, the lower quartile éssttore obtained by the

19" learner, the upper quartile is a score obtained by tHelégBner, while the intequartile

range is the difference between scores obtained by theari® the 55 learners. The inter

guartile range indicates the differerafescores between 36 learners who obtained middle scores.

1 Deviation of each score from the mearvan Lill and Grieve (1990) discuss three types of this
measure; deviation, variance and standard deviation.

u Deviationis the difference between each scarel the mean, obtained by subtracting mean
from the scores. Deviation becomes positive for scores larger than the mean and negative for
scores lower than the mean.

u Varianceis obtained by squaring deviation of each value, summing the squares of dayiatio
and dividing the sum by the number of values. The deviations are squared to get rid of the
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negative sign obtained for values lower than the mean. As a consequence of squaring
deviations, variance is expressed in square units of a quantity beingateasu

u Standard deviatioiis obtained by taking square root of variance. Thus, standard deviation is
expressed in the same units as the quantity being measured (Haslam & McGarty, 2003).
Standard deviation indicates the distance (on average) of the Boondhe mean (McMillan
& Schumacher, 2001).

5.2.4 Application of statistical analysis in this study

When discussing | earnersd performance in each t
in each of the tests. Table 5.1 illustrates criteriatised descri be | earnersd con
measured by each test, and to evaluate easiness of executing skills measured by each test based on

| earnersd scores.

Table 5.1 Criteria used to categoriseleare r s® competence in skill$ measur ec
Score (expressed in %) Learnersd compet ern Eafri:ézsssu:); de)k()(;/ctllflintge:tki”s
O 80 Very high Very easy
60 O 79 High Easy
40 O 59 Intermediate Moderate
20 O 39 Low Difficult
0o O 19 Very low Very difficult
<0 Extremely low Extremely difficult

The table shows that | classify competence into three main categories; high campetdéearners

scoring 60% and above, intermediate competence for learners scoring between 40% and 59%, and
low competence for learners scoring 39% and below. | argue that execution of skills measured by
the test was easy for learners obtaining high esgoto be moderate for learners obtaining
intermediate scores, and that learners obtaining low scores encountered more difficulties when
executing these skills.

After discussing general performance of the learners in each test, | illustrate test seoie in

graph to note the type of distribution, and to identify scores that fall away from the rest (i.e.
outliers). All results gave skewed distributions. In the discussion that follows, | discuss measures
of central tendency and variance for each tEst. central tendency, | discuss both the mean and the
median. | discuss the mean because its calculation uses all values in a distribution, and discuss the

®Negative scores were possible because the formul ae
correct and incorrect marks.
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median because it is the value located the middle in skewed distributions. 1 discuss bothethe rang
and the standard deviation to give an idea abou

53 Learnersd6 performance on the spati a

This section presents | e aabilitetests admipigtarefl im thimstudy}c e o n

5.3.1 Spatial Perception (CF-2)

| used the Hidden Patterns Test(€§ t o measure this skill. Thi s
mentally detach a figure from a complex configl
on this test.

Table 5.2 Learners' performance on the Hidden Patterns Test (CR)

Scores Number of learners obtaining the scores
Raw score (out | Score expressed| Competence level | actyal number of learners | Number expresse
of 200) as % (out of 75) as %
O 1509 O 80 Very high 1 1
119 O 60 O 1 High 1 1
79 O 1 40 O § Intermediate 23 31
39 O 20 O 4 Low 34 45
o O 3 o 0 1 Very low 15 20
<0 <0 Extremely low 1 1

The table shows that only 2% of the learners obtained high scores (i.e.@86ye Thirty one

percent obtained intermediate scores while 66% obtained low scores. These results suggest that
only 2% of the learners found it easy to mentally detach a figure from complex configuration. The
results further suggest that 31% encoumter®derate difficulty when executing these skills, while

the majority (66%) struggled to execute the skills.

Figure 5.6 gives further clarification of l ear
continuous distribution of scores from@0 to 119which form a negatively skewed shape. In

addition, the figure shows two scores (146 and 171) separated from the continuous distribution.
However,only one of these scores (171) appears to be located beyond three standard deviations
from the group mean ece. As a result, it is the only score regarded as an outlier. Overall, the

graph shows that the scores form a negatively skewed distribution which has one outlier.
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Learners' scores on CF-2
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mean = 64, median = 66, mode = 82, range = 172-dutartile range = 40, standarewdation = 31

Figure56Lear ner sd performance on-2) he Hidden Patt

Analysis of Figure 5.6 shows a very small difference between values of the mean (64 = 32%) and

the median (66 = 33%). Thadt that these values are located below 39% suggests that on average,

|l earnersd competence was |l ow in skil!l measur ed
learners struggled to mentally detach a figure from complex configuration. Theseinsglyltdhat

the majority of learners would struggle to apply this skill when learning about phases of the Moon,

e.g. when interpreting diagrams illustrating this phenomenon. This interpretation requires learners

to concentrate on the Moon in one of thghei(usually illustrated) positions and ignore the Moon in

other positions that might serve as distracting background. Failure to interpret diagrams means that
learners would struggle to understand information illustrated in the diagrams.

Further analysishows large values for the range (172 = 86%) and the-doitile range (40 =

20%). The standard deviation of 31.33 (16%) shows
mean. The high values of the range and ingerartile range indicate a veryrdge difference

between the lowest and the highest scores of the learners, which suggests that the learners were not
uniform in their ability to execute the skill measured by the test. These results imply that it is not
every learner that would struggle teentally detach a figure from complex configuration, and to

apply the skill when learning about phases of the Moon. Learners with high scores would execute
this skill with ease, but learners who obtained low scores would struggle to execute theTgkills.

low standard deviation means that values do not deviate much from the mean score of 33%, which
gives further evidence that learners struggled to mentally detach a figure from complex
configuration.
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The average score obtained in this study is lower tiramean score of 43% obtained by American
participants aged 12 years and older (Smalley et al., 1989) and much lower than the mean of 60%

obtained by Canadian 20 35year olds who wrote this test (Wickett et al., 2000). On the other

hand, the averagecore obtained in this study is higher than the mean score of 23% obtained by
American adults and university students (Burton & Fyga&003), and also higher than the mean
score of 27% obtained by American university students (Miyake et al., 2001¢se Tdw scores
reported in studies that involved adults participants show that even older students and adults
struggle to mentally detach a figure from complex configuration. These findings help to explain
why older participants struggle to understandoastmy concepts, i.e. the concepts require use of

skills that these participants are not able to execute.

Summary The fact that only 2% of learners obtained high scores (above 60%) while 66% of

obtained low scores (below 40%), and the fact that leawisteined the average score of about
33% indicate that the majority of learners encountered difficulties when mentally detaching a figure
from complex configuration.

5.3.2 Spatial Orientation

Two tests (Card Rotations Test and Cube Comparisons Test) wereousetne asur e |
competence in this skill.

Learner so

Thi s

paper .

Table53L ear ner s o

test

measur ed
Tabl e 5.

performance ofl)

3 il | dhsstestat es |

performance

t he Card

earr

Rot

| e ar n-dimessionabshapds iort tlye plane ofthe nt a | |

earnerso perform

o#l) the Card Rotations

Scores Number of learners obtaining the scores
Raw score (out of| Score expressed ag Competence level | actyal number (out Number expressed
80) % of 75) as %
O 64 O 80 Very high 5 7
48 O 6 60 O High 16 21
32 0 4 40 O 5| Intermediate 28 37
16 O 3 20 039 Low 11 15
0 O 1 0 O 1¢ Very low 12 16
<0 <0 Extremely low 3 4
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The table shows that few learners (28%) obtained high scores (above 60%).s@Vem percent of

the learners obtained intermediate scores while 35% obtained low scores. Thus, nearly the same
number of learners obtained low, intermediate and high scores. This suggests that the number of
learners who easily executed mental rotadi is almost the same as the number that struggled to
mentally rotate the shapes. Figure 5.7 il lustr

Learners' performance on S-1
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Learners' scores (out of 80)

mean = 35, median = 38, mode = 44, range = 78-quartile range = 23.5, standard deviation = 18

Figure57Lear ner sd® performance o#) the Card Rot at

The figure shows a continuous distribution of scores #®ito 55 which form a negatively skewed
shape. Furthermore, the figure shows few scosésden 64 and 79, separated from the continuous
distribution. A closer look at these scores shows that none falls beyond three standard deviations
from the mean, suggesting that the distribution had no outliers.

Figure 5.7 shows a small difference betwesalues of the mean of 35 (44%) and the median of 38

(48%). These figures indicate that on average, the learners were able to mentally rotate shapes used
in the test. Ability to execute mental rotations suggests that on average, the learners wolgld be ab

to mentally rotate the Earth and the Moon in order to understand astronomy concepts involving the
EarthMoon-Sun system | t i s to be not ed, however, t hat
mentally rotate twalimensional shapes on plane of the graghile astronomy concepts require

mental rotation of thredimensional objects in space. As a result, results obtained from this test
give us |ittle information about l earnersd abi
astronomy concepts.

Further analysis shows the range of 78 (98%) which shows a very high variability between
minimum and maximum scores obtained by learners in this test. In addition, the analysis shows an
inter-quartile range of 23.5 (29%). This suggests that a reasovatiation of scores among the 36
learners who obtained scores in the middle of the distribution. The standard deviation of 18 (23%)
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shows a considerable variation of scores from the group mean. The high value of the range
suggests that some learnelgained very high scores while others obtained very low scores in the
test. This means that it was very easy for some learners to execute mental rotations measured by
the test, but very difficult for others to execute these mental rotations. Theserdiffemight give

an idea as to why some learners struggle to understand astronomy concepts while others cope fairly
easily with these concepts.

The average score obtained in this study is somewhat similar to the mean score of 48% obtained by
Israeli high shool students (Barnea & Dori, 1999) and a mean score of 56% obtained by South
African high school students (Sanders, 2004), which suggests that other high school students would
be able to execute mental rotations measured by the Card Rotations Testekitiveemean score
obtained in this study is much higher than a mean score of 24% obtained by Egyptian high school
students (AbdeRahim et al., 1990) who answered this test. Scores obtained by the Egyptian
students suggest that they encountered motggrs when mentally rotating cards on plane of the
paper, than students who performed in the current study.

The fact that 28% of learners obtained high scores while 37% obtained intermediate scores suggests
that only few learners (35%) found it easy to ta#iy rotate shapes used in the test. The central
score of 48% suggests that on average, were able to execute mental rotations measured by the test.

Learnersodo performance on -2)he Cube Con

This test measuredllegaroeasé abbéstiyntespmeata T
performance in this test.

Table54L earnersé performance on -2he Cube Comparisons T

Scores Number of learners obtaining the scores
Raw score (out of| Score expressed ay Competence level | actyal number (out Number expressed

21) % of 75) as %

O 16. ] O 80 Very high 2 3
12.5 O 60 O 7 High 1 1
8.3 O 40 O 5| Intermediate 7 9
4.1 O 20 O 3 Low 19 25

o O 4. 0 O 1¢ Very low 36 48
<0 <0 Extremely low 10 13

The table shows that only 4% of the learners obtained high scores (above 60%) while 9% of
learners obtained intermediate scores. Eighty six percent of the learners obtained low scores (below
40%). These results suggelsat the majority of learners struggled to execute mental rotations
measured by the test.
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Figure 5.8 illustrates | earnersédé performance on

Learners' performance on S-2
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Figure58Learnersé performance on -2he Cube Compar

The figure shows a continuous distribution of scores between 0 and 14.6, which form a skewed
shape. In addition the figure showsees on both side of the graph, which are separated from the
continuous distribution of scores. Onipe of these scores (between 18 and 21) falls beyond three
standard deviations from the mean, and therefore qualifies to be an olitlenverall shag of the

graph is positively skewed with one outlier.

The mean score is 3 (14%) while the median score is 2 (10%). These measures of central tendency
indicate that on average, the learners struggled to execute mental rotations measured by this test.
While results obtained from the Card Rotations Test show that learners were fairly able to execute
mental rotations, results from the Cube Comparisons Test show that learners struggled to mentally
rotate threadimensional objects. These results suggest lgerners would likely struggle to

mentally rotate the Earth and the Moon to understand concepts associated with thdoBar§un

system |t has to be borne in mind, however, t ha
rotate cubes while astnomy concepts require mental rotation of spherical objects. Thus,
performance on this test gives us only some idea about difficulties that learners might encounter
when mentally rotating celestial objects.

The range of 26 (124%) shows a very large diffiee between the lowest and the highest scores of
the learners. In addition, the intguartile range of 8 (38%) shows high variation of scores among
36 learners who obtained scores in the middle of the distribution. The standard deviation of 5
(24%) stlows a considerable dispersion of scores from the group mean. The values of range and
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inter-quartile range show that some learners were actually able to execute mental rotations
measured by this test while others struggled to execute these mental rotdtimse differences

help to explain why some learners obtain high scores on tests assessing understanding of astronomy
concepts while others obtain low scores in these tests.

The average score obtained in the current study is lower than the mean $§d®@¥%sabtained by

Israeli high school students (Barnea & Dori, 1999), 24% and 29% obtained by South African high
school students in experimental and comparison groups respectively (Sanders, 2004), and 38%
obtained by Egyptian high school students (AHgahim et al., 1990). A closer look at these
scores shows that participants obtained average score below 39%, which implies that they also
struggled to mentally rotate three dimensional objects in space. These results help to explain why
school learners irdifferent parts of the world struggle to understand astronomy concepts (i.e.
learners lack skills needed to understand these concepts).

Overall performance of learners on the Spatial Orientation tests

The preceding di scus sormance irstheawosSpatiahQrientatioe tastsiwasr s 6 [
very low. This suggests that the majority of learners struggled to execute mental rotation, a skill
measured by the two tests. This, in turn, suggests that the majority of learners would likely struggle
to perform mental rotations required to understand phases of the Moon. Table 5.5 compares
|l earnersd performance on the two tests measurin

Table55Compari son of | eaontheCas Rotghong ahcbQulme &&onmparisons Tests

s Card Rotations Cube Comparisons
cores

Test Test
Number of learners obtaining high scores (above 60%) 26 4
Number of learners obtaining intermediate scores (betweg 34 9
40% and 59%)
Number of learnex obtaining low scores (below 40%) 33 66
Average (central) score (in %) 48 10

The table shows that the majority of learners obtained high and intermediate scores in the Card
Rotations Test, while the majority obtained low scores in the Cube Comparisests
Further mor e, the table shows that | earnersodo ave
10% in the Cube Comparisons Test. These resul
better on the Card Rotations Test which measured menédioro of twedimensional objects on

the plane of the paper, than in the Cube Comparisons Test which measured mental rotation of three
dimensional objects in space.
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5.3.3 Spatial Visualization

| used three tests to measure this skill; the Form Board Ted®aper Folding Test and the Surface
Development Test.

Learnerso6 performance oh the Form Boa
This test measured | earnersdé abil it yimangionad Xecut €
objects on plane of the paper. Table 5.6fllusat es | earnersd performance
Table56Learnersé performance ol the Form Board Test (V
Scores Number of learners obtaining the scores
Raw score (out of | Score expressd as| Competence level |  actyal number (out | Number expressed
120) % of 75) as %
O 96 O 80 Very high 0 0
72 O 9 60 O 7 High 2 3
48 O 7 40 O 5 Intermediate 22 29
24 O 4 20 O 3 Low 24 32
0 0 274 0 O 1¢ Very low 16 21
<0 <0 Extremely low 11 15

The table shows thatnty 3% of learners obtained high scores (above 60%), 29% obtained
intermediate scores, while 68% obtained low scores. This suggests that only 3% executed the
mental manipulations with ease. Twenty nine percent encountered moderate difficulty when
executng these operations, while the majority (68%) struggled to execute these mental
manipulations.

Figure 5.9 illustrates | earnerso6 performance on
distribution of scores from12 to 83, and a few scores betme48 and-25 separated from the
continuous distribution. dhe of the values fall beyond three standard deviations from the mean.

As a result, the distribution has no outliers. Thussttares form a negatively skewed distribution

without outliers.

The mean score is 31 (26%) while the median score is 34 (28%). These scores suggest that on
average, the learners struggled to execute the mental operations measured by the test. These results
imply that learners would likely struggle to execute a seokmental manipulations needed to
understand astronomy concepts, e.g. to imagine the Moon spinning on its axis whilst orbiting the
Earth, and to simultaneously imagine the Earth spinning on its axis whilst orbiting the Sun. It is
important to note that he t e st measured | earner sdimermsibnall i ty t
objects on plane of the paper, while astronomy concepts require mental manipulation -of three
dimensional objects in space. This difference suggests that the results obtaindusfrist give
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us an idea about | earnersd ability to execute r
the Moon.

Learners' performance on VZ-1

14
12
10

Number of learners
ON MO

(-48)-(-37)
(-36)-(-25)
(-24)-(-13)
(-12)-(-1)
0--11
12--23
24--35
36--47
48--49
60-71
72--83

Learners' scores (out of 120)

mean = 31, median = 34, mode = 50, range = 121 ;dutartile range = 36, standard deviation = 27

Figure59Learnersé performance o the Form Board

The range of 121 (101%) shows a large sabifference between the highest and the lowest scoring
learners in this test. Furthermore, the irgjeartile range of 36 (30%)hews a large score

difference among the 36 learners who obtained scores in the middle of the distribution. The
standard deviation of 27 (23%) shows a conside
mean. These values of the range imply thatestearners obtained very high scores while other
obtained very low scores in this test. This suggests that some learners executed the skills measured
by the test with ease while others struggled to execute these skills. This, in turn, suggests that some
learners would easily use these skills when learning about the Madih-Sunsystem while others

would struggle to apply the skills.

The mean score obtained in this test is quite similar to the mean scores of 30% and 26% obtained by
Egyptian high schddoys and girls respectively (AbdBlahim et al., 1990). However, the mean
score obtained in this study is much lower than the mean scores of 42% and 38% obtained by South
African high school learners in experimental and comparison groups respectiaetie(§ 2004).

The mean scores reported by Sanders and ARdeim et al. suggest that other high school
students also struggle to execute mental transformations measured by this test (since no group
obtained mean score above 60%).
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L e a r n e rosnancepor the Paper Folding Test (V2)

The test measured |l earnersd ability to-execut
di mensi onal object in space. Table 5.7 ustr
Tableb.7Learnersdé performance oRr2)the paper Folding Test
Scores Number of learners obtaining the scores
Raw score (out of| Score expressed aj Competence level |  acial number (out Number expressed
10) % of 75) as %
o 8 O 80 Very high 4 S
6 O 7. 60 O 7 High 1 1
4 O 5. 40 O 5| Intermediate 23 31
2 0 3 20 O 3 Low 16 21
0o 0 1 0 0 19 Very low 21 28
<0 <0 Extremely low 10 13

The table shows that only 6% of the learners obtained high scores (above 60%), 31% obtained
intermediate scores while 63% obtained low scores. These results suggest that only 6% of the
learners executed the skill measure by this test with ease. The majority (63%) struggled to execute
these skill s. Figure 5. 10PdpdrFoldeigTesht es | earner s

Learners' performance on VZ-2 test

Number of learners
o)
1

3 -2 -1 o 1 2 3 4 5 6 7 8 9

Learners' scores (out of 10)

mean = 2, median = 3, mode = 4, range = 12,-iqt@rtile range = 4, standard deviation = 2.6

Figure510Lear ner s performance on2)the Paper Fol d
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The figure shows aontinuous distribution of scores betwednand 6, and has some scores 8

and 9) separated from the continuous distribution. The continuous distribution of scores appears to

be somewhat bimodal, i.e. there appears to be one cluster of scores bétaeer2, which have 0

as their mode, and another cluster of scores between 2 and 6, which have 4 as their mode. No
values fall beyond three standard deviations from the mean. As a result, the distribution has no

outliers.

The mean score of 2 (20%) artetmedian score of 3 (30%) indicate that on average, the learners
struggled to perform a series of mental manipulations on a-timeensional object in space.

While results obtained from the Form Board Test show that the majority of learners struggled to
execute a series of mental transformations, the results of the Paper Folding Test indicate that the
majority of learners encountered more difficulties when executing these mental transformations on
a threedimensional object in space. Results obtainedhfthe Paper Folding Test give a better
indication that learners were likely to struggle executing mental manipulations needed to understand
astronomy concepts. It has to be borne in mind, however, that the Paper Folding Test measures
ability to fold pape in space while astronomy concepts require people to mentally rotate and
revolve spherical objects. Despite this difference, results of this test give us an idea about the kind
of problems that learners are likely to encounter when trying to understaoepts associated with

the EarthMoon-Sunsystem

The range of 12 (120%) shows a very high difference between the minimum and the maximum
scores obtained by the learners. In addition, the-auartile range of 4 (40%) indicates a high

variation of scaes among the 36 learners who obtained middle scores in the test. The standard
deviation of 2.6 (26%) shows a considerable de
The high values of the range and intrartile range indicate that some learretscuted the skills

measured by this test with ease while others struggled to execute these skills. These results help to
explain why some learners perform better in astronomy concepts while others struggle to
understand these concepts.

The mean scorebtained in this test is somewhat similar to mean score of 25% obtained by Israel
high school students (Barnea & Dori, 1999) and a mean score of 35% obtained by Egyptian high
school students (Abd€tahim et al., 1990). However, the average score obtaintds study is

lower than the mean score of 40% obtained by South African high school students (Sanders, 2004).
A closer look at mean scores reported by AlRighim et al., Barnea and Dori and Sanders shows
that all the learners struggled to executdlskneasured by this test, which explains why many
struggle to understand astronomy concepts.

Learners6 performance on th3d Surface

This test measured | ear ner sdimensibnallobjectyromitewwvme nt al |
di mensi onal representation. Table 5.8 illustra
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Table58Learnersé6 performance on th3® Surface Devel opmen
Scores Number of learners oltaining the scores
Raw score (out of| Score expressed ay Competence level | - actyal number (out Number expressed

30) % of 75) as %

0 23. 0 80 Very high 0 0
17.9 O 60 O 7 High 1 1
11.9 O 40 O 5| Intermediate 2 3
5.9 O 20 O 3 Low 28 37

0o O 5. 0 0 1¢ Very low 35 47

<0 <0 Extremely low 9 12

The table shows that only 1% of the learners obtained a high shdee3#6 obtained Intermediate
scores. Ninety six percent obtained low scores (below 40%). These results suggest almost all
learners struggled to execute the skills measured by this test. Figure 5.11 illustrates the distribution
of | ear ner sthe Surkace DevelopmentsTesp

Learners' performance on VZ-3

Number of learners

9--11.9

(-6)-(-3.1)
(-3)-(-0.9)

12--14.9

Learners' scores (out of 30)

15--17.9
18--20.9
24--26.9
27--29.9

mean = 4, median = 4, mode = 3, range = 26,-@rtile range = 5, standard deviation = 4

Figure5.11Lear ner s6 performance on th3® Surface Deve

Thefigure shows a continuous distribution of scores betw8emd 18, and has one score (between

21 and 24) separated from the continuous distribution of scores. This score falls beyond three
standard deviations from the mean, and qualifies to be anroufliee distribution appears to be
somewhat positively skewed with one outlier.
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The mean and median scores of 4 (13%) suggest that on average, the learners encountered serious
problems when trying to execute mental transformations measured by thifRkesstlts obtained

from the previous two tests show that learners struggled to perform mental transformations
involving manipulations of twalimensional objects on plane of the paper (Form Board Test), and
threedimensional objects in space (Paper Foldingt)le Results obtained from the Surface
Development Test show that learners encounter even more problems when mentally constructing
three dimensions objects from diagrams of flat representations of the objects. All these results
suggest that learners arikely to encounter problems when trying to understand astronomy
concepts associated with the Eadbon-Sunsystem

The range of 26 (87%) shows a high variation of minimum and maximum scores. Thpuartde

range of 5 (17%) indicates a low score diéfece among the 36 learners who obtained scores in the

mi ddl e of the distribution. The standard devi
scores from the group mean. The high value of the range suggests that some learners obtained high
scoredn this test while others obtained very low scores. This suggests that some learners might be
able to apply this skill to the Eartfloon-Sunsystenmto understand astronomy concepts.

The mean score obtained in this test is somewhat similar to the me@s s¢ 17% and 13%

obtained by Egyptian high school boys and girls who participated in Abdeh i m et al 0s
study. However, the average score obtained by learners in this study is much lower than the mean
score of 40% obtained by South Africanthig s ¢ h o o | students who partici
study. The results show that learners poor performance in this test compares to poor performance
reported in literature.

Learnersod6 overal/l performance on the
Table59ompares | earnersd performance in the three
Table59Compari son of | earnersé scores on the three spa
Form Paper Folding | Surface Developnent
Board Test Test Test

Number of learners obtaining high scores (aboy 3% 7% 1%

60%)

Number of learners obtaining intermediate scor| 29% 31% 3%

(between 40% and 59%)

Number of learners obtaining low scores (below 68% 63% 96%

40%)

Average (central) score 28% 30% 13%

The table shows that very few learners obtained high scores in the three tests (3%, 7% and 1%)
while the majority obtained low scores (68%, 63% and 96%). In addition, learners obtained
average scores of 28%, 30% and 13% in the three tests. Thdseseggest that the majority of
learners struggled to perform a series of mental transformations eantivbireedimensional



object in space and on plane of the paper. This, in turn, suggests that the learners might struggle to
undertake multiple mentgdrocesses needed to understand concepts associated with phases of the
Moon.

Learnersd performance in Form Board and Paper
learners (3% and 7% respectively) obtained high scores, reasonable number (29% and 31%)
obtained intermediate scores, while the majority (66% and 63%) obtained low scores. In addition,

|l earnersd average scores were 28% and 30% in t
much lower in the Surface Development Test, where only 1%neltdnigh scores, 3% obtained
intermedi ate scores while 96% obtained | ow scor
Poorer performance in the Surface Development Test suggests that the learners encountered more
problems when mentally manipulag threedimensional objects in space.

Poor performance reported in the current study and in researchers conducted elsewhere in the world
helps to explain why many people struggle to understand astronomy concepts which require
simultaneous mental manigtions of the Earth, the Sun and the Moon. For example, people who
lack ability to imagine the Moon spinning on its axis at the same rate that it orbits the Earth might
struggle to understand why only one side of the Moon is visible from Earth. In rtfee\gay,

people who lack ability to imagine the Moon orbiting the Earth as the Earth orbits the Sun (so that
relative positions of the Earth, the Moon and the Sun change slightly each day) might struggle to
understand why the Moon rises later each day.

534 Summary of | earnerso performance on tFh
Table 5.10 summarizes | earnersé6é performance 1in
study.
Table 5.10 Summary of scores obtainedy the learners across the six spatial ability tests
Spatial abilty test Central score for the Number of learners (in %) per competence
group (in %) High Moderate Low
Card Rotations 48 28 37 35
Hidden Patterns 33 2 31 66
Form Board 28 3 29 68
Paer Folding 30 7 31 63
Cube Comparisons 10 4 9 87
Surface Development 13 1 3 96

Table 5.11 summarizes results illustrated in Table 5.10.
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Table 5.11 Summary of scores illustrated in Table 5.10

Spat Central score for the Number of learners (in %) per competence
patial tests in %
group (in %) High Intermediate Low
Card Rotations Test 48 28 37 35
Hidden Patterns, Form
Board & Paper Folding 303 4+3 301 65+3
Tests
Cube Comparisons &
Surface Developmén 11+2 3x1 6+3 915
Tests
The table shows that | e abilityéestscan bp eatedoozednrdorticee |
groups:

1 Card Rotations Test About the same number of learners obtained high, intermediate and low
scores in this &. In addition, learners obtained an average score of 48% in this test. Analysis
of Table 5.11 shows that this test was the easiest of all the six. Intermediate performance of
learners on this test suggests that on average, learners were fairly rablgtdtly rotate objects,

a skill required to understand phases of the Moon.

1 Hidden Patterns, Form Board and Paper Folding Tests Learners appear to have
encountered difficulties when executing skills measured by these tests since only few (x 4%)
obtaned high scores, a reasonable number (£ 30%) obtained intermediate scores, while the

n

t

majority (N 65%) obtained | ow scores. The gr
further suggest that the learners struggled to undertake skills measuredebiesite. Table 5.11
shows that the |l earnerb6s performance was pooOr ¢

measures only mental movement on the paper plane.

The Hi dden Patterns and Form Board Tedts me a

synthesize/separate tvaimensional objects on the plane of the paper. Poor performance on
these tests suggests that the learners were likely to struggle with these mental manipulations
when interpreting diagrams illustrating the Eavtbon-Sun system The Paper Folding Test
measured | earnerso ability to mentally move
in this test suggests that the learners were likely to encounter problems in mentally moving and
synthesizing objects in space, the skileeded to understand concepts associated with phases of
the Moon.

1 Card Rotations and Surface Development Testd earners appear to have encountered serious
difficulties when undertaking mental processes needed to answer the tests. Very few learners
obtained high and intermediate scores (i.e. £ 3% and + 6% respectively), while the majority (+

a |

91%) obtained | ow scores. The | earnersoé6 centr
that the learners struggled to execute skills measured by the.test Bot h t est s meas.

ability to construct and manipulate mental images of tdieeensional objects from two
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dimensional drawings. Poor performance in these tests suggests that learners were likely to
struggle executing these skills when mpteting diagrams illustrating phases of the Moon.

When analysing these resulige should remember that research shows correlations between spatial
ability and | earnersdé achievement in science sl
high spatial ability skills are more likely to succeed in these subjects, than learners with low spatial
ability skills. Low scores obtained in the six spatial ability tests administered in the current study
suggest that the majority of participants wekelly to struggle understanding science subjects. In

fact, low spatial ability scores obtained in this study and in research conducted elsewhere in the
world help to explain why many people struggle to understand science subjects.

We should also rememb#rat some researchers found results suggesting that spatial ability can be
improved. These researchers used different activities, e.g. asking learners to imagine how an object
would look after a particular mental transformation (or a series of trangfonsjg and then asking

the learners to use twdimensional representations, thwdiemensional objects and/or computer
simulations to verify how the object looks after these mental transformat®ngg low spatial

ability learners practice in these ktasnight increase their spatial ability skills, and consequently,
their chances of understanding concepts requiring use of these skKills.

It has to be borne in mind however, that spatial ability is only one of the factors that determine

| ear ner s dility(otlked énahide (bua are not limited to) verbal ability, logical reasoning,

and memory span). Thus, results obtained from spatial ability test give us important information
about | earnersé ability to cop objestsihdpace, bustklls r e g u
us very little about | earnersé overall academic

5.3.5 Caution about interpretation of these results

Research on mental processes shows that poor performance in spatial ability tests could result from
part i ci pitytoti)sfam dcaurate indntal images of stimulus shapes, (ii) undertake mental
transformations measured by each test, and/or (iii) to compare stimulus shapes. It has been
difficult, in this study, to know the number of learners who were able to encatlemnpare

stimuli, but failed to undertake mental transformation measured by each test. Consequently, the
results discussed in this chapter have to be interpreted with care.

Research on mental strategies shows that sometimes people answer spayiakstsilby using
strategies not prescribed in manuals of the tests. This research further indicates that sometimes
people change strategies when answering sgadiiliy tests. It has been difficult, in this study, to

know the number of learners who nsistently used strategies prescribed in the manual when
answering the spatial tests. Thus, some students might have changed strategies, and others might
have consistently used strategies not prescribed in the manual of tests used in this studys With thi

in mind, results discussed in this chapter should be interpreted with care.
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5.4 Answer to Research Question 2

The second research question has been stated as folldved:is the level of Grade 9 Natural
Science learners6 spatial ability skills?

The following discussion answers this question by considering the three sylitsskills:

U Spatial Perception (ability to detach a pattern from a complex configuratiBepults obtained
from the Hidden Patterns Test show that the majority of learnerswealein this skill.

0 Spatial Orientation (ability to mentally rotate objects)Results obtained from the Card
Rotations Test indicate that on average, learners were able to mentally rotate objects. However,
results obtained from the Cube Comparisonst Tiedicate that the majority of learners were
very weak in mental rotation of thrgmensional objects in space.

0 Spatial Visualization (ability to execute a series of mental operatioRgsults obtained from
the Form Board and Paper Folding Testddat that the majority of learners were weak in
performing series of mental operations. Results obtained from the Surface Development Test
indicate that the majority of learners were very weak in performing a series of mental
operations involving thredimensional objects.

An overall result is that the learners had low spatial ability skills, particularly those involving
mental manipulation of thredimensional objects in space.

5.5 Selection of learners for participation in interviews

Several researchemmrgue that spatial ability skills are necessary for understanding astronomy
concepts. | have shown in Section 1.4 (p 5) that one of the aims of this study was to investigate
possible |Iinks between spatial allustratingtplyaseaof d | e a
the Moon. As a result, | used spatial ability scores to select 10 learners for participation in
interviews, five with high spatial ability scores and the other five with low spatial ability scores. It
became important to find a saible mechanism for selecting learners on the bases of the scores
obtained in tests measuring different aspects of spatial ability.

Raw scores enable researchers to compare | earr
different tests (Fraser, 1991).Rosenthal and Rosnow (2008) propose that raw scores be
standardized in order to compare | earnersodé per

process of converting scores into units that express differences from the mean in standard deviation
units (Haslam & McGarty, 2003). That is, standard scores (referred tesemres) indicate the
difference between each score and the group mean score in standard deviation-sodres of

values below group mean have negative values whileores of alues above the mean have
positive values.
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Haslam and McGarty (2003) and Fraser (1991) discuss advantages of-asorgz these scores
allow researchers to compare (a) performance of different learners on the same test, (b)
performance of the samealmer in different tests, and (c) performance of different learners in
different test by indicating how far each score is from the group mean score in standard deviation
from diff er en tscotedRosesthalma y
Rosenthal and Rosnow warn that the sumsobres does not make a
composite zscore for the learner. The compositecores can be calculated from the totatares

units. Z2s cor es
& Rosnow, 2008).

of the learners.

obt ained

| followed the advice of these autisoby converting raw scores tesgores per spatial ability test

(see the &cores in Appendix H).
composite s cor es.
earnersbé

indicae |

The

| numbered the learners from 1 to 75 depending on their
fi
standardi

rst column of Appendix H
zed scores i n-seprasc h t

while Column 9 indicates the compositsares calculated from the sum edares in Column 8.

My intention was to select five learners with the highest stansieores, and five with the lowest

scores to participate in interviews.

interviews because of reasons discussed in Table 5.12.

However, some of these learners could not participate in

Table 5.12 Reasons eglaining why some suitable learners could not participate in interviews

Reason

Learners with low spatial
ability scores

Learners with high
spatial ability scores

Some learners had indicated on the consent forr

1, 3,5,10, 12, 14 and

school when interviews were conducted

that they would not like to participate interviews | 19 66 and 72
Some learners did not indicate on the consent | 2, 4,6, 7,9, 15, 17, 20,

forms, whether they would be willing to participa] 21, 22, 23, 24, 25 and | 65, 66 and 67
in interviews 26

Some learners had indiea willingness to

participate in interviews, but were no longer in th 18 and 19 70 and 74

The table shows that nine learners had indicated their unwillingness to participate in interviews, 17
had left this sectioblank on the consent form while four had agreed to participate in interviews but
were no longer in the school.

be

S
es

Table 5.13 summarizes standardized scores of ten learners selected to participate in the interviews
(the learners are highlighted in Appendix Hrhe table shows that out of the five learners with low
spatial ability scores: four scored more than one standard deviation below the group mean while the

fifth (Karabo) scored 0.39 standard deviations below the group mean score.

The table further

shows that out of the five learners with high spatial ability scores: four scored more than one
standard deviation above the group mean while the fifth (Seboka) scored 0.92 standard deviations
above the group mean score. The table further shows that etieh lifjh spatiahbility learners
obtained low scores in at least two spatial ability tests (shaded in Table 5.13). Despite this, these

132



| earners obtained the highest spati al scores
tests.
Table 5.13 Scores of learners who participated in the interviews
c z-scores for each spatial test
>
ag";é _§ Sum of | Composite
552 3 CF-2 S1 S2 | vz-1 | vz-2 | Vvz-3 | Zscores | z-score
sz2z| o
8 Lisebo -1.47 -1.10 | -0.42| -1.29 | -0.21 | -0.14| -4.64 -1.36
>
s 11 Lehana | -0.96 | -0.12 | -0.22 | -0.77 | -0.01 | -1.91| -3.99 -1.18
<
b= 13 Makalo | -0.77 | 0.20 | -0.01| -2.15 | -1.10 | -0.14| -3.97 -1.17
Q)
(%]
g 16 Motena | -1.35 | 0.80 | -0.83 | -1.11 | -0.61 | -0.38| -3.47 -1.02
-
27 Karabo | -042 | -0.18 | -0.42 | 0.64 | -0.21 | -0.73| -1.32 -0.39
P ——————
64 Seboka | 0.79 0.04 | 1.61 | 0.42 0.48 -0.20| 3.14 0.92
% 69 Fumane | 1.14 1.02 | 0.60 | 0.23 0.58 1.03 4.60 1.35
<
o 71 Masilo -1.00 | 064 | 1.21 -0.06 | 1.07 | 421 6.06 1.78
(7)]
S 73 '‘Mamosa | 0.95 0.80 | 0.39 | 1.39 255 | 0.74 6.82 2.01
T
75 Selomo | 1.08 091 | -022 | 191 2,55 | 2.80 9.03 2.66

Throughout this thesis, | have arranged the ten learners in the order illustrated in Table 5.13, so that
Lisebo obtained the lowest spatial ability scores while Selomo obtainddgihest spatial ability

scores. | used a thick line between Karabo and Seboka to differentiate between the five learners
with low spatial ability scores (above this line) and five learners with high spatial ability scores
(below this line).

5.6 Summary

The current chapter has presented scores obtained by learners on the six spatial ability tests, and
provided an answer to the second research question. In addition, the chapter has shown how | used
the results to select learners for interpretation of dragriflustrating phases of the Moon. The next
chapter presents results obtained from analyzing diagrams illustrating phaselslobthe
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Chapter 6 Di agram anal ysi s

6.1 Introduction

This chapter presents analysis of diagrams illustrating phases of the Moon. rphsepaf this

analysis was to identify design problems in these diagrams, and to select diagrams which had fewer
design problems to be used during interviews. Section 6.2 gives an overview of information used in
the 24 books to explain phases of the Mo&ubsequent sections deal specifically with diagrams
illustrating phases of the Moon. Section 6.3 presents a critical analysis of these diagrams,
indicating design flaws and scientific problems found in the diagrams. Section 6.4 presents an
answer to th third research question. Section 6.5 outlines conventions used in the diagrams.
Section 6.6 describes how findings discussed in Sections 6.2 and 6.3 were used to select diagrams
used in interviews.

6.2 Overview of information dealing with phases of the Moon

Teachers can usseveral resources when teachadgput phases of the Moon, e.g. charts, models

and textbooks, schools usually have more access to textbooks than to these other sources of
information. Learning can be enhanced if these resourcesermr accurate information.
Furthermore, teaching can be easier when textbooks have all information needed to explain
concepts, but might be hampered if textbooks provide less information than required to understand
targeted concepts.

This chapter presengnalysis of 28 diagrams illustrating phases of the Moon. These diagrams are

taken from 24 books. All the diagrams are intended to help learners understand phases of the

Mo on. Thus, according to Duchasexgamryrolellmssi fi c
addition to diagrams, the books use the following types of information to explain phases of the
Moon.

1 Text Some books provide textual information dealing with phases of the Moon. Text can
explain the cause of moon phases and describeshiape of the Moon during each phase.
Furthermore, text can give information about the sequence of moon phases, and names given to
these phases.

1 Modelling activities Some books recommend that learners use models to simulate changing
configurations ofthe components of th&arthMoon-Sun system These activities can give
information about the cause and sequence of moon phases.

134



1 Moon chart Some books recommend that learners observe the Moon daily for a period of a
month, and record observationsaimoon chart. These moon charts give information about the
sequence of moon phases, but not about the cause of these phases.

Section 3.5.1 (page 73) discusses criteria used to arrange the books in order of complexity of
diagrams (from 1 to 24). Simpleiagrams were considered to be those illustrating phases of the
Moon only, while complex diagrams were considered to be those illustrating the Earth, the Sun, the
Moon orbiting the Earth, and phases of the Moon. Table 6.1 illustrates the extent totlvehich
books used each of the four information sources (diagrams, moon charts, modelling activities and
text) when dealing with phases of the Moon.

Table 6.1 Types of information dealing with phases of thé/loon in the 24 books

Book Grade | Moon Mod_el_ling Text Zlc?.gc:?moon No. of moon
number | level chart activity Sun Earth L

positions phases
1 4 \/ \) 4
2 5 \Y \Y \"/ 4
3 6 V V \) 4
4 8 V V \) 14
5 7 \) 8
6 5 V V \) 8
7 6 \/ \) 6
8 5 \/ \) 8
9 8 \Y \Y \"/ 11
10 8 \Y \Y \"/ 8
11 4 \" \"/ \" 4 4
12 5 \"/ \) \) \"/ 8
13 7 V \) Vv 8
14 4 V \) \) Vv 4 8
15 6 \/ \) \) \'/ 8 8
16 5 \) \) \'/ 4 4
17 4 \Y \Y \"/ \"/ \Y 8 4
18 6 \%) V 8 8
19 4 \"/ \) \) \"/ 8 8
20 6 \) \) \"/ 4 8
21 7 \" \) \) Vv 8 8
22 7 \) \) Vv 8 8
23 7 \Y \"/ \"/ A\ 12 12
24 8 \"/ \"/ A\ 8 8

1 Books 1 to 10 have diagrams illustrating the sequence of moon phases, but do not illustrate the
Earth, the Sun, and the Moon orbiting Earth (the latter information would help to explain why
the Moon gpears to change shape as seen from the Earth). All these diagrams supplement

13¢



and/or complement other sources of information in the books. Nine of the books have textual
information dealing with phases of the Moon; seven books prescribe modellingexctiviile

eight recommend that learners complete a moon charts. Text and modelling activities can be
used to explain the cause of moon phases while the diagrams and the moon charts illustrate the
sequence of these phases.

Book 11 has a diagram illustragirthe Earth, the Moon in four positions around the Earth, and
corresponding phases of the Moon. This diagram can be used to explain that the Moon orbits
the Earth, and to further explain that the shape of the Moon appears to change as seen from the
Earth. However, information in the diagram is not enough to explain the cause of moon phases
since the Sun is not illustrated in the diagram. Martireraa and GiQuilez (2001) found that

the Sun and/or the Earth were missing in some diagrams. Thus, probfemssing
information identified in this study corroborate a problem identified in a previous study. It is
worthy to note that the book has textual information dealing with phases of the Moon. This text
can be used to explain the cause of moon phases.

Books 12 and 13 illustrate the Sun, the Earth, and phases of the Moon placed in eight positions
around the Earth. The Moon as seen from space is not shown in the diagrams, and no
explanation has been provided for this. MartiRena and GiQuilez (2001)found a similar

problem in diagrams illustrating phases of the Moon. That is, they found that some diagrams
illustrating phases of the Moon did not illustrate the Moon as seen from space, and provided no
explanation about this matter. Diagrams 12 andtd help learners to understand that the
shape of the Moon appears to change as seen
Furthermore, these diagrams can help learners to understand the sequence of moon phases.
However, information in the diagms is not enough to explain the cause of moon phases. Each

of the two books prescribes a modelling activity for the learners. In addition, Book 12 has
textual information dealing with phases of the Moon. These other sources of information can
help leaners to understand why the Moon appears to change shape as seen from the Earth.

Books 14, 16, 17 and 20 have diagrams illustrating the Sun, the Earth, the Moon orbiting the
Earth, and phases of the Moon. However, each of these diagrams can help tooetkyp faiar

phases of the Moon. Books 14 and 20 have diagrams illustrating the Moon in four positions
around the Earth, and eight phases of the Moon. Book 16 has a diagram illustrating the Moon
in four positions around the Earth, and corresponding phafsée Moon. Book 17 has a
diagram illustrating the Moon in eight positions around the Earth and four phases of the Moon.
All the four books have textual information dealing with phases of the Moon. In addition,
Books 14 and 17 recommend that learnemmete a Moon chart while Book 17 recommends

a modelling activity for the learners. The text can be used to help learners understand the cause
of all eight phases. In addition, the modelling activity in Book 17 can be used to help learners
understand # cause of all Moon phases.

Seven books (15, 18, 19, 21, 22, 23 and 24) have diagrams illustrating the Sun, the Earth, the
Moon in at least eight positions around the Earth, and corresponding phases of the Moon.
These diagrams can be used to explainhaldight phases of the Moon. Six of these books
have textual information dealing with phases of the Moon. In addition, one of the six books
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prescribes a modelling activity, while three books recommend that learners complete moon
charts. Textual informain and modelling activity can give additional information about the
cause of moon phases. The diagram in a book that has no other information about phases of the
Moon (Book 18) should illustrate all the concepts needed to understand moon phases.
However this is not the case because, for example, the names of moon phases are not presented
in the diagram. This suggests that learning can be hampered if teachers do not provide
additional information.

The curriculum requires learners in the IntermediatasBho know the sequence of moon phases

and to understand that these phases can be explained by the motion of the Moon relative to the
Earth and the Sun. This curriculum requires Senior Phase learners to understand that motions of the
Earth and the Moonam explain concepts such as phases of the Moon.

The discussion presented in this chapter shows that 13 books have simple diagrams mainly
il lTustrating the sequence of moon phases, but
orbit around the Earth Eight of these diagrams are in books designed for use in the Intermediate
Phase while four are in books designed for use in the Senior Phase. All the 13 books present textual
information and/or modelling activities to help learners understand the ohuseon phases. |t

appears that the diagrams are intended to supplement text and/or modelling activities by pictorially
illustrating the sequence of moon phases.

Further analysis shows that four books have fairly complex diagrams that can explanases of

the Moon while seven books have complex diagrams that can explain all the eight phases of the
Moon. Understanding information illustrated in the complex diagrams requires learners to imagine
looking at the EartiMoon-Sunsystemfrom different pespectives, to mentally spin the Earth on its

axis and to orbit the Moon around the Earth. These processes require learners to undertake
processes at Piagetbdés for mal 0 p d2year olds fuaction | e v e |
at this level). Seven of the complex diagrams are in books designed for use in the Intermediate
Phase while four are in books designed for use in the Senior PhiEsemediate Phase learners are

roughly 9to-11 year old while senior phase learners are roughitp-112l years old) According to

Pi agetbs | evels of devel opment , complex diagra
learners in the Intermediate Pha§ie would expect publishers to use text and modelling activities

to explain the cause of moon phade these learners, and to provide simpler diagrams illustrating

the sequence of these phases. The publishers would then use complex diagrams to explain the
cause of moon phases for senior phase | earners
However, this is not the case in the books surveyed in this study.

Analysis of Table 6.1 shows that 15 books deal with moon phases in the Intermediate Phase while
nine deal with the topic in the Senior Phase. There appears to be no link between diagram
complexity and grade level. That is, complex diagrams are found in books designed for lower
grades (e.g. Diagram 19 in a Grade 4 book) and in books designed for senior grades (e.g. Diagram

24 in a Grade 8 book). In the same way, simpler diagrams are ifoirabks designed for lower

grades (e.g. Diagram 1 in a Grade 4 book) and in books designed for senior grades (e.g. Diagram 4

in a Grade 8 book). This observation corroborates Marffeem and GiQui | ez 6 s (200
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observation that the same diagram isniun books used by learners at different levels of
education.

Anal ysis Diagrams 11 to 24 shows that artists i
as the Moonds orbital pat h. As a r esliptictn, the |
these diagrams, so that New Moon erroneously occupies the position that results in a solar eclipse
while Full Moon erroneously occupies the position that results in a lunar eclipse. Several
researchers have made a similar observation, and muplost this representation might enhance a
common misconception in which people associate
(e.g. Dove, 2002; Engestrom, 1991; MartiiEma & GitQuilez, 2001; Trundle et al., 2002). In
reality, t thsetiltedat Bthd st lme bpl ane of the Earthoés ortk
illustrate the Earth and the Moonds orbits in d
to be understood by school learners. The theory of models suggestsffdrances between

diagrams and the Eartfloon-Sun systemconceptualized by scientists should be explained to

diagram users. However, the books analyzed in this study provided no information explicating the
differences. This means that teachers shouldl learners to see these differences (but this might

be difficult if teachers do not understand the topic). If the differences are not pointed out, learners
might consider diagrams as exact replicas obtrstem

Further analysis shows that relative siznd distances between the Earth, the Sun and the Moon

are not maintained in Diagrams 11 to 24. As a result, the-Eartm-Sunsystemillustrated in the

diagrams differs from thsystemas conceptualized by scientists. Some researchers have noted this
problem in diagrams illustrating phases of the Moon (e.g. Dove, 2002; Engestrom, 1991 and
Subramaniam & Padalkar, 2009). Engestrom argues that this representation fails to indicate that the
probability of the Earthos slh ardrinevmore,aBndestrony on t
(1991) and Subramaniam and Padalkar (2009) argue that this representation could enhance a view
that the Earthbés shadow causes phases of the Mo

6.3 Design problems associated with the diagrams

Section 6.3.1 gives a general oview of the instrument while subsequent sections discuss
problems found in the diagrams.

6.3.1 Overview of the diagram-analysis instrument

The instrument consists of three levels of analysis: the syntactic level, the semantic level and the
pragmatic levelgee the instrument in Appendix D).
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Syntactic level

This level of analysis investigates the extent to which diagram design enables viewers to perceive
marks, and to organize the marks into perceptual units. Three principles are used for this purpose:

Perceptual ApprehensianThis principle deals with perception of marks by viewers, and is stated
as follows: Diagrams should be designed so that marks are easily perceived, to allow viewers to
see the visual message conveyed by each. nTdris principleis violated for example if marks are

not (i) big enough to be perceived by viewers (ii), clearly printed and legible to be perceived, (iii)
perceivable against the background.

Perceptual OrganizationThis principle deals with organisation of maik$o peceptual units by
viewers, and is stated as follovBesign of diagrams should enable viewers to perceive associated
marks as linked The following can help viewers to view marks as linkedcdntinuity €.g. left

right and/or topdown arrangement uséa the reading culture of learners, and usagearaiws and
numbers to connect parts of a diagram), (ii) proximity, (iii) similarity in colour, pattern, and form,
and (iii) framing (e.g. usage of empty spaces, lines, and colour discontinuities). Thplerisic
violated for example if no mechanism is used to enable viewers to perceive 8 phases of the Moon as
a unit, to perceive 8 positions of the Moon as a unit, and to link the Sun, the Earth, moon positions
and phases of the Moon.

Processing Limitations This principle deals witltapacity limitations of working memory, and is
stated as followsDiagrams should be designed so that information can be processed without
overloading working memoryThis principle is violated for example if (i) a diagram camsamore

than 4 perceptual uniterily 4 unitscan be held in mind at once, although up to seven can be seen
at a single glanceor (ii) perceptual units deal with more than one main message.

Semantic level

This level of analysis focuses on interpretatidnmarks and their configurations. Three principles
are used for this purpose:

Harmony: This principle deals witeynchronization between messages conveyed by different parts

of a diagram, and is stated as followidagrams should be designed sattkthere is consistency in

the meaning associated with each marke principle is violated, for example, if (i) size of the

Moon (in its orbital path) differs from size of the Moon in the lunar phases, (ii), the number of
moon shapes in the lunar circlégfers from the number of lunar phases, (iii) colour of the unlit part

of the Earth and/or Moon differs from colour of the night sky (if this is represented), (iv), colours of

the illuminated part of the Earth differ from colour of the illuminated pathefMoon, and either

of these differs from colour of the sunbs rays

Non-ambiguity. This principle deals wittcertainty of messages conveyed by the marks in a
diagram, and is stated as followssnbiguous use of marks shdibe avoided, as this might prevent
viewers from understanding meanings of the mailikss principle is violated for example if (i) the
difference is not clear between the following phases: gibbous moon shapes and Full Moon, gibbous
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shapes and half momhapes, and crescent moon and half moon shapes, and (ii) readers cannot
decide whether the black or the white colour represents the appearance of the Moon as seen from
the Earth.

Scientific Accuracy This principle deals witlcientific accuracy of markwaking the diagram, and

is stated as followsDiagrams should be designed so that marks accurately represent scientific
conceptsThis principle is violated for example if (i) the sequence of moon phases is not accurately
represented (e.g. some phases hbgen misplaced), (ii) labels for phases of the Moon are
inaccurate, or (iii) the Moon's orbit is drawn as circular, but a trace of Africa (or any country) is
illustrated on the side.

Pragmatic analysis

This level of analysis focuses on appropriateradsdiagrams for their intended purpose and for
specific target audiences. Three principles are used for this purpose:

Purpose Compatibility This principle dealswith appropriateness of diagrams for their intended
purpose, and is stated as followsxtud information should be provided to explain the purpose of
each diagram. In addition, each diagram should have an appropriate amount of information
needed to achieve its intended purposkhis principle is violated for example if (i) no verbal
elements @ used to describe what the diagram is intended to show, (ii) some information is
lacking, which is needed to fulfil the intended purpose of the diagram, (iii) irrelevant information is
found in the diagram (as this could cause visual and cognitive adgrlo

Textual Compatibility This principle deals withconformity between diagrams and the
accompanying text, and is stated as followsdiagrams are intended to illustrate concepts
described in text, there must be correspondence between the diagrahedextual contentThis
principle is violated for example if diagram and the text employ different terminology or give
contradictory messages.

Audience Compatibility This principle dealsvith appropriateness of diagrams for the intended
audience, ant stated as followsDiagrams should be designed to comply with culture and context

of intended viewers This principle is violated for example if (i) diagrammatic information is
presented against the tdpwn leftright reading convention used in schxoor (ii) a diagram
intended for use in the southern hemisphere illustrates phases of the moon as they appear in the
northern hemisphere.

6.3.2 Notes regarding critique of diagrams

| define a violation as an error made by designers of diagrams. Thesecamdog corrected.

Thus, the issue of relative sizes and distances
ecliptic are not considered to be violations because correcting those issues would be diBoult.

it is important to note thatogne design flaws violate more than one principle. Such errors have
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been discussed under different principles, the discussion indicating the nature of violation in each
case.

6.3.3 Syntactic Analysis

This level investigates the extent to which diagram dealignvs viewers to perceive marks and to
organize the marks into perceptual units. This analysis consists of three principles.

Principle 1: Perceptual Apprehension

Diagrams should be designed so that marks are easily perceived. This would allens\te see
the visual message conveyed by each mark.

Only one diagram (Diagram 22b) violated this principle. In this diagram, arrows representing the

Sunés rays (placed near a | abel 6sunlightoé) ar
Wi thout these arrows, it mi ght be difficuldt t
il luminated by the Sundés rays. |l mpact of t hi

activity together with the diagram. The activity would showrlearr s t hat the Sunds |
half of the Earth and the Moon at all times. Teachers who have no resources to model changing
configurations of thecomponents of th&arthMoon-Sun systemmight have to draw a diagram
showing that t hate h&vesnodthe Barthyarsd the Mdéon. nTihe fact that teachers

have to make drawings in addition to the textbook diagram suggests that the diagram does not fully
serve its intended purpose of visually presenting information.

Only one study has been found literature, which reported problems of perceptual apprehension

(i.e. Khanyane, 2002). Khanyane found that some information was difficult to see in a diagram
illustrating causes of air pollution. Furthermore, she found that some captions were watfentin

used in the text. As a result, the captions co
to see.

Principle 2 (Perceptual Organization)

Design of diagrams should enable viewers to perceive associated marks as linked. Several
meclanisms can be used to help viewers to perceive marks as linked. These docltiiolaity,
proximity, similarity, faming, and use of arrows and numbhers

Only three diagrams violated this principle. Diagram 17 has two parts; the first illustrates four
phases of the Moon while the second illustrates
positions around the Earth. No visual cues (e.g. numbering and labels) have been used to enable
viewers to link the two parts of the diagram. Without thiginfation, it might be difficult to get

the complete message intended by artists of the diagram (e.g. seeing associated symbols as linked).
Using a modelling activity together with this diagram can help learners to link the two components
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of the diagramtb see which of the eight moon positions correspond to the four phases). If the
diagram is the only visual aid available, then teachers would have to show learners which of the
eight positions correspond to the four phases. Again, the diagram doelynsgrfee it purpose as

it requires teachers to do what could have been easily illustrated on the diagram.

Diagrams 15b and 22b illustrate the Sun, the Earth, and the Moon in eight positions around the
Earth. Artists of the diagrams used no mechanisngs &eows or numbering) to indicate that the
Moon moves around the Earth. Without this information, it might be difficult to realize that the
eight moon shapes form one perceptual unit, i.e. the Moon orbiting the Earth. This problem can be
easily corre@d by asking learners to add arrows or numbers to the diagrams.

Only one study reported problems of perceptual organization, i.e. in a diagram illustrating formation
and breakdown of ozone molecules (Khanyane, 2002). The diagram had three components each
with a caption. The captions were placed midway between the components, and no cues were
provided to show that each caption belong to the figure above it. Khanyane speculated that this
layout might confuse viewers. Furthermore, Khanyane found poantlayinformation illustrating

steps in formation of ozone molecules (the second component of the diagram). The sequence of
these steps was not linear, but formed-shape. Khanyane speculated that this layout might
confuse diagram viewers.

Principle 3 (Processing limitations)

Diagrams should be designed so that information can be processed without overloading working
memory.

Books 1 to 10 have diagrams illustrating information in one perceptual unit (sequence of moon
phases) while Books 11, 12 an8 dach has a diagram illustrating information in three perceptual
units (the Earth, the Moonb6s orbit and phases
moon phases in Diagrams 12 and 13). Books 14 to 24 have diagrams illustrating information in

four perceptual units (the Eart h, the Sun, t he

that none of the diagrams analyzed in this study presented information in more than four perceptual
units. This, in turn, suggests that information in thegtims can be processed without overloading
the working memory.

Although the diagrams analyzed in this study did not violate the third principle, research shows that
some diagrams found in school textbooks present information in more than four pergepipal

which can overload working memory. For example, du Plessis et al. (2003) found that a diagram
illustrating the cardiac circle had two figures of the heart and several arrows indicating blood
entering and leaving the heart. These arrows formede ntlkan four perceptual groups.
Furthermore, du Plessis et al. found that a flowchart illustrating thermal regulation had several
concepts and arrows between the concepts, making more than four perceptual units. du Plessis et
al. concluded that both diagns were complicated. Thus, some school textbooks have complex
diagrams, despite the fact that the diagrams analyzed in the current study had less than four
perceptual groups.
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Summary of syntactic analysis

The above discussion shows that only three rdiag (15b, 17 and 22b) had problems at a
perceptual level. If these problems are not solved, learners would most likely encounter problems
of obtaining the entire message intended by artiBkst is,if viewers have a problem of accurately
perceiving iffiormation,then interpretation of the information would be hindered.

6.3.4 Semantic Analysis

This level of analysis focused on interpretation of marks and their configurations. This analysis
consisted of three principles.

Principle 4: Harmony

Diagrams should be designed so thdttere is consistency in the meaning associated with each
mark
Design of several diagrams violates this principle.

Inconsistent use of colour: Artists of nine diagrams used colour in a way that might confuse
viewers. Artists of Diagrams 14b and 20 used white colour to represent half of the Moon

il luminated by the Sunbds rays, and used dark c
Sunds rays. However these artists wusgivdgaonly t |
false impression that the entire surface of th
Diagram 22b, white colour represents half of tFh

grey colour represents half of the Moon notjtbt he Sunbés rays. -greHowever
colour has been used on the surface of the Earth, giving false impression that the Sun never shines

on Earth. Readymade visual aids like charts can be used to show learners that on paper, both halves

of the Earth and the Moon are illuminated by the Sun at all times. In the absence of these aids,
teachers would have to make diagrams showing that the Sun illuminates halves of the Moon and the
Earth at all times.
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In Diagrams 16 and 21a, yellow colourregest s hal f of the Moon il umi
brown and blue colours represent half of the Ez¢
probably indicate parts of the Earth covered by land and water respectively). In Diagram 11, white

col our represents half of the Mogoencolodrtepresdnts at e d
half of the Earth illuminated by the Sunds ray:
sunlight shining on the surface of the Earth is diffefesm sunlight shining on the surface of the

Moon. Impact of these inconsistently can be minimised by telling learners that the shaded colours
should be the same, i.e. the same colour should represent halves of the Earth and the Moon
illuminated bythe8nds rays and halves in darkness. Us ag
this point.

In Diagrams 8, 19 and 24, black and dgrky colours represent unlit halves of the Earth and the
Moon while a lightgrey colour represents the area surroundiegMioon (i.e. the night sky). This

gives a false impression that darkness of the night sky differs from darkness of the unlit half of the
Moon. No inscriptions have been provided to explain what each colour represents. This problem
can be solved fairlyasily by telling learners that the dark colours have to be the same.

Inconsistent number of moon shapes in adiagram: The number of moon shape
orbital path should be equal to the number of moon phases illustrated in the diagram toNeskp vie
understand the reason for the shape of the Moon in each position. Two diagrams violate this
principle. Diagram 17 illustrates the Moon in eight positions around the Earth, but illustrates only

four phases of the Moon. Learners using this diagraghtnmot know what the Moon looks like in

the other four positions. Diagram 20, on the other hand, illustrates the Moon in four positions
around the Earth, but illustrates eight phases of the Moon. No explanation has been given as to why

the other four psitions of the Moon are not illustrated. Learners using this diagram would have no
opportunity of using the Earloon-Sunsystemto determine the appearance of the Moon in the

missing four positions. This problem can be addressed by using charts aellingpaattivities

whi ch shoul d show the Moonos or bit as contin
corresponding phases. In the absence of resources these resources, teachers might have to draw
diagrams illustrating the Moon in eight positions arothEarth, and corresponding Moon phases.

In Book 14, the first diagram (Diagram 14a) illustrates eight phases of the Moon while the second
(Diagram 14b) illustrates the Moon in four positions around the Earth. However, authors made no
effort to link information in the two diagrams. As a result, the two diagrams are independent of
each other, and thus, do not violate this principle.

Inconsistent size of moon shapes in a diagram: In Diagrams 17 and 23, symbols representing
phases of the Moon are largdian symbols representing the Moon in its orbital path around the
Earth. In Diagrams 19 and 20, on the contrary, symbols representing phases of the Moon are
smaller than symbols representing the Moon in its orbital path around the Earth. These
inconsistacies give a false impression that the Moon orbiting the Earth is not equal in size to the
Moon visible from Earth. Readymade visual aids (e.g. charts) could be mostly suited to show
learners that the shapes are actually equal in size. In the absdheseohids, the problem can
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easily be addressed by telling learners that the shapes should be the equal in size (the information
that might be found in the text).

Khanyane (2002) found a similar problem of inconsistent size on a diagram using thre® steps t
illustrate formation and breakdown of ozone. Oxygen atoms in the second step were larger than
oxygen atoms in the other two steps, despite the fact that the three components were meant to give a
unified message. Thus, the problem identified in thigystuas been documented in at least one
previous study.

I nconsistency in r epr e:slaDiagiami1l8,ma cicclilar Shapednith radiay limes
represents the Sun and the Sunébés rays. I n ac
illumnat i ng the Earth and the Moon. The arrows oV
This erroneously implies that the Sun radiates both parallel and radial light rays. The book
prescribes no other information dealing with phases of the Moon. h@eawho have access to

other visual aids can use them to illustrate that the Sun radiates only one type of rays, and to further
illustrate that the rays become parallel when they reach the Earth because of relative sizes and
distance between the Earth ahé Sun. In the absence of these aids, teachers might have to make
appropriate drawings for the learners.

Principle 5: Non-ambiguity

Ambiguous use of marks should be avoided, as this might prevent viewers from understanding
meanings of the marks.

Threetypes of violations have been noted.

Ambiguous use of black and white colours on phases of the Moon: In Diagrams 1, 5, 6, 7, 12,

13, 14, 19 and 24, bright colours (white or yellow) represent part of the Moon visible from Earth
while dark colours (blaclor darkgrey) represent part of the Moon not visible from Earth. No
inscriptions have been provided to explain what each colour represents. Some viewers might
interpret the dark colours as representing part of the Moon visible from Earth because aask col

(on a white paper) attract the eye more than light colours.

This argument is supported by drawings made by two of 5@gmdce teachers who completed a

moon chart in Bel/ and Tr un eséndcé teache @ 8ompdt t udy ,
a moon chart i n Wil hel m e-servieelteadhars wh@ fal@icatedsnt u dy .
Bel | and Trundleds study shaded part of the Mo
white. On the other hand, the sevengeevice teachensh o par ti ci pated in Wilh

switched their method of shading, from shading visible part of the Moon to shadinvigsiie part

of the Moon. These resultsndicatethat some people consider the shaded part as representing
visible part ofthe Moon; while on the other hand, diagram illustrators consider the white part as one
being visible from Earth. Thus, without explanation of what each colour represents, different
viewers might ascribe different meanings to dark and light colours imagiesy This issue can
easily be addressed by telling learners what each colour represents.
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Ambiguous presence of lines inside moon shapes: Diagrams 20 and 21a have lines inside the
moon shapes. There is no obvious meaning for these lines, and no éaptanaat provided to
explain what the lines represent. For this reason, different viewers might ascribe different meanings
to these lines. This problem would be difficult to correct because it is not clear what the lines
represent.

Ambiguous presence of lines between the Earth and the Moon: Diagrams 15b, 22b and 24
have lines between the Earth and each of the eight positions of the Moon in its orbital path. In
Diagram 15b, it appears as if the lines indicate half of the Moon visible from Earth, but no
inscriptions have been provided to confirm this speculation. In Diagrams 22b and 24, there is no
obvious meaning for these lines, and no inscriptions are provided to explain what the lines
represent. As a result, different viewers might ascribe diffemdning to these lines. This
problem, too, would be difficult to correct because it is not clear what the lines represent.

Principle 6: Scientific accuracy

Diagrams should be designed so that marks accurately represent scientific concepts.

The desigrof several diagrams violates this principle.

Diagram 20 illustrates the Moon orbiting the Earth in a counter clockwise direction. This suggests

that the Moon has been drawn as seen from the northern hemisphere. However, artists of the
diagram drew phaseof the Moon as they would be seen from the southern hemisphere. As a result,
there is no correspondence between the Bddbn-Sun systemand phases of the Moon (except

for Full Moon and New Moon in which the Moon appears to be the same in both hemiphe
Model |l ing activities and charts can help to co
help to clarify problems made by the diagram.

The discussion under Principle 4 shows that for
rays overlap parallel arrows representing the Su
implies that the Sun radiates both parallel and radial light rays. This is scientifically incorrect
because the Sun emits radial rays only (fraction of these appears to be parallel because of

relative sizes and distances between the Earth and the Sduajther problem with Diagram 18 is

that the Sun appears to illuminate more than h
incorrect, and implies h a t the Sun il l uminates more than hal
at any particular point in time. Thus, the artists of this diagram have misrepresented the amount of
the Earth and the Moon's surf ac e atthe didgaamsiimat ed
independent means that teachers using this book have to find other resources to help learners
understand that the Sun emits radial rays only, and to further show that the rays illuminate half of

the Earth and the Moon at any given paamd time. Teachers who have no access to other
resources might have to draw correct diagrams for the learners.

Artists of twelve diagrams used wrong symbols to represent phases of the Moon.
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1 Atrtists of six diagrams used wrong symbols to represertiédve Moon phase. In three of these
diagrams (2, 17 and 22a), artists used crescent shapes to represent New Moon while the in the
other three diagrams (10, 13 and 23), artists used circular ring shapes to represent New Moon.
These representations falsefygly that the Moon appears to be cresaemting-shaped during
the New Moon phase (the Moon is not visible during this phase).

1 Artists of Diagrams 6 and 7 mistakenly used gibbous shapes to represent the Waning Crescent
moon phase.

7 Artists of Diagram 13used a waning crescent shape to represent both Waxing and Waning
Crescent phases. In addition, the artists used a waning gibbous shape to represent both Waxing
and Waning Gibbous phases.

1 Artists of two diagrams used crescent shapes to represent quades.mArtists of Diagram 9
used a waningrescent shape to represent Last Quarter, while artists of Diagram 11 used waxing
and Waning Crescent shapes to represent First Quarter and Last Quarter respectively.

1 Atrtists of two diagrams (18 and 20) each udezlsame shape to represent Waxing and Waning
Gibbous phases. As a result, the Moon appears to be the same during Waxing and Waning
Gibbous phases (which is not the case in real life).

Modelling activities can be a good way to show learners appropriapestof the Moon seen from

Earth as the Moon orbits the Earth. Also, teachers can make drawings to show correct shapes to the
learners. If teachers do not realise that the diagrams have incorrect information, then this
information might be passed on teetlearners.

None of the three studies which analyzed diagrams illustrating phases of the Moon in school
textbook reported the problem of inaccurate shapes representing phases of the Moon (Dove, 2002;
Engestrom, 1991; Martind2ena & GitQuilez, 2001). Hwever, Trundle et al. (2008) found this
problem in diagrams illustrating moon shapes 1in
that one fifth of 772 illustrations were scientifically incorrect, amngued that these illustrations

might enhane misconceptions.

Diagram 10 illustrates eight phases of the Moon in a linearly arranged manner. The diagram has
arrows indicating waxing and waning phases of the Moon. The arrow indicating the waxing stage
is positioned between New Moon and Waninlédus while the arrow indicating the waning stage

is positioned between Waning Gibbous and Last Quaifhis incorrectly suggests that the Moon
stops waxing only at the Waning Gibbous stage (it actually stops at Full Moon) and starts to wane
from WaningGibbous (not after Full Moon as should be the case). This inaccuracy can easily be
corrected by telling learners that the Moon stops waxing at Full Moon, and starts waning
immediately after the Full Moon phase. Textual information can also be usedréat cibris
inaccuracy.

In Diagram 19, an outline of Africa can be seen on the earth shape, suggesting that the Earth has
been drawn as seen from the side (not one of the poles). In this situation, the Moon's orbital path
should be an oval. However, thigbgal path has been drawn as circular in this diagram, violating



scientific accuracy of the illustration. A modelling activity can be used to show that Africa cannot
be seen when the Moonds orbit is viewed from on

Artists of five diagramsisedincomplete termgo label phases of the Moon: artists of Diagrams 5

and 12 wused the terms O6waxingd and oO6waning6 in
Artists of Diagrams 6 and 24 used the toanr ms &ne
Artists of Di agrams 5, 8, 12 and 24 wused the
Waning Crescent. Artists of Diagrams 8 and 2

Gibbous and Waning Gibbous. Learners using these diagrams migkiavetcorrect names of
these moon phases. This problem can easily be corrected by telling learners appropriate names of
Moon phases. Textual information can also help learners to know these names.

Artists of ten diagrams usedappropriate terms Artists of Diagrams 5, 12 and 14a used the term

6half Mooné instead of the terms First Quarter
term 6halfédé to | abel each of these phases of t
t er ms 6ftdstandr edd cassnt crescent 6 instead of Wa
respectivel y. Artists of Diagrams 13 and 15a
Waxi ng Gi bbous and Waning Gibbous. I ncemtddi ti or
moond instead of the terms Waxing Crescent and
terms 6o0old crescenté and oénear full d instead of

Artists of the same di agrodabel aagbbods modneerrdneousim &6 p ar
drawn to represent a Waning Crescent phase. Learners using these diagrams might not know
correct names of these moon phases. It appears that artists wanted to give learners an idea about
phases of the Moon (e.g. hatfrescent, gibbous or full), but not necessarily the exact names of

these phases.

N.B.: Some books present this content in books designed for learners in lower grades while others
present the information in books designed for learners in senior gradesuddhts learn about

moon phases in earlier grades and never again, then the learners in these grades need to know the
names of all phases of the Moon.

6.3.5 Pragmatic Analysis

This analysis focused on appropriateness of diagrams for their intended pammbder specific
target audience. The analysis has three principles.

Principle 7: Purpose compatibility

Textual information should be provided to explain the purpose of each diagram. In addition, each
diagram should have an appropriate amount obtinfation needed to achieve its intended purpose.

Diagrams 1, 3, 5, 7, 8, 11, 13, 154, 16, 18, 21b and 24 have captions explaining what each diagram
represents, while diagrams 9, 10, 14b, 20 and 2la are placed near textual information clearly
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explaining he purpose of each diagram. These diagrams do not violate this principle. On the other
hand, Diagrams 2, 4, 6, 12, 14a, 17, 19, 22a, 22b and 23 have neither captions nor textual
information stating what each diagram represents. However, the diagraplacae under text
explaining phases of the Moon. As a result, viewers can easily link diagram with phases of the
Moon. These diagrams, too, do not violate this principle.

Diagram 15b is the only diagram which is considered to violate this principlis. diagram has no
heading and/or textual information explaining what the diagram shows. The diagram is one of two
illustrating information about the Eartloon-Sunsystem Both diagrams are placed below text
dealing with the EartfMoon-Sun system(but not necessarily phases of the Moon). No textual
information explains what each diagram illustrates. As a result, it could be difficult to know what
each diagram illustrates.

Three diagrams lack information that would make them achieve their intendausps. Diagram

11 consists of the Earth, the Moon in four positions around the Earth, and corresponding four
phases of the MoonT he capti on bel ocAwthd Moen trdvelsiagours the Baethy s i
we can see diff er entHowava,tha $us is wof shawh ie thesdiagrdmi. As f a c e

a result, it becomes difficult to see the O6sun
consists of the Sunbs rays, the Eart h, and phas
Moonas seen from space). Text above the diagrar
called the phases of the Moono, followed by a

caption suggests that the diagram is intended to explain the causmwofpimases. The diagram
would achieve this purpose only if it illustrated the Moon as seen from space. Thus, information in
the diagram is not enough to achieve the intended purpose.

Diag)am13consi st s of t he Sun ®wases aihg Moon places ar&uad theh | an
Earth. The diagram is placed below an activif
identify and name the phases of the Moon as you
cannot fully achieve this purpose besauwf the following two problems. Firdyaning Gibbous

and Waning Crescent shapes have been incorrectly used to represent Waxing Gibbous and Waxing
Crescent phases. As a result, learners using this diagram cannot find appropriate shapes for Waxing
Gibbaus and Waxing Crescent in the diagram. Secondly, a nappr opri ate | abel
has been used to | abel Waxi ng Gibbous é&asd Wani
been used for Waxing Crescent and Waning Crescent. For this reasonisleamsot identify

appropriate names from the diagram.

Principle 8: Textual compatibility

If diagrams are intended to illustrate concepts described in text, there must be correspondence
between the diagram and the textual content.
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No contradictions havbeen found between the diagrams and the textual information. In addition,
the diagrams and text used the same terminology (whenever textual information was provided). As
a result, the principle has not been violated.

Principle 9: Audience compatibility

Diagrams should be designed to comply with culture and context of intended viewers. For example,
information should be presented from left to right and from top to bottom in accordance with the
reading convention used in schools. Also, a diagram dedigfor viewers in the southern
hemisphere should illustrate moon phases as they appear in this hemisphere.

Fifteen diagrams illustrate phases of the Moon as seen from the northern hemisphere, despite the
fact that the diagrams are intended for use éenstbuthern hemisphere. Thus the principle has been
violated in fifteen diagrams. This observation corroborates results obtained by Trundle et al. (2008)
who found thatliagrams in two story books designed for children living in the northern hemisphere
illustrated the sequence of moon phases as seen from the southern hemisphere.

Principle 9 dictates that information on diagrams should be presented from left to right and from top

to bottom in accordance with reading culture used in school. Diagrams 1 dhdtrate the Sun

shining from the righhand side of the page, requiring viewers pay attention to components on the
right-hand side before components on the-heftd side. This, however, has nothing to do with

reading but everythingto dowithabit y t o ment ally change oneds ori
spatial ability issue). As a result, the diagrams are considered to have not violated this principle.

6.3.6 Summary

The curriculum requires Intermediate Phase learners to know the sequencenophases and to
understand the cause of these phases. In addition, the curriculum requires Senior Phase learners to
know that the movement of the Moon relative to the Earth and the Sun causes moon phases. On the
basis of these requirements, publishpresent information dealing with phases of the Moon in
books intended for the Intermediate and Senior Phases. The discussion presented in this chapter
shows that several diagrams have design problems that might hinder understanding of this
information. Table 6.2 summarises design weaknesses found in diagrams analysed in this study.
The table shows that only one diagram violated none of the principles used in this study. Three
diagrams violated syntactic principles, meaning that viewers might encpuobtdems when trying

to perceive information illustrated in these diagrams. In addition, 22 diagrams violated at least one
of the semantic principles, suggesting that students might learn inaccurate information if teachers
are not careful when using tltkagrams. Furthermore, 19 diagrams violate at least one of the
pragmatic principles, suggesting that these diagrams did not comply with the context of the
intended learners.
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Table 6.2 Summary of violations ofthe design principles
Diagram Syntactic analysis Semantic analysis Pragmatic analysis
number 1 2 3 4 5 6 7 8 9
1 a
2 a a
3
4 a
5 a a a
6 a a
7 a a a
8 a a a
9 a
10 a
11 a a a
12 a a a
13 a a a a
14 (a & b) a a a
15(a&b) a a a
16 a a
17 a a a a
18 a a a a
19 a a a a
20 a a a a
21 (a &b a a a
22 (a&b) a a a a a a
23 a a
24 a a a a

The large number of violations adrsed in the table suggests that the diagrams might fail to
achieve their intended purpose of helping learners to understand concepts associated with phases of
the Moon. | have shown in the preceding discussion that these problems can best be agdressed b
using either text, readymade visual aids |ike ¢c
worthy to note that no research has been conducted to investigate accuracy of information presented
in text and other visual aids such as chartdimgavith phases of the Moon. Also, no research has

been conducted to investigate whether, and the extent to which modelling activities prescribed in
the books can help learners to understand phases of the Moon. The fact that textbook diagrams
have desig problems suggests that these other information sources might have problems. Learning
would be hindered if these other information sources had problems (further research should be
conducted to investigate possible problems in these information sowdést seachers know the

extent to which information presented in these resources can be trusted). If teachers do not fully
understand astronomy concepts (as results of this study seem to suggest), then it would be difficult
for them to correct informatiopresented in these sources of information.

Teacher training programs should be designed to enhaneeg@nevi ce teacher sé unic
basic astronomy concepts. In addition, these programs should heferpiee teachers to
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understand challenges asmted with teaching and learning of these concepts. Furthermore, these
programs should equip teachers with strategies and techniques that help people to better understand
these concepts, e.g. daily moon observations, usage of physical models, andfusagputer
software.

As for practicing teachers (some of who have never been trained to teach astronomy concepts),
there should be iservice training programmes that focus on (i) enhancing subject matter
knowledge of these teachers, (ii) helping tleachers understand challenges associated with
teaching the concepts, and (ii) equipping the teachers with strategies that help learners to better
understand these concepts. Theg®rrice and irservice training programs would help teachers to
realisestrategies and materials that can be used in addition to textbook diagrams (which, as this
study shows, have several problems).

6.4 Answer to the third research question

The third research question has been phrased as follows:

To what extent does the comgition of diagrams illustrating phases of the Moon (in South
African school textbooks) comply with design principles recommended in literature?

Out of 24 textbooks used in this study, diagrams found in 21 books complied with guidelines
recommended in thirst set of principles focusing on perception and organization of marks. Thus
all information in these diagrams can be easily perceived and mentally arranged into perceptual
units by viewers. However, only two diagrams complied with guidelines recodaudny the

second set of principles (focusing on interpretation of marks and their configurations). Thus,
diagrams in 22 books have potential interpretation problems. Furthermore, diagrams in only 6
books complied with guidelines recommended by the thliedd of principles (focusing on
appropriateness of diagrams for their intended purpose and for specific target audiences). Thus,
nineteen diagrams violate at least one of the principles in this set.

6.5 Diagrams used in interviews

| selected four diagrasnto be used in interviews. Here | present criteria used to select these
diagrams, and discuss issues investigated in each diagram.
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6.5.1 Criteria used to select diagrams

Diagrams used in interviews had to meet two criteria. Firstly, a diagram had toaiduie

foll owing: the Sun (or the Sunés rays), the Ear
around the Earth, and corresponding eight phases of the Moon. These diagrams can be used to
explain the cause of the eight moon phases. Onlyr&xag 18, 19, 21(a & b), 22 (a & b), 23 and

24 met this criterion.

Secondly, | selected diagrams that violated very few design principles. Few violations would have
minimum impact on diagram interpretation. In Diagram 18, the Sun (incorrectly) appears to

il luminate more than half of the Moon6s and t he
used the same shape for Waxing Gibbous and Waning Gibbous phases. | discarded this diagram
because of these problems. In Diagram 22a, a crescenttgmpeen incorrectly used to represent

New Moon. I n Diagram 22b, arrows representin
difficult to see). Furthermore, no mechanisms (e.g. arrows) have been provided to show that the
Moon orbits the Earth in teidiagram. As a result | discarded Diagrams 22a and 22b. | discarded
Diagram 23 because it violates scientific accuracy (i.e. New Moon being represented by a ring
shape, which would result in interpretation problems). Thus, only Diagrams 19, 21a,d224 an
remained, and were used in the interviews. It should be noted that all these diagram violate
Principle 9, i.e. they illustrate Moon phases as seen from the northern hemisphere, but | designed

the interview schedule so that this violation would hawénmpact on interpretation of the diagrams.

The following points indicate issues investigated in each diagram.

6.5.2 Issues investigated in each diagram

I used Diagrams 21a and 21b to investigate | ea
Moosndor bit and the Moonbs phases. Consequent |
investigation of |l earnersd interpretation of th
6.6). Furthermore, | used Diagrams 21a and 21b to investatelner s é abi l ity to ¢

phases seen from earth during selected configurations afothponents of th&arthMoon-Sun
system That is, to link shapes in Diagram 21b with Diagram 21a.

I used Diagram 24 to invresdfi gtahe N@gndsaomkeirts 6«
these are presented as two concentric oval s, (
colours on diagrams illustrating moon phases, and (c) whether learners consider the earth and the
moon shapes as represag two-or threedimensional objects. In addition, | used Diagrams 24 and

19 together to investigate |l earnersb6 interpret
radiating lines). Interpretation of Diagrams 19 and 24 allowed me to make irgsrabout
|l earnersd interpretation of the | ast three conv
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6.6 Conventions used in the diagrams

Interpretation of diagrams requires viewers to understand conventions used to convey information
in such diagrams. Here | present conventions used teegdnformation in diagrams illustrating
phases of the Moon, observable from the 28 diagrams analysed in this study.

1. The same symbol appears more than once, representing the same entity as it changes position
(i.e. eight circles represent one moon not many

2. The same symbol appears more than once, representing different entities
1 Half-shaded circles represent the Earth and the Moon
T Arrows represent the directions of the Moon
3. Different symbols represent the same entity as it chaslgage (i.e. representing the Moon
changing shape).
4. Black and white colours have been used to indicate parts of the Moon visible and not visible
from Earth.

5. Two-dimensional shapes are used to represent-thmensional objects (the Earth and the
Moon).

6. Shape of the Moonds orbit indicates perspecti
a circular orbit indicates that the EaSlun-Moon systemhas been drawn from above the Earth
and the Moon, while an oval shape indicates that the famiMoon has been drawn as seen
at some angle from the top.

Chapters 7 and 8 report on | earnersodé ability tc
during interviews.

6.7 Summary

This chapter has presented results obtained from analyzing diaghastiating phases of the
Moon. The analysis investigated (a) whether, and the extent to which information in the diagrams
could be perceived and organized into perceptual units, (b) whether design of the diagrams could
enable viewers to obtain messagteimued by illustrators, and (c) suitability of the diagrams for
intended purpose and audiences.

The results show that for most diagrams, information can be perceived and organized into
perceptual units. The results further show that the majority ofaliegyhad design problems that

might prohibit learners from obtaining messages intended by illustrators. Furthermore, the results
show that the majority of diagrams were not suitable for intended contexts and audiences. These
results were used to seleouf diagrams that would be used in interviews (i.e. Diagrams 21a, 21b,

19 and 24) . The next chapter presents | earners
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Chapter 7 Di agram interpl)etation (P

7.1 Introduction

This chapter pr e s e nof Biagranes 2aramrdr2sbd | usad these giagmmsatd i o n
investigate two issues:

1 Learnersd interpretation the Earth, the Sunod:
Consequentl vy, i nterpretation of t hese di agr
interpretation of the first three conventions discussed in Section 6.6 (pib2%3

1. The same symbol appears more than once, representing the same entity as it changes
position (i.e. eight circles represent one moon not many).

2. The same symbol appears mdran once, representing different entities:

a) Half-shaded circles represent the Earth and the Moon

b) Arrows represent directions of the Moon's
3. Different symbols represent the same entity as it changes shape.

T Learner sd aina rhobnt ppases eeendfrerh the shape representing the Earth in the
diagram (i.e. the earth shape) for different configuratiothe@tomponents dhe EarthiMoon-
Sunsystem That is, to link Diagram 21a with the shapes in Diagram 21b.

| structured thenterview so that design flaws identified in Chapter 6 would have no impact on
interpretation of these diagrams. Table 7.1 illustrates two principles violated in Diagram 21a, and
one violated in Diagram 21b. The table further explains why these vidationld not prevent
learners from interpreting information illustrated in the two diagrams.

7.2 Interpreting Diagram 21a

| asked each learner to look at Diagram 21a (Figure 7.1), and describe what they thought the
diagram illustrated. The exact wordingfdried from learner to learner because the interviews were
semistructured. Furthermore, the sestiiuctured nature of the interview enabled each learner to
discuss diagram components in any order. | ensured that learners discussed all components of the
diagram.

This section deals with interpretation of components of the diagram in this order: the Earth shape,
the lunar circle, and the Sunés rays. For each
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interpret the component, and also giveeiatew extracts to show how the interview progressed (i.e.
to show questions that | asked and responses given by the learners).

Table 7.1 Impact of design flaws on interpretation of Diagrams 21a and 21b

Principle Nature of violation Impact on interpretation
Differences in colouring of illuminated parts of th
Earth and the Moon giveontradictory messages.
The illuminated half of the | closer look at these colours suggests that they n
Harmon Earth is brown and blue but| help the learners to interpret the diagram. For
© y the illuminated half of the example, the brown colour might be interpreted 3
N Moon is lightyellow. indicating the African continent while the blue
c colour might be interpreted akowing water
© surrounding the continent.
_cD_cs Different meanings might be The dotted_ lines |n.S|d_e the moon §ha@@
i : . .1 intended either to indicate the orbital path of the
ascribed to dotted lines insig : . )
Moon, or to help viewers determine section of th
Non- the moon shapes because 1 - . :
- . o Moon visible from Earth. This uncertainty about
ambiguity inscriptions have been h fth i di |
rovided to explain the the purpose of these lines cannot distract learne
pur ose of the lines from interpreting the eight hatthaded circlessa
burp ) representing the Moon.
2 The Moon's orbit and phase
E . are drawn as seen from the. The order of moon shapes cannot distract karn
Audience Northern hemisphere, despi . ; .
c - . ; from interpreting the shapes as representing ph3
5, | compatibility | the fact that diagram viewer
< live in the southern of the Moon.
a
hemisphere.

7.2.1 The Earth

Helpful hints concerning interpretation of the Earth shape

The Earth shape is not labelled in the diagram. However, the following facts could help learners
interpret theshape as representing the Earth.

1 African continent: Brown colour indicates a trace of Africa while blue colour indicates water.

1 Linking the Earth and the Moon:Learners who correctly identify the Moon in the diagram
might realize that the shape at thetoeof the diagram represents the Earth if they used

i Background knowledgd.earners who know that the Moon orbits the Earth and that the
Moon is smaller than the Earth might use this knowledge to infer that the shape at the
centre of theseMotlekEdrth. or bit repre

U Textual information on the pageThe second paragraph on the page states that the Moon
orbits the Earth. Learners who realize that the eightdieltied circles with arrows-in
bet ween represent t he Mo oshapesattoercéniretof thisiodpih t f i
represents the Earth.
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In Unit 2 you saw that many of
the planets in our Solar System
have moons. Moons are natural
satellites that move around the
planets they are attached to.
Astronomers are discovering
new moons all the time. Our
Moon is the closest space object
to Earth. We can see the Moon
in the night sky because it
reflects light from the Sun. We
normally cannot see the Moon
during the day, because it is too
light, but it is still there! The full Moon

Moon movements

The Moon revolves around Earth in an elliptical orbit once every
29% days. At the same time, the Moon rotates on its own axis. The
Moon’s rotation means that the same side always faces Earth and
that we only ever see one side of the Moon from Earth. The side of
the Moon that we never see is called the ‘dark side of the Moon'.

The diagram below shows the position of the Moon at different
times in its orbit.

Sunlit surface of
the Moon that
cannot be seen
from the Earth

Sunlit surfaq

that can be

from Earth

G/G\@

Full

U
/ Moon

I\
Dy D

Sun’s rays ——— Y , New
e O \ Moon

Moon'’s orbiff

Direction
of Moon's
rotation

26

Figure 7.1 A page illustrating Diagram 21a



U Inscriptions on the diagramA caption on the tofeft corner of the diagram states that the
sunlit halfof the Moon cannot be seen from Earth when the Moon is between the Sun and
the Earth. On the other hand, a caption on theitgy corner of the diagram states that the
sunlit side of the Moon can be seen from Earth when the Earth is between the $um and
Moon. These captions might help learners infer that the shape at the centre of the diagram
represents the Earth.

Learnersd6 interpretation of the Earth

Nine learners correctly interpreted the shape as representing the Earth. These leatrf@rdsuse
available on the page when interpreting the shape. It has to be borne in mind that the learners might
use several hints when interpreting the diagram, but mention only some of these hints. That is, not
mentioning a hint may not necessarily mélaat learners did not use the hint when interpreting the
diagram. As a result, it becomes difficult to know the hints not used by learners when interpreting
the diagram. The following discussion considers only the hints mentioned by learners when
interpreting the diagram.

1 Four of the nine learners mentioned the brown and blue colours in the earth shape as the only
hint they used to interpret this shapehe following extract illustrates a sample response from
these learners.

R’:you knowwhat Iwant,you 6r e moving your hand and youdre thinking

tell me all the things youdbre thinking.
6Mamaoasd 6m thinking, okay therebds Earth here
R: where?

6 Ma ma lseee (pointing at the Earth shape)

R: why do you thhPnk thatdéds the Eart

6 Ma moa Issee the picture with blue, it looks like water

R: okay

6 Ma mo and part of the land (pointing at the brown section of the non-shaded part of the earth shape)
R: okay

1 Three | earners mentioned the &k beatwieendhe Eacttont i ne
and the Moon. The following extract exemplifies their responses.

R: okay, what are these shapes (pointing at the eight moon shapes)
Seboka: the, these shapes are circles
R: What do you think the artist wanted the shapes to mean to us?

Seboka: the small circles are supposed to be the moons (pointing at the eight moon shapes), and this
bigger one at the middle is supposed to be the world.

R: why do you think that would be the world, what gives you that clue?
Seboka: the Moon rotates around the world, and it has a bit of an African island

"In all transcripts, the lettd® denotes the researcher
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These responses indicate that seven learners interpreted the brown and blue colours as
representing land and water on surface of the Earth. This corroborates an observation made by
Ehrlen (2009) in a study involving 18 sig-nine yearold children. Ehrlen gave these children
coloured pencils and asked them to draw the Earth. Most of these children used blue colour to
represent water and used green colour to represent land (gradss shdows that children
associate blue colour on Earth with regions covered by water (as has been the case in the current
study).

T One | earner mentioned o6the coloursé as givin
diagram represents the Eartim. addition, she used her background knowledge to link the Earth
and the Moon. The following extract illustrates her response.

R: what have we got at the centre of the diagram?
Fumane: ités the Earth
R: what gives you that clue?

Fumane: the colours, and the Earth is obviously in the centre, and | know for a fact that the Moon
revolves around the Earth. | f the Moon wasnot revol vin

R: so that makes it the Earth?

Fumane: yes

She did not explain what she medmty &6t he <col our s 6. However, i
referring to the colours on the earth shape. As a result, | consider her to have used the colours

as hints for interpreting the shape at the centre of the diagram as representing the Earth. Her
stae ment o6é | know for the fact that the Moon
used background knowledge to interpret the earth shape in the diagram.

T One |l earner mentioned | inks between the Moono
that the shape at the centre of the diagram represents the Earth, as shown in the following
extract.

R: This is the first page, so | want you to look at the page, and tell me what you think the topic is that is
illustrated on the page.

Karabo: should | ook at the picture?

R: you look at the whole page or anything that you want to

Karabo: the movement of the Moon around the Earth

R: okay, what else?

Karabo: I dondt know,silemphen day and night (

R: okay, first you said the movement of the Moon around the Earth, what gave you that clue from the
page?

Karabo: okay, | can see this (pointing at the Earth shape) obvi ously thatdéds the Earth,
movement of the Moon (moving her hand along the circle of moon shapes)

However, she gav no information regarding the hints she used to interpret the shape as
representing the Earth. As a result, we do not know whether she used text or background
knowledge when interpreting the Earth shape in the diagram.
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The remaining learner said that d¢iiel not know what the shape represented. The following extract

shows his response

R: 1want us to come back to this diagram again (referring to Diagram 21a). And this is what | am going to ask
you to do. | want you to imagine, oh did | ask you what we have at the centre here?

Lehana: (inaudible)

R: what do you think this is (pointing at the Earth shape)

Lehana:

| have no idea

R: noidea about this

Lehana: yes

Tabl e

7.

2 summari
learners according to spatial ability scores, so that the first five learners had low spatial ability

Z€es

earner sbo

i thhaerapangedthet i on

scores while the bottom five learners had high spatial ability scores (as discussed in Section 5.5, p

131).

Table 7.2 Learners' interpretation of the Earth shape in Diagram 21a (Figure 7.1)

Learners

Response

Clues

Blue and brown colours

on

6African

Link Earth and Moon

Background knowledge

Not specific

Lisebo

i

Lehana

N/A

N/A

N/A

Makalo

i

Motena

i

i

Karabo

Seboka

DYDY IND

i

Fumane

Masilo

'Mamosa

Selomo

DYDY | DD

In this and subsequent tables, a tiek)(indicates a correct answer, a croggsifdicates a wrong
answer, a tick and a @® @ Xx) indicate that a learner changed from a correct to a wrong response
ver sa,
indicates that a response was difficult to classify. A siiay i{hdicates hirg which learners
appeared to have used when interpreting the diagram.

or vi

ce

a dash

(b)

ndi

cates

t hat?) a

ear

Table 7.2 shows that nine of the ten learners correctly interpreted the shape as representing the
Earth, despite the fact that the Earth was not labelled in the diagram. The pager it which
might help learners to interpret the shape at the centre of the diagram as representing the Earth. The

first hint was the trace of Africa illustrated on the earth shape, while the remaining three hints had
to do with linking the Earth tche Moon. Table 7.2 shows that none of the learners mentioned all

the four hints while interpreting the earth shape. Seven of the ten learners mentioned the brown and
blue colours on the earth shape when interpreting the Earth in the diagram. In atidgiohthe
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10 learners mentioned links between the Earth and the Moon when interpreting the Earth in the
diagram. Two of the five learners appeared to have used background knowledge as a hint for
linking the Earth and the Moon, while three learnersegaw information regarding the hints they
used to interpret the Earth.

These results indicate that when several hints are available to help interpretation of a diagram,
learners select the hints they find suitable for interpreting the diagram. | hiekthe following
i ssues in |l earnersdé responses:

1 Some of these learners appeared to have used background knowledge to interpret the Earth in
the diagram. Results discussed in Chapter 4 show that the learners had poor background
knowledge on phases of tiMoon. Despite this, it appears that some of these learners knew
that the Moon orbits the Earth, and used this knowledge when interpreting the diagram.
Literature shows that background knowledge helps individuals to interpret diagrams (e.qg.
Ametller & Pinto, 2002; Kindfield, 1993/1994; Lowe, 1995). Thus, diagram interpretation
becomes easier to learners who have some background knowledge of concepts illustrated in the
diagrams.

1 No evidence suggests that the learners used inscriptions on the diagramtamdttee page
when interpreting the Earth shape. As discussed earlier in this section, it is difficult to know
whether the learners read but not mentioned the verbal information, or whether they never read
this information at all. However, literatureirs that learners sometimes do not read diagram
inscriptions. For example, Ametller and Pinto (2002) asked high school learners to interpret a
diagram illustrating energy transfer between two systems. The caption of the diagram indicated
that energy wasransferred between the two systems. Most of the learners realized that the
diagram illustrated change, but very few associated the change with energy transfer. Ametller
and Pinto suspected that the learners had not read the caption, and directesi earreet t e nt i on
the caption. Most of the learners associated the change with energy transfer after reading the
caption.

Paiviobs dual coding theory can be used to expl
in order to interpret the shape espresenting the Earth. This theory proposes that cognition
consists of activity of two systems; a verbal system specialised for processing and storage of verbal
information, and a nonverbal system specialised for processing and storage of nonverbal
information. This theory further proposes that information processing occurs at three levels
namely, the representational, the referential and the associative levels (as discussed in Section 2.2.3

p 48).

The Earth is drawn but not labelled on the diagranhus] the diagram provided only nonverbal

i nformation about the Earth. Despite this, S
continentd while interpreting the earth shape
about the Earth suggssthat only the nonverbal systems were active in the beginning of
information processing. Thus, the learners engaged in representational processing to form mental

i mages of the O6African continentoé illusltrated
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processing to interpret the OAfrican continent

brown and blue colours as representing land and water. Finally, the learners engaged in associative
processing to interpret the circular shape at théreari the diagram as representing the Earth (on
the bases of the African continent drawn on the shape).

Table 7.2 further shows that five of the 10 learners mentioned links between the Earth and the
Moon while interpreting the earth shape. This suggesitsthe learners paid attention to the earth

and the moon shapes on the diagram. None of the five learners mentioned verbal elements found on
the page when interpreting the earth shape. As a result, it can be said that their verbal systems were
not acive at the beginning of information processing. It follows that these learners engaged in
representational processing which enabled them to form mental images of the Earth and the Moon,
and thereafter, engaged in referential processing to interpret dpesshs representing the Earth

and the Moon. It is difficult to know whether they engaged in associative processing because both
the Earth and the Moon were illustrated on the diagram.

7.2.2 The Moon's orbit

Helpful hints concerning interpretation ofthe Moon 6 s or bi t

The following facts might help learners to interpret the eight moon shapes and eight arrows as
indicating the Moon's orbit around the Earth.

1 Several labels on the diagram suggest that the circles and the arrows represent the Moon's orbit.

U The kbelsFull Moon and New Moonindicate that the hahaded circles represent the
Moon.

G The captionDirection of Moon's rotatiorplacednear New Moon indicates that the half
shaded shape (New Moon) represents the Moon.

i Two captions (togeft and topright) show that the lit side of the Moon can be seen from
Earth when the Moon is on one side of the Earth, but cannot be seen when the Moon is on
the opposite side of the Earth. This might help to clarify that the Moon moves around the
Earth.

U The captiorMoon's orbit placed near one of the arrows, indicates that the arrows represent
the direction of the Moondés orbit.

1 Learners who realize that the shape at the centre of the diagram represents the Earth might infer
that the eight circles represented theddd they used the following information

i Text As discussed in Section 7.2.1 (p 156), the text near the diagram states links between
the Earth and the Moon. Having figured out one shape, learners can use text to figure out
the other.
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i Background knowledgdlso, as discussed in Section 7.2.1 (p 156), knowing that the Moon
orbits the Earth can help learners to interpret the diagram.

Learners6é interpretation of the Moono

Nine learners correctly interpreted the eight {shilided circles and the armwas representing the
Moonds orbit

1 Seven of these learners clearly explained that the circles showed the Moon, and further
explained that the arrows indicate the direc
illustrates an example of these respes.

R: é Letds |l ook at thpoi msteicndg oat o)f Whathsdhappeni@hera?rmb i( t

Lehana: | dondt wunderstand.

R: you donét understand? Okay. What do you think these :
Lehana: the arrows?

R: yes, you see we have arrows here?

Lehana: i sndét how the Moon moves around during the day?

R: how the Moon moves around during the day? Okay. And these objects? (pointing at the moon shapes)

Lehana: that is the Moon.

Hi s response O6that i s t hehe dhapesmasillustratiggtiredMbamn. t h at
Thus, he correctly interpreted the Moonb6s orb

1 Two of the nine learners (Karabo and Motena) clearly explained that the circles represent the
Moon, but they did not discuss the arrows. However, they used hand mdésé¢miadlicate the
direction of the Moonds orbit. The foll owing
R: This is the first page, so | want you to look at the page, and tell me what you think the topic is, that is

illustrated on the page.
Karabo: should I look at the picture?
R: you look at the whole page or anything that you want to
Karabo: the movement of the Moon around the Earth
R: okay, what else?

Karabo: I dondét know,silemphen day and night (
R: okay, first you said the movement of the Moon around the Earth, what gave you that clue from the
page?

Karabo: okay, | can see this (pointing at the earthshape) obvi ously thatés the Earth,
movement of the Moon (moving her hand in a counter anticlockwise direction along the lunar circle)

Moving a hand in a counter clockwise direction suggests that she interpreted the Moon as orbiting
the Earth in this direction. This in turn suggests that she interpreted the arrows as indicating the
direction of the Moonédés orbit

Research showthat learners use body movements when explaining astronomical phenomena. For
exampl e, sever al students who participated in
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gestures6 when explaining the cause eméntsMoonds
supplement verbal explanations.

The remaining learner changed his ideas in the course of the interview about what the eight half
shaded circles represented. However, his response suggests that he correctly interpreted the arrows

as indicatinghe direction of the Moonbs orbit. The f
that the shapes represented the Moon.

R: here is the first page from one of the Natural Science textbooks., just concentrate on the page as a whole,
and | want you to tell me what you think the topic is that is being illustrated here.

Makalo: itos |i ke, mo s t probably, that s whenever there be
around the world
R: pardon

Makalo: that rotates around the world

R: is it about Full Moon and New Moon?

Makalo: yes

R: only?

Makalo: yes

R: and what gives you that clue?

Makalo: because first poisaiysgi abst ae NeawbMoomNéw Moono
R: where does it say that?

Makalo: on the left-hand sidethere(poi nt i ng at t h e)ahdahe eght sdyNrill\Modho o n o
R: mmmmhhh

Makalo: so whenever it rotates to the Moon it becomes New Moon

R: okay, you say when it rotates, what gives you a clue in the diagram, how does the Moon rotate?

Makalo: anticlockwise

R: what gives you this answer?

Makalo: because of, the arrows show that it goes anticlockwise (moving his hand along the direction of the
arrows)

Moving his hand along the Moondés orbi&eMeom a cou
6rotatesd6 suggests that he used the term 6rot afl
interpreted the eight hathaded circles and the eight arrows
around the Earth. The following extract shows thatgave a different response as the interview
continued.

R: okay, what are these circles? (pointing at the moon shapes)

Makalo: this is most probably, the dark side is when itds
time

R: the dark side is? (pointing at the black part of the moon shape)
Makalo: most probably night, and the white part is light

R: on?

Makalo: on the surface

R: of?

Makalo: of the Earth

R: this is the Earth? (pointing at a moon shape)

Makalo: yes
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R: and this? (another moon shape)

Makalo: the Earth also

R: oh, these are the earths?

Makalo: yes

R: why are they eight, why do you think the artist has drawn eight?

Makalo: thatés the, most probably the difference of earth

In this case, he appeared to have thought that the circles represented the Earth. However, he
changed this response when asked why there were eight earths, saying that the shapes could be
planets. It is not clear why he thought that the shapessesgiesl planets, but it is possible that he

read text while interpreting the diagram (the text mentions planets). Should this be the case, he
would have failed to make appropriate links between the diagram and textual information,
corroborating observatiesnof Khanyane (2002) and Ametller and Pinto (2002). The next extract
shows that he actually thought that the circles represented the Moon.

R: you see we have these, do you see those dots? (inside the Waning Gibbous moon shape)

Makalo: yes

R: what do you think they mean? What is their importance here?

Makalo: I think, they most probably represent the, how is
R: sorry, you said this is the what? (pointing at the Last Quarter moon shape)

Makalo: it 6s t he Earth

R: and just now you said the Moon is doing what?

Makalo: thatdés most probably the, how its time of the perio
one third

R: so this (First Quarter moon shape) shows what, what does this (the same shape) tell us, for example?

Makalo: mmm, this is (pause); this (moving his hand to indicate all the moon shapes) is most probably the
planets.

R: this is probably the planets?

Makalo: ja

R: okay, and this? (pointing at the Earth shape)

Makalo: that6s eeemmm, that 6s most probably the Earth itse
R: Earth itself, what makes you think that?

Makalo: because of the picture that is also being shown on the diagram

R: which picture?

Makalo: this picture on Earth (pointing at the trace of Africa)

R: what does that picture tell us?

Makalo: that, this half tantng atthe lalf notrstzated blaclk) s, part i s Earth
R: what , on this picture, tells you that itdéos Eart h, in

Makalo: mmm, because of, because of the, that (pointing at the brown colour in this half) represents
countries, and blue also represents that thereds al so wa

R: alright, the countries and the water on land, so this shows (pointing at the circle of moons), one last time,
the movement of?

Makalo: of the Moon
R: the Moon?
Makalo: ja

R: but earlier you said?
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Makalo: itds the Earth
R: you said the Earth and then you said the planets, so what are we settling for?
Makalo: | 6m settling for the Moon

He mostly interpried the haHshaded circles as representing the Moon, but he sometimes thought
that they represented the Earth or planets. It is not clear why he mentioned planets, but as discussed
above, it is possible that he read O6planetsdé fr

Literature shows that learners sometimes change responses in the course of an interview (e.qg.
Ehrlen, 2009; Lelliott, 2007). For example, Ehrlen (2009) asked eighteef §ear old children

to draw the Earth. One of these children drew a circle wdhehreferred to as the Sun, surrounded

by ten circles which she referred to as planets. She labelled one of these planets as the Earth. When
asked questions about the Eart h, she said that
pointing at one bthe circles that she had referred to as planets. At this stage, she defined the ten
circles as the earths (not planets). When asked why she had drawn many earths she said that there
were many earths around the Sun. It seems that she changed hesegspaccommodate ideas

she developed in the course of the interview.

Although Makalo had some problems of correctly interpreting what the eight circles represented,
moving his hand in a counter clockwise direction along the lunar orbit suggeste tin#trpreted

the arrows as indicating the direction of t he
interpretation of the Moon6s orbit in Figure 7.

Table 7.3 Learners' interpretation of the Moon's orbit in Diagram 21a (Figure 7.1)

Directi Clues
irection - -
Learner Moon - Diagram captions
of orbit 9 P Link to Earth
1 2 3 4 5 6
Lisebo a a a
Lehana a a
Makalo a a u u u
Motena a a a
Karabo a a 0]
= —— —— |
Seboka a a ] a a
Fumane a a ]
Masilo a a u u
'Mamosa a a
Selomo a a u 1]

Key on diagram captions

Sunlit surface of the moon that cannot be seen from the Earth
Direction of Moon's rotation

New Moon

Moon's orbit

Full Moon

Sunlit surface of the Moon  that can be seen from Earth

o 0k~ wN e
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Table 7.3 shows that all learners correctly interpreted the arrows as indicating the direction of the
Moonds orbit. The table further s h oswhaded h at n
circles as representing theodh. One learner interpreted the circles as representing the Moon, but

he appeared to be uncertain about this. It is possible that he read textual information near the

di agram while interpreting the MoonoOmsinteaprebi t . f
diagram because of reading irrelevant information presented in the text. For exéhgigane

(2002) asked ten learners to interpret a diagram illustrating formation and breakdown of ozone
molecule. The diagram was placed near text entiilédlz one scar e 6, whi ch had
ozone layer. When interpreting the diagram, two learners mentioned ozone scare while five
mentioned ozone layer. Khanyane suspected that these learners failed to interpret the diagram
because they read textuaformation adjacent to the diagram.

Table 7.3 shows that seven | earners mentioned ¢
or bit. Most of these | earners read ONew Moond
these learners engagedrapresentational processing to form mental images of visual information,

and to read verbal information presented on the diagram. Then, these learners engaged in
referential processing to interpret the circles as representing the Moon, and to iderdifsots as
indicating the direction of the Moonbés orbit.

One learner mentioned links between the Earth and the Moon while interpreting the diagram, while
two | earners gave no information regarding hin
diff i cult to know whether the | earnersd verbal sy
of information. However, it can be concluded that their nonverbal systems engaged in
representational processing which enabled them to form mental imagesh&d@ Moonds or &
Furthermore, these learners engaged in referential processing which enabled them to interpret the
arrows andtheeighthadfhaded circles as representing the Mc

7.2.3 Black and white colours on the moon shapes

Helpful hints about interpretation of colours on the moon shapes

Learners might use the following facts to interpret the white colour as representing half of the Moon
il luminated by the Sunés rays, and to interpre
facingavay from the Sundés rays.

1 Natural colour Learners might relate black colour with darkness/night and white colour with
light/day.

7 Captions Two captions on the diagram (on top left and top right) show half of the Moon
il luminated by the Sundés rays.



T Lnk to thelLB8anadasrsamsght make a direct 1| ink be
colour on the Moon.

Learnersod interpretation of colours o

Seven learners discussed the black and white colours on the moon shapes whildingterpre

Diagram 21a. All the seven learners correctly interpreted the black and white colours on the moon

shapes. The following extracts show examples of their responses.

R: alright. Now 1 6d | ike you to | oo kefulytandtdl mswhdtyomgr am, t hi
think the artist is trying to show us here.

Selomo: (silence)

R: what are you looking at?

Selomo: at the (pointing at the diagram)

R: alright

Selomo: thanks, ja

R: just keep talking as you are looking at it

Selomo: ja, it shows how the Moon goes and when the Sun gets the Moon at a certain point

R: it shows how the Moon goes?

Selomo: how it circles the Earth

R: how it circles the Earth and?

Selomo: and how the Sun catches the Earth

R: okay how does the Moon circle the Earth?

Selomo: okay (he moved his hand along the lunar circle in a counter clockwise direction)

R: what gives you that clue?

Selomo: the arrows

R: alright the arrows?

Selomo: okay the pictures ja

R: alright you said how the Moon circles the Earth and how the Sun?

Selomo: how the Sun catches the Moonasit(movi ng his hand al)ong the Moonds orb

R: okay, how does it, can you explain that for me?

Selomo: like here, the Sun shines from this side (moving his hand from the four arrows representing the
Sunds rays t owar dsoittcaickes timoMoon s ail tngse sides closest to the Sun are
illuminated by the Sun)

Another example

R: ... Why is half of each of these shaded black (pointing at the moon shapes) Do you have a clue?
Lehana: no

R no clue what so ever, try to |look carefully at the di ac
think these arrows, you see we have other arrows here(r ef erri ng to the arrow9 represen

Lehana:  hawdéhe Moon lights the Earth
R: pardon?
Lehana: the light that comes from the Sun
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R: what gives you a clue that ités |light that
Lehana: because on this side (pointing atthe caption) it says Sunds rays
R: okay it says the Sunbs rays

Lehana: and on this side (pointing at the non-shaded side of the moonshapes) t her e i s
side

R: okay, let me go back to my question. Why do you think half of each circle is shaded black?
Lehana: because of the Sun

R: because of the Sun?

Lehana: (inaudible)

R: pardon

Lehana: because of the light

comes

light.

R: okay why are these (pointing at the shaded part of the Moon), | want us to get this straight, why are these

Lehana: black in colour?

R: yes why is the other one black?
Lehana: because there is no light

R: there is no light on the black ones?
Lehana: yes

from

It os

Three learners (Lisebo, Seboka and Fumane) described the colours later in their interview (when
determining the appearance of the Moon from Earth, using Diagram 21a as disouSsetian

7.6) . However, I present their responses

in

interpretation of these colours. All the three learners appeared to have a good understanding of
what the colours represented. The following edttiitustrates an example of their responses.

R: and you were looking at this moon (pointing at the moon shape in a Waning Gibbous position in Diagram

2la) . Il 6d | i ke you to tell me what you think
Moon is in that position.

Fumane: I 6d see the sunlit side of the Moon.
R: how would it appear to you? Can you draw that?

Fumane: must | draw what | would see?

R: try to draw it if you can

Fumane: (she drew a circle) it would be a normal circle, it would be white

R: it would be?

y, the

Fumane: it would be like this part (pointing at the non-shaded half of the moon shape), sunlit it would be

white.
R: anormal circle that would be white

Fumane: j a, | i ke ipdintirngattne centra of thé Fagh siape) e @nd | 6 m
ahead (moving her hand from the earth shape to the moon shape in Waning Gibbous position) ,
able to see the dark part because of the angle.

R: alright
Fumane: so itélwonautstbdeswhded,friadm the point that
Fumaneds statement 6sunl it i t wo tshaded hal of thé i

t

woul d se

l ooking str

wonot be

| ook

ted

moon shape suggests that she interpreted this half as representing the surface of the Moon

illuminated bythesun6s rays.

16¢



Table 7.4 summarizes |l earnersd responses. The
three hints available to help during interpretation of the diagram. All the learners linked the white
col our wi t h Sun 6 dition, thtee mdicatedt thab the. black tolour eepresents
darkness (or night) and further indicated that the white colour represents light (or daytime). None

of the learners mentioned diagram inscriptions when interpreting the black and white colours.
Degite this, all learners correctly interpreted the black and white colours on shapes representing the
Moon. These responses suggest that learners can correctly interpret diagrams when there are hints
to help with the interpretation.

Table 7.4 Learners' interpretation of the black and white colours on moon shapes in Diagram 21a
Figure 7.1)

Learner Interpretation of Cues
Black/white colours Natural colour KT R TS
Lisebo a -
Lehana a .
Makalo a ; .
Motena a .
Wé
Seboka a -
Fumane a .
Masilo a - .
'‘Mamosa a .
Selomo a .
It i's possible that | e ar n e rtisedbegwvreng lofainformatiprs t e ms

processing because none mentioned diagram inscriptions when interpreting the black and white
colours on the moon shapes. It appears, therefore, that the learners engaged in representational
processing which enabled them torfomental images of information illustrated in the diagram, and

then engaged in referential processing which enabled them to correctly interpret the black and white
colours on the moon shapes.

724 The Sundés rays

Helpful hints about interpreting arrowsasre pr esenting the Su

Learners could use the following facts to deter
1 Natural colour Learners might associate the yellow colour with the Sun.

1 Labetl The captiorS u n 0 sshoulédhinsto learners thatther r ows r epresent t he

17C



91 Link with the Moon Two captions on the diagram (on top left and top right) show half of the
Moon il luminated by the Sunds rays. Learners
represent the Sunbés rays.

learnersod i nterpretation of the arrows
Nine |l earners correctly interpreted the arrows
1 Three of these | earners mentioned the | abel o

helped them determie t hat the arrows represented the
illustrates their responses.
R: | want you to tell me, you see we have this whole diagram here, have a look at it and tell me what you

think, tell me everything that is obtainable from the diagram. Remember | want to know what learners
see. If you look at this diagram what is it saying to you?

Motena: must | just explain everything that | see?

R: everything

Motena: okay, from, this is Earth (pointing at the Earth shape)
R: okay

Motena: and 1 6m kind of c¢onf usiring attaeooa shape latielled FulFMobn) is Mo o n  (
like, why is the Moon dark this side? Why is the Earth

half moon is bright, do gPou understand what | 6m sayin
R: no
Motena: wi t h, i t @anting atEhe Full Mobhosbape) (

R: okay, you said this is the Earth

Motena: it is

R: why do you think itdéds the Earth?

Motena: because these are drawings (pointing at the blue and brown colours on the Earth shape)
R: so drawings mean the Earth?

Motena: because the Moon is revolving aroundit(movi ng a pen along the Moonds orb
clockwise direction)

R: alright. So this (the lunar circle) shows the Moon revolving around the earth?

Motena: andthereason, okay for me, now | can think of somethi ng
(pointing at the non-shaded half of the Earthshape) i s b ec aus e poihtiagathempdalel r ay s (
arrows) come from this side

R: oh these (pointing at parallelarrows) ar e the Sunds rays?

Motena: ja

R: why do you think so?

Motena: because itds written ASunds rayso and | can see th

R: tell me about the colour

Motena: t he Sun is somewhat yellow, and that orange from t

growing up that the Sunés yellow, so thatdés why | thinl
1 Six learners mentioned the | abel 6Sundés rays/

represented the Sunbés rays. The following ex

R: alright, and what are these big arrows (the four yellow arrows), what do you think they are supposed
to tell us?
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Seboka: they are Sun rays

R: how do you know?
Seboka:

it 6s pwriintttienng haetr et h(e

| abel

One learner said that sbal not know what the arrows represented

R: okay, what do you think these four big arrows are?

Lisebo: Il dm not sur e
R: youdre not sure
Lisebo: ja

R:

about what they are?

Lisebo:

R:

itos

iSunods

raysao

just, can you look at the diagram. If you looked at the diagram, is there anything that could give you a clue

probablypponnihggato)hbi Mophésupeb(t

for what, maybe? Can you think about that?

Lisebo: to give us example of how this diagram is meant to work.

Table 7.5 summarizeslar ner s 6

responses.

Table 7.5 Learners' interpretation of arrows representing the Sun's rays in Diagram 21a (Figure 7.1)

Learners

Sunrays

Clues

Yellow colour

Diagram caption

Lisebo

z

N/A

N/A

Lehana

Makalo

Motena

Karabo

Seboka

JSUR I DI IV ()

[ et B et BN et I entd

Fumane

Masilo

6 Mamo s a

Selomo

[ T R )

[ et B et A et I et BN et

The

resul t

S

show

that

ni ne |

earners

correct

These learners used least one of the hints available on the page: six explicitly referred to the

caption of the arrows while three referred to the caption and mentioned the yellow colour. All these
learners voluntarily read this caption, contrary to findings reportedeiratiire that many learners
do not read captions until they are asked to do so (e.g. Ametller & Pinto, 2002 and Khanyane,

2002) .

Th

e

fact

t hat

al |

t hese |

earners

rays suggests that their verbaldamonverbal systems were active during information processing.
The learners engaged in representational processing which enabled them to read captions and to
form mental images of the arrows in the diagram. Then, they engaged in referential processing

whi

ch enabl

e d

t hem

t o
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whether learners engaged in associative processing because the diagram provided both verbal and
nonverbal information about the Sunds rays.

The learner who eimed not to know what the arrows represented referred to none of the hints
available on the page. This suggests that not paying attention to hints available on diagrams might
result in failure to interpret the diagram. Section 7.5 (p 181) discussdsatigu of these results

on | earners6 interpretation of conventions used

7.3 Interpreting Diagram 21b

Learners were shown a page that has Diagram 21b, and they were asked to describe what they
thought the diagram illustrated (Figure #l@strates this Diagram).

Helpful hints concerning interpretation of Diagram 21b

The following hints could help learners figure out that the eight shapes represented phases of the
Moon.

1 Diagram captions Two types of labels could help learners figout what the diagram shows.

i Heading ofthediagpam The heading 6The eight phases o
determine that the diagram illustrates phases of the Moon. However, the heading might be
missed out altogether because it is written vaitemaller font size (the design principles
recommend that headings be more conspicuous than text).

i Names of lunarphases The names OFul | Moond and ONew N
show the Moon. Other names are likely to have meaning only to learhersave learned
about the topic.

1 Text: Two issues on the text could help learners interpret the diagram as illustrating phases of
the Moon

U Heading of the pagélhis clearly states that the page is about phases of the Moon.

U The text This explains whyhe Moon appears to change shape.

Learnersod6 interpretation of Diagram 2

Nine learnergorrectly interpreted the shapes as representing phases of the Moon.

1 Only one of these learners explicitly stated that the diagram illustrated phases of the $1oon, a
indicated in the following extract.
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Yiyia®

The phases of the Moon

As the Moon moves around Earth, it seems to change shape in the
night sky. These changes are the result of the position of the Moon
in its orbit around the Earth. One half of the Moon is always in
sunlight but we cannot always see the entire sunlit section because
of the Moon’s position. The only time we do see the whole sunlit
section is during full Moon. At new Moon the sunlit half of the
Moon is facing away from Earth and we cannot see it at all.

The diagram on page 26 shows the eight main positions of the Moon
during its orbit. The pictures below show you how the Moon
appears in the sky at these eight points. We call these the phases

of the Moon. The Moon goes through these phases every 293 days.
This is called a lunar month. The first stage is called waxing
because the Moon seems to be getting bigger from new Moon to full
Moon. The next stage is called waning because the Moon seems to
get smaller from full Moon to the next new Moon phase.

) )00

New Waxing First Waxing Full Waning Last Waning
Moon  crescent quarter gibbous Moon gibbous quarter crescent

The eight phases of the Moon
Observing and recording Moon phases
LO1AS2; LO2 AS3

1. You are going to keep a record of Moon phases for 28 days. Start
tonight!

a) Draw a chart with a simple sketch like this o)[e)[e)[e)[e)le)le]
one showing 28 days. ololololololo]
b) Look at the shape of the Moon in the night O|o[0[0]0]0[0]
sky each night and colour the part of the ololo[00[0[0)]

Moon you can see in yellow on your diagram.
c) Write the date on each block.

2. At the end of the month, try to fill in on your chart the eight main
phases of the Moon when they occurred .

3. Will the full Moon occur on the same date every month? Give
reasons for your answer.

4. The start of the Muslim holy month of Ramadan is linked to the
phases of the Moon. Find out how.

27

Figure 7.2 A page illustrating Diagram 21b
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R: é Now | et 6s refemirlg todage 27 which has Biggem 21b). What do you think the
artist is trying to tell us here?

6 Ma ma shais trying to tell us, (pause) it has to do with the previous picture.

R: it has to do with the previous picture?

6 Ma ma swith the phases of the Moon; oh bananas (pointing at Waxing Crescent)
R: oh you see the bananas?

6 Bimosa: and half a moon and a full moon

Her reference of t he crescent as a Obananabo

Wil helmbs (2009a) study. Wil helm asked three
about the Moon. One of theshildren said that she had seen the Moon and it looked like a
banana. It appears that people someti mes use
from earth.

Four learners (Lisebd,ehana, Makalo and Fumang)ai d t hat t he gq@asafgr am i

moono. However, their responses indicate tha

Moon. The following extract gives an example of their responses.

R: é& 106d Ilike you to look at this di agrefarimt@PRage2T el | me wi
which has Diagram 21b).

Lisebo: these are the different types of moons

R: please explain to me

Lisebo: like I said in the first picture, the quarter moon, the half moon, the Full Moon, and the different
shapes that the Moon comes up in the evening.

R: please explain that to me as well
Lisebo: (she laughed)
R: no, you see | need to know what you understand when you look at these

Lisebo: the way the Moon sits with the Earth, and then the light reflects, say the Moon reflecting and the
Earth cutting half of the Moon or however much of the Moon

R: okay, can you tell me why these shapes are drawn to be different, why has the artist drawn different
shapes here?

Lisebo: maybe to show that the Moon is never the same

Two learners (Selomo and Seboka) said that the diagram illustrated quarters of the Moon.
However, it was clear from their responses that they interpreted the diagram as illustrating
phases of the Moon. The following extract illustrates their responses.

R: é have alook at this (Diagram21b) and t el | me what you think itods tel
Selomo: itdés telling us about different quarters of the
or Full Moon

R: if you can try to speak louder

Selomo: okay it shows, okay it shows the, the, the different way the Moon, the Sun catches the Moon's
light, and it shows the way the Moon looks when the Sun is in different places and the Moon is in
different places

Two other learners (Masilo and Karabo) interpreteddiagram as illustrating phases of the
Moon. The following extracts show their responses.
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R: é so |l ook at tht eainagita&ml| ( hieaguham you think itds te
telling us here?

Masilo: | think he is telling us the same thing he told us on that diagram, page 26. This would be the New
Moon (on Diagram 21b) you can see the black part is not visible (pointing at the black half of the Moon
on Diagram 21a)

R: okay
Masilo: and this (Waxing Crescent on 21a) would be the second following the New Moon

The other learner

R: é What do you t hink ireferriggdd Diagrano2db)? n t hi s di agram (

Karabo: now this shows that Ful I Mo o n, quarter moon, hal
(pointing at Diagram 21a)

R: okay, |l et6s talk about this one before trying to r
different? What do you think is going on here?

Karabo: well, obviously the Moon doesn6t stay the Moon a
different pictures to show that it changes from quarter moon, Full Moon

The remaining learner appeared to have some confusion. First she interpreted the diagram as

illustrating the Moon.

R: alright. Letds have a | 2d.WNowvathisisavhab lthéwve told tdeiotheg leaaners. ( Di agr am
This is page 26 and that is page 27, so they are from the same book

Motena: yes

R: so the, what do you think is going on in this diagram? What do you think the artist wanted to show us here?

Motena: are these moons?

R: well, what do you think they are?

Motena: j a becausehapéd ibtadmwintadattheMéaxing Crescent)

R: so the Moon is banana-shaped?

Motena: if itds a half moon itds somewhat oval

R: okay,

As the interview progre®d, she interpreted the diagram as illustrating a solar eclipse.

Motena: okay no | think itobés the sss, okay, | donot know wh
Sun

R: oh you think itdéds the Sun?

Motena: | would

R: oh,youwouldt hi nk itds the Sun because?

Motena: reason being that the Sun is bright and when the Moon comes over the Sun it becomes dark
(pointing at Waxing Crescent).

R: pardon

Motena: the Sun is making light on to Earth

R: okay

Motena: and when the Moon appears, when the Moon rises, Earth becomes dark
R: okay

Motena: so | 6d say thatds why
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R: you know I 6m missing that one, when the Moon rises the
Motena: yes somewhat

R: can you explain that to me?

Motena: you know in the bible when they say let there be light and let there be darkness

R: mmmm

Motena: the light is meant to be taken from the Sun

R: okay

Motena: and the Moon, the darkness is meant to be taken from the Moon

R: okay

Motena: so | would say that this yellow part is the Sun (pointing at Full Moon)

R: okay

Motena: and then the black thatdés coming over it is the Mo

This response suggests that she interpreted the diagram as illustrating the Moon obscuring the Sun
from Earth viewers. This means tishe interpreted the diagram as illustrating a solar eclipbe.

changed this response after reading the diagram caption, saying that the diagram illustrates phases
of the Moon.

Motena: but if you would read it, it says this is the Moon
R: okay
Motena: yes it says this is the Moon, which might mean
R: okay

Motena: which might mean, unless the Moon was revolving around the Earth, the Sun might be like this page
here, this side (pointing at Diagram2la) , t hat 6 s why i n same tphetoatrfeesr i $i0de diatr
(pointing at First Quarter on diagram 21b)

R: ja you see youbve said many things. Okay, what are yoc
Motena: i t 6s | pointang at Didgram pla)ct ur e (

R: okay

Motena: the Moon is revolving around the Earth

R: alright

Motena: and as it moves the part thatés shining is when th
R: okay

Motena: do you understand me?

R: the part that?

Motena: the part that is shining is the part that

R: |l et 6s say t he poiatingatDiagram Xy is the partidimat her e  (
Motena: the Sun is shining on

R: okay 1 6m not sure if | understand that, | etdls take it
me.

Motena: likehere(poi nti ng at t he Sun)dhsereaseny sy toisparDs lighy(whitethal2ofl a
the Moon in New Moon position) is because the Sun is reflecting on it

R:  mmmhhh

Motena: so the reason why this is light (pointing at moon shapes on Diagram 21b) is because light is
reflecting on it.



Her response corroborates findings of Ametller and Pinto (2002) and Khanyane (2002) who found

that some learners correctly interpreted diagrams after reading captions.
Di agram 21bDb.

| earner so

interpretation

o

Table 7.6 Learner's interpretation of Diagram 21b

f

Table M&rizam

Hints used by the learners

Learners | Diagram Names of lunar phases :
nterpretation Heading
Full Moon New Moon Last Quarter

Lisebo a i

Lehana a u u

Makalo a i

Motena a

Karabo a i

P ——

Seboka a i}

Fumane a u ]

Masilo a U
‘Mamosa a u u
Selomo a i i

The table shows that learners paid attention to different inscriptiore atiagram.

1 Names of lunar phaseBbline learners mentioned at least one of these names. The tenth learner

( Mot ena)

ment i

oned

none

of

t hese

names

whi l

e

you would read it, it

saa she read lkome indcriptiorts tore theMo o n 6

diagram, but did not specify the verbal element that she read. The overall result shows that
learners readfull MoonandNew Moommore than other names, as was the case in Diagram 21a.
The reason for this is not cledout literature suggests that these are the most commonly known

names of moon phases (e.g. Hobson et al., 2010).

Other verbal elementsOnly one learner (‘Mamosa) mentionBthases of the Moomvhile

interpreting the diagram. No other learners expligiéigd this caption, corroborating results of

researchers who found that sometimes learners do not read captions of diagrams (e.g.

& Pinto, 2002; Khanyane, 2002).

Ametller

It is possible, however, that the learners paid no attention to the caption béeacaption was

written in smal.l font (similar to font

used i

rest of the text. This would corroborate results obtained by Khanyane (2002). She asked ten

had
t he

ch
of

we b, wh i a

the font

learners to interpret a diagram illustrating @ o d
in a font similar to

text

captio
on

while interpreting the diagram. The remaining eight learners used other terms to describe what
the diagramliustrated. Khanyane suspected that the learners paid no attention to the caption

because the caption was written in a small font size.
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An overall result is that almost all learners correctly interpreted the diagram as illustrating phases of
the Moon, dspite the fact that very few used appropriate terminology. The results further show
that all learners paid attention to inscriptions when interpreting this diagram. The dual coding
theory posits that these learners engaged in representational proedssmgnabled them to read
verbal elements on the diagram, and to perceive nonverbal information on the diagram. Thereatfter,
the learners engaged in referential processing which enabled them to interpret the diagram as
illustrating phases of the Moon. i# difficult to know whether the learners engaged in associative

processing because both verbal and visual information were presented on the diagram.

74 Summary

0]

fool

earner so

|l nterpretati

Table 7.7 summar i breo$Didgranaslaend®I®d. i nt er pr et at
Table77Summary of |l earners6é interpretation of
. LUNAR
Earth LUNAR CIRCLE SUNGS RA PHASES
Cues Cues Cues 0 Cues Cues
L (% 3 8
earners < c n X 0 (7] — %]
= = > P ]
5| & s | § g | _| 8|5 S E | 5|2
w [ g c | € 2 c |@¢2 3 o | N 5| B8 <12 a2 2
o | ¢ o | o IS € |lo3| 2| o | © IS o | » 5 o
S1s|e|s |S|8|E88|lals|s|lc|els |¢|%
o o 20| ® @ Q0 g
sl §g|2|e.| S| 2eel S| 8 e|B|S|8]egl Sl
S|l E|l2leg| | E|eE|lR|E|e|T|8|E|Le8| 8| 3
£ < J 1S ol O J 1= =z | £ > [a) J1lSw]| O =
Lisebo a i a U a u | 2 a ]
Lehana | Z a a u | a 1] a U
Makalo a | g ar o Jo |® o lu]l?® lulu a i
Motena | @ | u | u a U a g | & |a | ra
Karabo a 1] a u a 1] 1] a 1] a a
e ——
Seboka a i i a u a 1] a 1] a a
Fumane | & 1] a 1] a a a a a U
Masilo a i i a ] a 1] 1] a ] 1] a U
'Mamosa | a 1] a a 1] a 1] a u
Selomo a i a U U a u a 1] a U

The table shows that in general, the learners correctly interpreted information illustrated in the two
Thefive high spatialability learners and one low spatalbility learner correctly
interpreted all information illustrated in these diagrams while four low sgaiility learners each
had a problem with one component of the diagrams. These results steoyweeak link between
i nterpretation
between the five low spatialbility learners (top five on the table) and five high spahility
learners (bottom five on thi@ble). The table further shows that learners paid attention to different

diagrams.

di

agram
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hints available on the diagrams. Two learners (Lisebo and Lehana) who said that they did not know
what some components represented mentioned none of the hints. The resultstisagtgsnhers
got the correct interpretation by paying attention to different components of the diagram.

Table 7.7 further shows that in many instances in this study, learners read verbal elements while
interpreting diagrams. This suggests that the poesef verbal information helped the learners to
interpret the diagrams. Dealing with verbal and nonverbal information helped the learners to
engage in representational and referential processing, which helped them to understand information
illustrated inthe diagrams. This corroborates results reported in literature, which show that
presentation of verbal and pictorial information helps learners to better understand of information
(e.g. Chandler & Sweller, 1991; Mayer, 1989; Mayer & Gallini, 1990; Swetlal., 1990).

The fact that the learners appeared to be able to interpret the diagrams used in this study contradicts
results obtained in previous studies which show that learners struggled to interpret diagrams (e.g. du
Plessis et al., 2003; Khgane, 2002; Stylianidou et al., 2002). However, a careful analysis shows
weaknesses in design of the previous studies, which might have prevented learners from accurately
interpreting diagrams. For example:

1 Some of the previous studies used poorligtesi diagrams. For example, Stylianidou et al.
(2002) asked learners to interpret a diagram illustrating energy conversions in which water was
used to generate electricity. Stylianidou et al. realized that at a first glance the diagram
appeared to illusate water cycle, and suspected that some learners might misinterpret the
diagram because of this. Indeed, the majority of learners interpreted the diagram as illustrating
water cycle. In the current study, | investigated ambiguities in diagrams, lantedediagrams
with very few design problems. This could be one of the reasons why the learners were fairly
able to interpret diagrams in the current study.

1 Some researchers asked questions requiring learners to use background knowledge when
interpretng diagrams. For example, Khanyane (2002) asked ten learners to interpret a diagram
illustrating formation and breakdown of ozone molecules. Whilst interpreting the diagrams,
Khanyane asked the | earners to deeudes.iGny t he ¢
six of the ten | earners correctly interpreted
correctly interpreted the O6sticksd as repres
regarding what the sticks represented. As aresulK hanyaneés question i n\
background knowledge of the meaning of the -balitstick model, not necessarily
interpretation of the diagram. In my study, | ensured that no background knowledge would be
required to interpret Diagrams 2lada@lb. This might be another reason why the learners
found the diagrams easy to interpret.

1 Some researchers removed diagrams from their context. For example, du Plessis et al. (2003)
asked learners to interpret a diagram illustrating the cardiac cyéte.verbal information
(labels or text) was presented to explain what the diagram illustrated. The majority of learners
failed to interpret information illustrated on the diagram, probably because they did not
understand this information. In my studypresented the diagram together with accompanying
verbal information in the form of text and labels (which were the original context). This
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provided several hints helping the learners to interpret the diagrams. It appears as if the
questions asked by ddl essi s et al . (2003) investigated |
cardiac cycle rather than | earnersodé interpret
who has high skills in diagram interpretation and no background knowledge oacceydle

would fail to interpret the diagram because no information was presented to explain
components of the diagram. The presence of many helpful hints on Diagrams 21a and 21b
could be another reason why the learners were able to correctly interpitethete diagrams

illustrated.

The foregoing discussion suggests that careful selection of the diagrams, and presentation of
diagrams within their context (e.g. adjacent text) is essential to help learners interpret what the
diagrams illustrate.

7.5 Interpretation of Conventions

The following section evaluates the extent to which learners interpreted three conventions used in
Diagrams 21a and 21b.

7.5.1 The same symbol appears more than once, representing one
entity as it changes position

Learners hadd realize that the eight shapes surrounding the earth shape represented one entity
(the Moon) orbiting the Earth.

I used Diagram 21a to investigate | earnerso6 i
interpreted the shapes as representing the Ri@d s or bi t around the Eart/
considered to have been able to interpret the convention. The tenth learner (Makalo) appeared to be
uncertain, saying the shapes represented the earths, the moons or the planets. Saying that the shapes
represented the earths or the moons might suggest that he interpreted these as representing one
entity (the Earth or the Moon) changing position over time. However, saying that the shapes
showed different planets indicates that he thought that the shapesergpd different entities, and

therefore failed to correctly interpret the convention.
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7.5.2 The same symbol appears more than once, representing different
entities

Half-shaded shapes representing the Earth and the Moon

Learners had to realize that tharger halfshaded circle at the centre of the diagram represented
the Earth, while the smaller hathaded circles with arrows ibetween represented the Moon.

I used Diagram 21a to investigate | earnerso i
correctly interpreted the Earth and the Moon in this diagram. As a result, they are considered to
have correctly interpreted the convention. One learner (Lehana) correctly interpreted the Moon but

not the Earth. It is difficult to ascertain his abilityinterpret this convention.

One other learner (Makalo) appeared to be confused. He interpreted the larger circle as
representing the Earth, but interpreted the smaller circles as the Moon, the Earth, or the planets. It
appears that he somewhat ipretted the shapes as representing the same entity (Earth), as he
mentioned Earth for the larger and the smaller circles. Also, he appeared to interpret the circles as
representing different entities, as he said that the smaller (and not larger) cipceseméed the

Moon or planets. These responses show that he was somewhat unable to interpret this convention.

Arrows representing directions of the

Learners had to realize that p a rila turvedl arrows r o ws
(between the moon shapes) indicated the directi
I used Diagram 21a to investigate | earnerso6 i
correctly interpreted parall eldtlerconedvarronsas r epr e
representing the direction of the Moonds orbit
One | earner (Makal o) correctly interpreted par

interpreted the curved arrows as indiicg the direction of the Moon's rotation. However, he got

confused as to whether the shapes represented the Moon or the Earth or the planets. Despite this
confusion, he interpreted these arrows to indicate the direction of the Moon's orbit. Thus, he is
considered to have been able to interpret the convention. Another learner (Lisebo) correctly
interpreted the curved arrows as indicating the
what the parallel arrows represented. It becomes difficuliscertain whether she was able to

interpret this convention.

These responses indicate that the learners were able to interpret the arrows in this diagram. It is
possible that the learners were able to interpret this convention because the diagraed provid
enough information for interpretation of the arrows. Literature shows that learners correctly
interpret arrows in well designed diagrams. For example, nine out of ten learners correctly
interpreted arrows in a well designed diagram illustrating foedow i n Khanyaneds (2
However, only six out of ten learners correctly interpreted arrows in a diagram illustrating sections

of a plant in the same study. The latter diagram had no hints helping learners to interpret the

182



arrows. This might expla why a number of learners failed to interpret arrows in the diagram
illustrating sections of a plant. In another study, Stylianidou et al. (2002) found that several learners
had a problem of interpreting arrows when the arrows represented differdr@sentiowever,
Stylianidou et al. realized that the meaning of the arrows was not clear in the diagram.

7.5.3 Different symbols represent the same entity as it changes shape

Learners had to realize that the shapes in Diagram 21b represented the sam@renbitgon) as it
changes shape over time.

All learners correctly interpreted the shapes as illustrating the changing appearance of the Moon.
This includes Motena who first thought that the shapes illustrated a solar eclipse, but later realized
that the shapes represented changes in the appearance of the Moon. All these learners are
considered to have correctly interpreted the convention.

754 Summary of | earnersod interpretation

Table 7.8 summarizes | eamvedtions.d6 i nterpretation

Table 7.8 Learners interpretation of three conventions used in Diagrams 21a and 21b
same symbol appearing more than

once showing different entities same symbol appearing more Different symbols
Learners than once,representing one representing the same
Earth and ; ; i ; ;
Moon arrows entity changing position entity changing shape
Lisebo a ? a a
Lehana ? a a a
Makalo r a r a
Motena a a a a
Karabo a a a a

Seboka a a a a
Fumane a a a a
Masilo a a a a
‘Mamosa a a a a
Selomo a a a a

The table shows that five high spatiddility learners and two low spatiability learners correctly
interpreted all the three conventions used in Diagrams 2l1a and 21b. Twspdtel ability
learners each corrdgtinterpreted two conventions, but could not be assessed on the third
convention because they provided insufficient information. One learner (Makalo) correctly
interpreted one component of the first convention, failed to interpret the second conveumtion,
correctly interpreted the third convention.
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Il n summary, ther e

appears to be a very weak

Il i n

of conventions used in these diagrams, as all learners generally interpreted the conventions

correctly. That is, no remarkable difference is seen between the low sahiii#y learners and the

high spatialability learners about interpretation of these conventions.

7.6 Lunar phase determination

The purpose of

this purpose.

t his

s e c t lityadondetevrairge the shape of the lddon g at e
seen from earth as the Moon orbits the Earth. | used the following criteria to select moon phases for

1 | used all phases: New Moon, a cresemobn phase, a quarteroon phase, a gibbousoon

phase, adh Full Moon.

1 The selection included phases at the waxing and waning stages.

1 The phases were selected so that learners would imagine looking towardsltaadeside, the
right-hand side, the top, and the bottom of Diagram 21a using the earth shapefagsrece

point.

Table 7.9 indicates the phases that were selected, and location of the Moon relative to the Earth

during each phase.

Table 7.9 Selected moon phases, and location of the Moon relative fetEarth during each phase

Location of the Moon relative

Moon phase Stage to the earth shape
New Moon New Left
First Quarter Waxing Bottom centre
Full Moon Full Right
Waning Gibbous Waning Top right
Waning Crescent Waning Top left
Accurate determmt i on of the Moondés shape required

surface of the Moon facing the Earth, (b) the shape of this fraction as seen from the Earth, and (c)

side of the Moon not visible to earth viewers during each phase. T.dbldlustrates these issues

for the five selected phases.
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Table 7.10 Side of the Moon not visible to Earth viewers during five of the phases illustrated on
Diagram 21b (Figure 7.2}

Phase of the Moon

Fraction of the unlit
surface facing Earth

Fraction of the illuminated
Surface facing Earth

Side of the Moon not visible
to earth viewers

New Moon The entire surface None The entire .
surface

First Quarter Half Half Left-hand side n

Full Moon None The entire surface None O

Waning Gibbous

Less than half

More than half

Right-hand side

Waning Crescent

More than half

Less than half

Righthand side

This part of the interview consisted of two sections; Section 7.6.1 in which learners resppnded
making drawings, and Section 7.6.2 in which learners responded by selecting shapes cut out from
Diagram 21b.

7.6.1 Drawing phases of the Moon

Each learner was shown Diagram 21a while Diagram 21b was hidden away. They were asked to
imagine being at the o&re of the earth shape, i.e. at the intersection of the equator and the
terminator | ine (the terms O6equator6é and Ot er mi
drawn to this point). | preferred the centre because it is the only point froch wewers on the

earth shape could see the Moon in all the eight positions (the Earth would obscure viewers from
seeing the Moon in certain positions if a different location was used as a reference point).

The learners were asked to draw what theyughd the Moon would look like in each of the
selected five positions as seen from the Earth.
in each of the five positions, but the names of these phases were not used during interviews
(interview excerp@ clarify this). For most learners, the phases were approached in this order:
Waning Gibbous, First Quarter, Waning Crescent, New Moon and Full Moon. However, some
learners used a different order (as the interviews were onlysteustured, and thereferallowed

some freedom to the learners).

N.B.: One learner (Karabo) indicated that she would prefer to select shapes from Diagram 21b. As
a result, she did not participate in the drawing phase of the interview.

® Diagram21b illustrates phases of the Moon as seen fronmdinéaern hemisphere. As a result, this table
shows the moon shapes as seen from this hemisphere. Section 4.3.B{sBé~2hat the shapes would
face the opposite direction if viewed from the seathhemisphere.
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Waning Gibbous

Learners were instruetl to imagine being at the centre of the earth shape looking at the moon shape
located in Waning Gibbous position (their attention was drawn to this shape). They were asked to
draw what they thought the Moon would look like as seen from the earth shape.

Only three learners appeared to have correct ideas about appearance of the Moon in this position.

1 Selomo said that more than half of the Moon would be seen from earth during this phase, as
illustrated in the following extract.
R: alright. | want you to imagine standing here on earth (pointing at the centre of the earth shape), and you
are looking at this moon (pointing at the moon shape in Waning Gibbous position)
Selomo: ja
R: what do you think you would see, what would the Moon look like to you?
Selomo: it would look like (he drew a shape)
R: you see this is the shape that 1 6ém asking you abou

Selomo: (he drew a gibbous-like shape, and then shaded a small section that would represent part not
visible from earth.)

R: this would be the (referring to the shaded section of the shape he had drawn) }@*\J

Selomo: this will be the part that will be blocked out il

R: can you write that £tk

Selomo: (he | abelled the shaded )section as #fApar Lokl is dar

R: alright, how did you get this answer?

Selomo: because when the Sun shines fromthisway(movi ng hi s hand from the Sunods
shape), the Moon will be caught from right here (pointing at the section of the Moon that can be seen
from the earth shape),cat ch sort of, just a little bit, because it

R: remember wedr e pdinting ktitha moorashape it Vdaningredloons pdsition) and
you are here (centre of the earth shape)

Selomo: we would see that part there (moving a pen to show the part of the Moon that can be seen from
earth), but little bit will be dark (pointing at the black part on the section he says can be seen from the
Earth), and the rest of the Moon will shine

R: you know what, you moved your hand. Can you show us the part that you think will be seen as light
and the part that will be seen as dark?

Selomo: as light?
R: yes

Selomo: from right here (he made a curved line on the Waning Gibbous moon shape, which includes a
large white section and a smaller dark section)

R: and the other one will be seen as dark
Selomo: yes

The above extract shows that Selomo attempted to draw a gibbous moon shape. However, he
drew a shape in which the terminator line extends into the Moon instead of extending out of the
Moon,a shape referred to by Bell & Trundle (200
drew this shape when asked to illustrate the sequence of moon phases by Bell and Trundle
(2008) and Subramaniam and Padalkar (2009). These drawings suggest thpecpiadave

inaccurate conceptions about the shape of a gibbous moon, or have poor observation skills if
they ever observe the Moon in the sky (as suggested by Wilhelm et al., 2008).
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Table 7.11'Mamosa's ideas about crescent and gibbous phases

Selomo drew a shape in which the nasible side of the Moon is othe lefthand side instead
of being on the righhand side (see Table 7.10 for the appropriate shape).
illustrates moon phases as seen from the northern hemisphere, suggesting that all users of the
diagram deal with moon phases from this hetmése (in which the nowisible side of the Moon

is on the righthand side during the waning gibbous phase). People who use this diagram cannot
draw moon
wrong direction sggests that Selomo was able to determine the shape of the Moon, but failed to
determine the direction in which the gibbous moon would face.

phases

as

seen

from

t he

The diagram

sout hern

Masilo said that more than half of the Moon would be seen from Earth. Like Selomo, he failed
to draw a correct gilus shape. He drew a shape that is more than half, but not g#iteguesd
(see Table 7.12, p188).

Mamosaods

i deas

about

appearance

of

gi bbous

First she thought that the Moon would be cresshiaipped durig both crescent and gibbous
phases, as illustrated by her drawings in SketckesAlin Table 7.11.

Sketch 1 Sketch 2 Sketch3 Sketch4 Sketch 5 Sketch6
IS %) %) %) I= %) ) 2 %) IS
o3 o3
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=5 =0 =6 =20 =5 =20 =6 =20 =0 =6
- . ™ 1
) 7 4 ) ) J -
£ Q_ -
A0 ™~ - Confused
’ \u/ \ >
N

Drawings made by the remaining six learners indicate that they failed to determine the appearance

However, when asked to explain her drawingsketch 4, she said that a small portion of the
Moon would be visible from Earth during the crescent phase while more than half would be

visible during the gibbous phase. When asked to draw the appearance of the Moon during the

two gibbous phases, she dralapes illustrated in Sketch 5, and said that they represented

shapes

t hat

ar e

mor e

t han

half

(she

appears

h e

m (

t

that she attempted, but failed to draw correct shapes). When asked to draw the appearance of the

Moon during Waning Gibbous and Waning Crescent phases, she said that she was not sure

whether she would see the same or different shapes. Thus, at some stage she realized that more
than half of the Moon would be visible from Earth during the Waning Gibbbase.

of the Moon during this phase. The following extract illustrates an example of their responses.
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Fumane: okay

R: and you were looking at this moon (pointing at the moon shape in Waning Gibbous position) . I16d |i ke you
tell me what you think you would see. Here are the Sunébs
position.

Fumane: I 6d see the sunlit side of the Moon.

R: how would it appear to you? Can you draw that?

Fumane: (she wrote Al would see the sunl )JmustkdmewWwhatdwould f t he Moo
see?

R: try to draw it if you can

Fumane: (she drew a circle) it would be a normal circle, it would be white

R: it would be?

Fumane: it would be like this part (pointing at the non-shaded part of the Moon), sunlit it would be white.
R: anormal circle that would be white?

Fumane: j a, | i ke icéntrelofthe Earth)a, n dainndg Ihdéem el o(o kinavigghertandai ght ahea
from the earth shape to the moon shape in Waning Gibbous position) , I wondét be able to see
because of the angle.

R: alright

Fumane: so itoll just be white, it wonot be shaded from t|

Table 7.12 illustrates the gbes drawn by the learners.

Table 7.12 Learners' drawings of a shape seen from Earth during the Waning Gibbous phase

Learners Learne Black/white colours Moon shape Side of the Man
Drawings Facing Earth P not visible to Earth viewers

Lisebo > ' r '

Lehana _/ r r r

Motena ( r r r

Makalo \\ r ' '

Karabo N/A N/A N/A N/A

Seboka

Fumane (O r r r

Masilo ‘ a r r

'Mamosa 7 a r r
AN

Selomo @ ), a r r

The table shows that only three learners who had Highest spatial ability scores correctly
determined the fraction of the illuminated surface of the Moon facing Earth. However, these
learners failed to determine the shape of the Moon as seen from the earth shape in the diagram. The
table further showshat six learners failed to determine the fraction of the lit surface of the Moon
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facing Earth, and the shape of this surface. Consequently, they could not determine the side of the
Moon that is not visible to earth viewers during this phase.

First Quarter

Learners were asked to imagine being at the centre of the earth shape looking at the moon shape in
First Quarter position. They were asked to draw what they thought the Moon would appear to be
like as seen from the Earth shag@nly one learner (isebo) drew a wrong shape (i.e. a shape other

than half).

R: okay, |l etds take this as our s eRrsiQuarteppostiony j onoyPoenst nk
standing on earth. Draw just what you think you would see
Lisebo: | 0 at hatf @rawirtg b shape illustrated on the right hand side). This half over

here

R: youdd see which half J

Lisebo: this half (her hand obscured the camera from seeing the half)

R: oh youdéd see that half
Lisebo: vyes

She said that she would see hdlftee Moon, but she did not state what the half would appear to be
like to her. She drew a shape other than half, suggesting that she failed to determine the appearance
of the Moon during this phase.

Eight learners drew hathoon shapes, suggesting tiia¢y were able to determine fraction of the
illuminated surface of the Moon visible from earth, and the shape of this surface as seen by viewers
on earth. However, only one of these learners (Lehana) drew a half Moon correctly indicating the
side of theMoon that is not visible to earth viewers.

R: okay, you are still in that position on earth (pointing at the centre of the earth shape) and you are o~
looking at this moon (pointing at the moon shape in First Quarter position). What do you think you / h
would see? J

Lehana: maybe this as well (drawing a half moon similar to one he had drawn earlier)
R: maybe that as well
Lehana: yes

Analysis of his drawings shows that he drew the same shape for all the five phases (see Table 7.16,
p 194), and he could not explavhy the Moon would appear to be the same in all the five phases.
This suggests that his correct shape for the First Quarter phase might have been some guesswork.

Table 7.13 shows that of the remaining seven learners, six drew the half moon asmetre fr
diagramviewer perspective, not from the earth shape illustrated on the diagrams. Thus, they failed

to determine the side of the Moon that is not visible to earth viewers during this phase, regardless of
spatial ability skills. It is notable th#tte shapes drawn by the six learners are somewhat similar to

the shape of the AFirst Quarterd phase seen in
borne in mind that the name fAFirst Quarser o wa
with poor background knowledge in phases of the Moon are less likely to have known that the
Moon in this position represented the First Quarter phase. The results suggest, therefihie, that
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learners failed to perform mental rotations needed to imdgokeng at the moon shape located at
the bottom of the page, using the earth shape as a reference point.

Table 7.13 Learners' drawings of the shape visible from Earth during the First Quarter phase

Learners Learner S Black/white Moon Side of the Moon
Drawings Facing Earth shape not visible to earth viewers

Lisebo | o~ T r r r
Lehana D) a a a
Motena (| a a r

Makalo L a a r

Karabo N/A N/A N/A N/A
Seboka ﬂ a a '
Fumane Q a a r

Masilo "‘- a a r
‘Mamosa ™ a a r
Selomo Q) a a ‘

Waning Crescent

Learners were asked to imagine being at the centre of the earth shape looking at the moon shape
located in a Waning Crescent position, and to draw what they thought the Moon would appear to be
like as seen from theaeth shape. Four high spatability learners appeared to have some correct
ideas about the appearance of the Moon during this phase.

1 Selomo and Masilo drew crescent shapes correctly indicating side of the Moon that is not visible
from earth. Theyr@ the only learners who completely determined the appearance of the Moon
during this phase. The following extract illustrates an example of their responses.

R: alright that is your third diagram (pointing at the moon shape in the Waning Crescent position)

Masilo: (he drew a crescent-shaped moon, facing the correct direction) v
i

R: and your answer again is going to be / I

Masilo: it 6s a quarter | think \\\

1 'Mamosa realized that less than half of the Moon would be seen from earth during this phase,
and she was ablto draw the shape of the Moon, but she missed the direction this moon had to
face as seen by viewers in the northern hemisphere (as discussed in Table 7.11).

1 Seboka said that a small portion of the Moon would be visible from Earth during this phase, bu
he failed to draw a crescent shape.

19C



The remaining five learners failed to determine the shape of the Moon seen from earth during this
phase. The following extract illustrates a sample response from these learners.

R: alright we are here (pointing at the moon shape in Waning Crescent position). This is the next one. g

Motena: (she drew a half moon again saying) i t 61 | be the same 5|

R: can you explain that to me?

Motena: no s or r ysheiattempten to&ancel her drawing) ( i

R: noyoudon6t cancel this you draw again ‘,

Motena: okay (she drew a verticalline) t hat 6s what | woul d see !

R: okay

Motena: because the light is shining on this part (pointing at the illuminated half of the Moon in this position),
but |1 6m st andgatthe chntre ofthe(earth shape)i nso | candt real mwinggee what
a pen on the curved line that forms the outside boundary of the white section ofthe Moon) so | 61 1 see t he
(pointing at the terminator line) , | 611 see otthe straightness

Table 7.14 illustrates | earnersodo drawings of th

Table 7.14 Learners' drawings of a shape visible from Earth during the Waning Crescent phase

Learmners Learner g Black/white Moon Side of the Moon
Drawings Facing Earth shape not visible to earth viewers
Lisebo 7 r r r
Lehana D r r r
Motena E ' ‘ ¢
Makalo B r r r
Karabo N/A N/A N/A N/A
7Y

Sehoka ¢ a r r
Fumane r r r
Masilo a a a
‘Mamosa a a r
Selomo a a a

The table shows that learners with high spatial ability generally performed better in tlistphas
learners with low spatial ability.
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Full Moon and New Moon

Learners were asked to imagine being at the centre of the earth shape looking at the Moon in New
Moon phase, and to draw the shape they thought they would see. After this, theykedr® ak®
the same for the Moon in Full Moon position.

All the high spatialability learners drew a complete circle to represent appearance of the Moon
during the Full Moon phase. For New Moon, three of these learners drew a shaded circle saying
that the viewers on Earth cannot see the Moon. The remaining two learners made no drawings, but
said that the Moon would not be visible from earth. The following extract illustrates a sample
response from these learners.

R: € Then t hi s wiioh (poining at the moorf shape it New |damrs godition)

Fumane: it will be the same as number three

R: alright

Fumane: (she drew a shaded circle writing Awonb6t see the moor

shape drawn for Waning Crescent position)

R: and can you tell us why you think so

Fumane: you dondt get a black moon
R: you dondét get a black moon?
Fumane: so you wondt be able to see it

R: alright, and that (pointing at Full Moon position)

Fumane: this one (pointing at Full Moon position) Q,\

R: yes, this is our fifth position

Fumane: (she drew anon-shadedcircle) ¢é because itodés | ight, its Sun shining

These responses suggest that the learners were able to determine the amount of the sentif surfa
the Moon visible from the earth shape during the Full Moon and New Moon phases. On the
contrary, none of the lowspatial ability learners correctly determined the appearance of the Moon
from Earth during these phase, as exemplified by the folloestigact.

R: alright. Letds t ake pointingatthedNewoMoon pdsitian)g position nombertb er f our

four, and draw for me what you think you would see. You are standing here (pointing at the centre of earth
shape) looking at this position number four.

Makalo: (silent)

R: tell me what you are thinking

Makalo: 1611 b e panting & the blackpatef the Moor) (
R: please draw that for me

Makalo: I 611 be able to see t hi s hgdewhshadedehalf moon sirilartowi t h t he

one hedd drawn fpr Waning Gi bbous
R: because?

Makalo: because if | stand here | canb6t see wha behind
R: | et 6 s tulMeon)tahthiedasto ne (
Makalo: I 611 |l ook at this as the white part first

R: draw only what you think you would see
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Makalo:

(hedrewanon-s haded

hal f

mo o n

Quatrter, i.e. what appears to be a Last Quarter moon)

R: alright you would see this

Makalo: yes
R: because

Makalo:
shaded
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Table 7.15 Learners' drawings of shapes visible from Earth during New Moon and Full Moon phases

hedd

tfoo u

for

New Moon Full Moon

Learners Learne Black/white Moon Learne Black/white Moon

Drawings facing earth shape drawings Facing earth shape
Lisebo ) r r ¢ r r

[ N

Lehana D r r D r r
Motena 'i ' r ( ' r
Makalo r r (] r r
Karabo N/A N/A N/A N/A N/A
Seboka a? a a - a a
Fumane a a Q\ a a
Masilo Not visible a a J a a
'Mamosa Not visible a a () a a
Selomo i a a C a a

of |l earnerso dr awi

Summary ngs
Table 7.16 illustrates drawings made by the learners while Table 7.17 summarises information
illustrated in Table 7.16. The two tables show that the majority of learners failed to determine
fraction of the Moon visible from earth during several phasehi®fMoon. Colin et al. (2002)

found a similar problem in a study involving 34 high school students. They presented the students
with a diagram illustrating the Sunds rays appr
why two regions on the phet could not be seen from the earth shape on their diagram. Only four

| earners gave correct explanations. Thus Col i
current study which show that some high school learners struggle to explain why Egtans of

an illuminated planet cannot be seen from Earth.
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Table 7.16 lllustration of shapes drawn by the learners

Waning Gibbous First Quarter Waning Crescent New Moon Full Moon
~= 0 | D i O
Lisebo ey, o 7 ) A
e - B W kN
™~ -~ M B
Lehana [ ) b D D, J:)
Motena ( (| : | if
- E s
Makalo (\ U B {J
Karabo N/A N/A N/A N/A
AN Ve 7 N T -
Seboka (G ﬂ 4 - 4 \_/

Fumane ( N Q

Masilo L () 4 Not visible ‘
- N .
'Mamosa 7 N AT Not visible 0)
N ™ , . -,
Selomo @ ) \% @ 0@ (/

Table 7.17 Frequency of moon shapes drawn by the learnets

Frequency of shapes
Learners

Crescent Half Gibbous Circle Other
5 Lisebo 0 2 0 0 3
1 Lehana 0 5 0 0 0
10 Motena 0 1 0 0 4
4 Makalo 0 5 0 0 0
9 Karabo N/A N/A N/A N/A N/A
6 Seboka 1 1 0 2 1
7 Fumane 0 1 0 4 0
2 Masilo 1 1 0 1 1
8 ‘Mamosa 2 1 0 1 0
3 Selomo 1 1 1 2 0

° | have arranged the learners from top to bottom according to spatial ability test $doneisers in the first
column indicate the order in which learners were interviewed. That is, Lehana was the first to be interviewed
while Motena vas the last to be interviewed.
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The nature of shapes drawn by the learners

Low spatialability learners:None of these learners drew a crescent shape, a complete circle or a
gibbous shape. Lehamaad Makalo drew halfnoon shapes only. These drawings seem to suggest
that Lehana and Makalo drew the Moon as seen from the diageaver perspective, not as seen
from the earth shape (the Moon would take other shapes if perceived from the earth Shipia).

turn suggests that Lehana and Makalo failed to perform mental rotations needed to imagine looking
at the Moon using the earth shape as a reference point. Lisebo drew twmobalshapes and

three shapes that are difficult to classify. Her raamp could not explain why the Moon would
appear to be as she had drawn in the three shapes. It appears as if she was confused.

Motena drew one hathoon shape and four unclassifiable shapes. When drawing moon appearance
for Waning Gibbous and Full Moophases, she said that she would see the curved side of the
illuminated half of the Moon, and she drew curved lines facing the-higin side as a result of

this. When drawing moon shapes for Waning Crescent and New Moon positions, she said that she
would see the vertical line making the dark/light interface (i.e. the terminator line), and she drew
vertical lines as a result of this. Her drawings seem to suggest that she failed to imagine the Moon
as a spherical object. If she imagined the sphericainmshe would not see the terminator line
during New Moon because the black side of the Moon would obscure parts of this line. In the same
way, she would not see a curved line during Full Moon.

High spatiatability learners:Each learner drew a haifioon shape and at least one circle. Four of

these learners each drew a crescent shape, and one of the four learners drew a gibbous shape. The
foll owing i ssues observabl e from | earnersé dr
unclassified shapewasts attempt to draw a crescent shape \
his attempt to draw a gibbous shape. Fumane drew four circular shapes in an attempt to illustrate

the appearance of the Moon during New Moon, Full Moon, Waning Crescent and Wilntiogi €

She said that she would see a black circle during New Moon and Waning Gibbous phases, and
further said that she would see a white circle during Full Moon and Waning Gibbous phases. These
responses suggest that she failed to realize that pofttbe black half of the Moon faces the Earth

during Waning Gibbous, and that portion of the white half of the Moon faces Earth during Waxing
Crescent.

In summary, low spatiadbility learners struggled to determine the shape of the Moon seen from
Earth duing the five moon phases, while high spashllity learners correctly determined the
appearance of the Moon during two phases and struggled to determine the appearance of the Moon
during three phases. These results somewhat indicate a link betwdgemdpat abi | i ty and
ability to determine shape of the Moon seen from earth illustrated in diagrams illustrating the Earth
Moon-Sun system Such a link supports findings showing that spatial ability correlates with

| earner sd unde rysdneepts(e.q Blackg 2005aasdtRudmana, 2002).

Correctness of :llugedhe folowiregdr idtr earwii an gtso eval uate cor
drawings. | consider a response to be
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i Correct if a learner correctly determined the shape of the Masible from earth, and the side
of the Moon that is not visible to earth viewers during each phase

i Partially correct if a learner correctly determined fraction of the Moon visible from Earth, and
the shape of this fraction, but failed to determinesilde of the Moon that is not visible to earth
viewers.

i Wrong if a learner failed to determine the fraction of the Moon visible from Earth, the shape of
the Moon and the side of the Moon that is not visible to earth viewers.

Table 7.18 illustratescorrecte s s of | earnersd dr awi ngs.

Table 7.18 Summary illustrating correctness of learners' drawn responses

Learners Number of wrong Number of partially Number of fully correct
Responses correct responses responses
5 Lisebo 5 0 0
1 Lehana 4 0 1
10 Motena 4 1 0
4 Makalo 4 1 0
9 Karabo N/AM N/A N/A
|
6 Seboka 1 2 2
7 Fumane 2 1 2
2 Masilo 0 2 3
8 ‘Mamosa 0 3 2
3 Selomo 0 2 3

Each learner failed to draw at least one phase correctly. This supports repudtg@is studies in

which particispaensi die@ 8hapes when asked to di
see when making daily moon observations (e.g. Bell & Trundle, 2008; Trundle et al., 2007b;
Wilhelm et al., 2008). The learners who partgated in the current study drew wrong shapes

despite having seen correct moon shapes while interpreting Diagram 21b. This suggests that the
learners had poor background knowledge and/or personal experience of the shapes so that they
could not draw accuratshapes. The following trends are observable from Table 7.18.

9 Table 7.10 illustrates the side of the Moon that is not visible to Earth viewers during each of the five moon
phases.

1 Karabo declined to draw her responses. Instead, she asked for permission to select answersufrom the

out moon shapes (as discussed in Section 7.6.1, p 185). Thus, she did not participate in the drawing phase of
the interview.
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i Low spatiatability learners Each of the four learners made five drawings, which resulted in 20
drawings. Table 7.18 shows that in total, these learners made one fully correct drawing, two
partially correct drawings, and seventeen wrong drawings.

i High spatiatability learners Three of these learners made five drawings each, while two
learners each made four drawings and gave a verbal response. This resulted in 23 drawings and
two verbal reponses, i.e. 25 responses. Table 7.18 shows that in total, these learners gave 12
fully correct responses, 10 partially correct responses and three wrong responses.

These results indicate that high spatibllity learners were better able to determime appearance
of the Moon from earth, than low spatalbility learners.

Phases of the Moon by difficultyTable 7.19 illustrates phases of the Moon by difficulty, starting
with the shape whose determination appeared to be easy for the learners, eihding @arie whose
determination appeared to be the most difficult for the learners.

Table 7.19 Phases of the Moon by difficulty, from the easiest to the most difficult

Moon Numbe_r of Iearn_ers who core_ctly Number of Iearn_ers who Number of Iearn_ers who _
determined fraction of the white/ | correctly determined shape | correctly determined the side of

phases black portions of the Moon facing | of the Moon seen from the Moon that is not visible to
earth earth earth viewers

First

Quarter 8 8 0

New

Moon > > ]

Full

Moon > > )

Waning

Crescent 4 3 2

Waning

Gibbous 3 1 0

The table shows that First Quarter was the easiest phase to determine, where eight learners (five
with high spatial ability and three with low &l ability) realized that half of the Moon would be

seen from earth, even though none correctly determined the side of the Moon that is not visible to
earth viewers. During this phase, the igible part of the Moon appears to be on thetefind

side as illustrated on the diagram, but appears to be in thehagitt side as seen from the earth
shape drawn on the diagram. Drawing a-hadion facing the wrong direction suggests that the
learners failed to change perspectives in order to imagine pakithe Moon from the earth shape.

The table further shows that only five learners correctly determined the shape of the Moon visible
from Earth during Full Moon and New Moon phases. All these were high sphifi&y learners.

In addition, the tald shows that few learners determined fraction of the Moon visible from Earth
during crescent and gibbous phases. Again, all these were high-apdiigllearners. However,

only two correctly determined the direction the crescent would face, and ooeetly determined

the direction the gibbous would face. These results indicate that in general, learners encountered
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more problems with crescent and gibbous phases than other phases of the Moon. These results
indicate, however, that high spatatbility learners performed better than low spaaiaility learners
in determination of moon shape during these phases.

The semistructured nature of interviews conducted in the current study allowed the learners to

draw different shapes, many of which were naoe c t . This is in agreemen
(2004) claim that opeended questions allow learners to give a variety of responses, some of which

are not correct, contrary to forcedh oi ce questi ons whi ch bi as I e
scientificd | y acceptable ideas. I n fact, |l earners wk

gave more scientifically acceptable responses about the shape of the Earth when presented with a
globe, than when answering without the globe.

7.6.2 Selecting phases of the Moon

The purpose of this part of the interview was to investigate whether thmucutoon shapés
would help the learners to determine the shape of the Moon seen from the Earth during the five
phases discussed in Section 7.6.1. For all intervith@szutout moon shapes were arranged in this

GEREDOOCCH

Figure 7.3 Arrangement of cut-out Moon shapes during interviews

Each learner was asked to imagine being at the centre of the egréhlsbking at the Moon in

each of the five positions discussed in Section 7.6.1, and to select a shape which they thought
represented appearance of the Moon during each position (the moon would appear to take the
following shapes: Waning Gibbous, First @eaa, Waning Crescent, New Moon and Full Moon).
Again, | earners6 attention was drawn to positioc
moon phases were notusedhe f ol | owing results were obtained

Waning Gibbous

Six learners selected ngibbous shapes: three selected dnadfon shapes while the other three
selected crescent shapes. The following extract illustrates a sample response from these learners.

R: alright, |l etd6s come bagchk ota@askhiypuditagdamonMowi mpmeg d iht
you to imagine standing her e mintingahthetfdur,arroivs),ehssessyoaone t he Sun
earth (pointing at the centre of the earth shape), these are the moons, | want you to consider this first moon
(pointing at the moon shape in Waning Gibbous position); if you stood here (centre of the earth shape) and
the Sun was coming from this side, and you looked at this moon, how would the Moon appear to be like to
you?

Karabo: not very clear
R: mmmm

12 These shapes were cut out from Diagram 21b as discusSedtion 3.6.2 (page 77)
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Karabo: but | could see a bit of sunlight because of the 1|
R: okay, | et 6s d o revedlingtthe cusoutwnaon shage® yoa ard hiere Ipokiagrthere (

Karabo: okay, lightrays come fromthi s si de; mmmmm, I t hi n(selettidglacg-eue pr obabl
Waxing Crescent shape)

R: okay, can you tell me why you think so?

Karabo: because thereds | i gmdvingradand from thedrrong representimgthech e b ac k  (
Sun 6 stowaedythe earthshape) , and | 6 m st andimoginglthe maed fronaticeiearth t her e (
shape towards the moon shape in Waning Gibbous position); so these light rays will help me to see a bit but
not much

Selection of the nogibbous shapes sugge that the six learners failed to determine the shape of
the Moon visible from earth during this phase.

One learner selected a Waxing Gibbous shape as exemplified by the following extract.

R: I want you to | ook at t Ibegisneng, sndsop stand here ghe éash shapeohack t o t |
Diagram 21a). If | say to you when you look at the Moon in this position (Waning Gibbous position) you
would see one of these shapes, which one do you think it would be?

Lehana: this one (selecting the Waxing Gibbous moon shape)

R: why?
Lehana: because itds also a D shape but itds higher, itds up
R: what do you mean?
Lehana: (he was silent)
R: u ka e hlalosa ka Sesotho, [can you explain it in Sesotho]?
Lehana: ha ke le tlase moo (pointing at the earth shape) ke e shebetse holimo akere? [When | am down here
(pointing at the earth shape) it appears to be above me, right?]
R: Okay
Lehana: ha ele holimo joalo ha ke no bona, D eo ha e no hlaha seka ha e hlahile mona (pointing at New
Moon) o tlo hlahaase akhd at h evthielne i [t is above me | wonodt see, the D v
here (pointing at New Moon), it will appear to be cut].
R: okay, | et 6 s geirging atghie Bown imthe Waring &ibhious position), which section will

appear to be cut?
Lehana: this section (moving a hand as if to indicate the dotted line inside the moon shape)

He got stuck when trying to justify his selection of a Waxing Crescent Moon shape. It was not clear
whether he did not have a reason for selecting the sbapéhether he had encountered language
problems. | asked him to explain in Sesotho language to eliminate a possible problem of language
articulation, and this seemed to help because he gave further explanation about his selection of the
shape. Selectivof a Waxing Crescent shape suggests that he failed to determine the shape of the
Moon visible from earth during this phase (the Moon would appear to be a Waning Gibbous).

Only three learners selected the gibbous shape that correctly indicatsideof the Moon that is
not visible to earth viewers during this phaséhese learners had the highest spaiality skills.
The extract from Selomods response illustrates
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R: you know what, | have these shapes here (referring to the cut-out moon shapes) , |l 6d | i ke you to |
them. Alright here is the first one, this position (pointing at the moon shape in the position of Waning
Gibbous in the diagram). So which of these have you drawn (referring to the cut-out moon shapes)?

Selomo: (he selected a Waxing Gibbous)

R: you have not drawn this one (Waning Gibbous)?

Selomo: (he attempted to select Waning Gibbous)

R: wait, take your time and choose the one you think it/
Selomo: (he looked at them for a while and then selected a Waning Gibbous cut-out moon shape)

R: why

Selomo: because the Sun will be shining thisway(movi ng a hand from the arrows repr
rays towards the Waning Gibbous moon shape on the diagram) so just that part of the Moon will be in the
dark, weod6ll see most of the Moon

The three learners had drawn partly correct shapes earlier in the interview (see Section 7.6.1, Page
188). It appears that the presence of-auit moon shapes enabled them to determine the
appearane of the Moon during the Waning Gibbous phase.

First Quarter

Learners were asked to select a shape that they would see if they were standing on the earth shape
looking at the Moon in the First Quarter position. Six learners selected wrong shapesf these

learners (Lisebo and Karabo) selected a Waning Gibbous shape. This response suggests that they
failed to determine the shape of the Moon that would be seen from the earth shape. This response
further suggests that the presence ofauitmoonshapes did not help them to determine fraction of

the Moon visible from the earth shape during
attention. First she selected a Waning Gibbousoatiimoon shape, but changed her mind saying

that the appropate shape was not among the eightamt moon shapes. The following extract
illustrates her response.

R: alright. And this was our second one (pointing at the moon shape in First Quarter position)

Lisebo: this one (selecting a cut-out Waning Gibbous)

R: the Moon would appear to be like that?

Lisebo: ja, no, I 8 donét know. You dondt havepontigeat one t hat
the cut-out moon shapes) B

R: so the right one is not here? ,.)»'-j}f\\\g:\

Lisebo: yes thegofne I 6m thinkin 6_7—//

R: thatdos okay; |1 &m going to ask you vo-wuraw 7t somewher e

Lisebo: (she drew a circular shape and made a curved line inthecirclesaying) | 6d see this half

R: you know thereds two things heowehowmé, ehichldawoalth e hal f at
we see?

Lisebo: the one above, thisone(wr i ti ng 6éaboved on this part

Saying that she would see the top half of the Moon suggests that she imagined looking at the Moon
using the earth shape as a reference point (sindeattle is above the First Quarter moon position
on the page), which further suggests that she was able to change her orientation on paper. Selection
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of a gibbous and then saying that the appropriate shape was not among the esghtsbapes
suggests tht she failed to determine fraction of the Moon visible from earth during this phase, and
further suggests that the emtit moon shapes could not help her determine this shape.

Four of the six learners selected a Last Quarter instead of the FirstrQalepe. That is, they
selected a halinoon facing an opposite direction as exemplified by the following extract.

R: é Youdve pointmgatthe Wakirig €resgcent cut-out moon shape) for that one (pointing at the
moon shape in Waning Gibbous position on the diagram). And then my second one was this one (pointing
at the moon shape in First Quarter position). Can you select the appropriate one for me?

Seboka: (he selected the Last Quarter cut-out Moon shape)
R: why?
Seboka: b e c au $tke Modn8hadethia | f o

It is possible that these learners imagined looking at the Moon from the diagram viewer perspective
(i.e. as drawn on paper) and not from the earth shape on the diagram. The shape of the Moon faces
the right hand side when vieweain the earth shape.

Only four learners selected the correct shape, i.e. a half moon facing thbamghside. Three

were high spatiaability learners while the forth was a low spa@diility learner. All these learners

had drawn half moon shapesrlea in the interview, but only one (Lehana) had drawn the half
moon facing an appropriate direction (see Table 7.13, p 190). Selection of the correct shape
suggests that the cout shapes helped three high spaaiaility learners to determine the sleabe

half moon had to face.

Waning Crescent

Learners were asked to imagine being on the earth shape looking at the Moon in Waning Crescent
position. They were asked to select a shape which they thought represented appearance of the
Moon in this podion. All the high spatiahbility learners selected the correct shape. The
following extract illustrates an example of their responses.

R: so this is the first (pointing at Waning Gibbous position), this was our second (pointing at the First Quarter
position), and this is our third shape of the Moon (pointing at Waning Crescent position)

Fumane: (she turned the page at about 30° clockwise from the vertical, to look at the Moon in the Waning
Crescent position) | think it will be this one (selecting the Waning Crescent cut-out moon shape)

R: and tell me why you think so

Fumane: because if you look at it in this angle (moving her finger from the earth shape towards the Moon in
Waning Crescent position) youdl | see mostly | ikke onkoayhi nlgyt btelteamn sgou
slightest bit of it, like at the bottom, for example like that part there (pointing at the cut-out moon shape that
she selected) alright

Only two of the high spatiadbility learners had drawn correct shapes for this ph@ib&s suggests
that the presence of the entit moon shapes improved performance of the other three high spatial
ability learners.
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None of the low spatiadbility learners selected a crescent shape. The following extracts illustrate
some of their resptses.

R: alright. | think we had our third diagram here (pointing at Waning Crescent position)

Lehana: it would be this one (selecting Waning Gibbous cut-out moon shape)

R: aright, why, | always ask why because | want to know what you are thinking.

Lehana: because itds i n t heWasiag®ébbopspssitidanf on as this one (
R: itds in the same position as this one?

Lehana: but itdéds just on a different side

R: okay

Lehana: so it would be the same

Another extract

R: now we have our position three here (Waning Crescent position) . Sel ect, webve still got
the table.

Makalo: can |, is it possible that | can use these again (pointing at First and Last Quarter cut-out moon
shapes)

R: ohyes

Makalo: i f | 6m | onwkng highara wranrthe kaetht shapd towards the Moon in Waning Crescent
position) | must probably see this part first (selecting a Last Quarter cut-out shape)

For the low spatiahbility learners, one selected a First Quarter shape, another selected a Waning
Gibbous shape, two selected a Last Quarter shape, while the fifth said that the Moon would look
like any of the gibbous shapes, but she could not decide which one it would be. These results
indicate that high spatiability learners outperformed low sptability learners in determining

the shape of the Moon during this phase.

New Moon

One learner (Masilo) was not asked to select a shape which would be visible during New Moon
phase because his response while drawing indicated that he had a gomdandaohg of the
appearance of the Moon during this phase. Out of the remaining nine learners, five selected the
correct shape (one with low spatial ability and four with high spatial ability). The following extract
illustrates one of their responses.

Mamosa: this (Full Moon) would definitely be this one (selecting the cut-out Full Moon)

R: alright, why?

6 Ma mao Iseaause the sunrays show on a circle, and, okay the sunrays, | think they show one half of the

Moon, and the other half, the dark side ofthe Moon i s behind, so you dondét see t
you see the front, and | think it will be a Full Moon.
R: alright
6 Ma mao sl then this one (pointing at NewMoon) | 6 m starting with the easier one
R: aright

6 Ma ma sthas one (New Moon) will be this one (selecting the cut-out shape representing New Moon)
R: mmmhhh
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6Mamosa because you see, you dondét see anything, you just
dark ités also dark and you see the dark side of the Moo
R: okay
6Mamaoasaand the |light rays are shining on the side that we
R: okay

Four of the five learners had drawn the correct shape for this phase earlier in the interview, while
the fifth had drawn a wrong shape. Thus, the presenoa-ofit moon shapes helped one learner to
realize that the Moon would not be visible from Earth during this phase.

The remaining four learners selected wrong shapes. All these learners had low spatial ability skills.
The following extract illustratesne of their responses.

R: okay, and here (pointing at the Moon in New Moon position)?

Karabo: obviously | 6d s ereferringut shapé represemtingNew Mdo® Moo n? (
R: what do you think it is?

Karabo: (she laughed)

R: r e me romlyetrying todimd out what the diagram means to you, so just tell me what you think it is.

Karabo: I think itds the Moon

R: alright

Karabo: and therebés l|ight rays coming from that side
R: mmmm

Karabo: s 0 | 06| delecting the cuttout Bull Moore  (

Selection of wrong shapes suggests that the four learners failed to realize that the Moon cannot be
seen from earth during this phase.

Full Moon

Two learners were not asked about this phase; one high spatigl learner Masilo) was not

asked about this phase as his response while drawing moon shapes (discussed in Section 7.6.1)
indicated that he had a good understanding of the appearance of the Moon during thighpleaze,

low spatiatability learner (Lehana) was not askedrde made by the researcher). Out of the
remaining eight learners, all four low spaft#dility learners gave wrong responses; three selected
half-moon shapes while the fourth said that the Moon would be dark. On the contrary, all four high
spatiatability learners selected the correct shape. The high sphtldal learners had drawn the

correct shape of the Moon earlier in the interview (see Section 7.6.1). These results indicate that the
high spatialability learners outperformed the low spatdliity learners on determination of the

moon shape seen from earth during this phase.
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Summary

Table 7.20 illustrates shapes selected by the learners, while Table 7.21 illusiregetness of (i)
shapes selected by the learners and (ii) the sideeoMibon that is not visible to earth viewers
during each phase. In the latter table, a cro3sndicates a wrong answer while a tick (
indicates a correct answer.

Table 7.20 Moon shapes selected by learners

Waning Gibbous First Quarter Waning Crescent New Moon Full Moon
Learners D n . D
Lisebo u D n n n
Lehana D n D N/A
Motena n n . n
Makalo n n n n n
O [ osms O | e
Seboka n . D
Fumane n n . D
Masilo D n N/A N/A
‘Mamosa D D . D
Sdomo D n . D

The tables show that low spatatbility learners tended to select a shape more than once: three
selected halfnoon shapes more than once while two selected a gibbous moon more than once. The
table further shows that only two highagialability learners selected a shape more than once.
Selecting a shape more than once suggests that the learners failed to makdo-@anene
correspondence between the eightautt moon shapes and the appearance of the Moon in the eight
positions arond the Earth.

In summary, the tables show that low spadiaility learners selected mostly wrong shapes facing
the wrong direction, while high spatiability learners selected mostly correct shapes facing the
correct direction. These results indic#tat high spatiahbility learners were better able to match
phases of the Moon with configurationstb& components dhe EarthSuntMoon system than the

low spatiatability learners. However, the results show that some high spétldl learners hd
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problems matching some phases of the Moon with configurations abthponents of th&arth
SunMoon system

Table 7.21 Correctness of shapes selected by learners

Waning Gibbous First Quarter Waning Crescent New Moon Full Moon

£ £ £ £ £

5 |522| & |328| 5 |B2s| g [3%8] G [3Es
5 | Lisebo r r r r r r r N/A | r N/A
1 | Lehana a r a a r r r N/A | 2 N/A
10 | Motena r r a r r r a N/A | r N/A
4 | Makalo r r a r r r r N/A r N/A
9 | Karabo r r r r r r r N/A r N/A
6 | Seboka r r a r a a a N/A | a N/A
7 | Fumane r r a a a a a N/A | a N/A
2 | Masilo a a a a a a Z N/A | 2 N/A
8 | 'Mamosa a a a a a a a N/A | a N/A
3 | Selomo a a a r a a a N/A | a N/A

Three points might explain poor performance of high spabdity learners in determination of

First Quarter, Waning Crescent and Waning Gibbous phases. First, literature shows that some
learners use stiegies not prescribed in manuals when answering spatial ability tests. For such
learners, tests measure skills not intended by designers of the tests. Furthermore, some learners
change strategies while answering spatial ability tests. For such leaarsest measures several

skills (not necessarily the one prescribed in the manual of the test). It was impossible to investigate
whether each learner used prescribed skills when answering each item in the spatial ability tests. As
a result, some leaens might have obtained high scores by using skills not measured by the tests.
This could explain why these learners encountered problems with determination of moon phases for
certain configurations of theomponents of thEarthhMoon-Sunsystem

Second}, the high spatiahbility learners who participated in interviews had obtained the highest
spatial ability scores compared to other learners in the group. However, each of these learners had
obtained low scores in at least two spatial ability tests @idtared in this study. This suggests that

the high spatiahbility learners who participated in interviews were weak in some spatial ability
skills needed to understand phases of the Moon. This, too, might help explain why these learners
encountered plilems with determination of moon phases, particularly for gibbous and crescent
phases.

The third possible explanation has to do with the nature of the study, i.e. the fact that only a few
learners participated in the interviews. A large sample wouldtbedgtablish whether stronger or
weaker links exist between spatial ability and lunar phase determination.
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7.7 Discussion

The following issues are the main observations in the chapter.

1

The discussion on sections 7.2 to 7.5 shows that learners were ligeabla to interpret
conventions used in Diagrams 21a and 21b. As a result, the learners were able to describe what
the diagrams illustrate. These diagrams consist of visual and verbal information as discussed in
Sections 7.2 and 7.3. | have used dumling theory to argue that the learners used nonverbal
systems when processing visual information, and used verbal systems when processing verbal
information. | proposed that the presence of visual and verbal information helped the learners to
interpretthese diagrams.

Literature shows that learners struggle to interpret poorly designed diagrams (e.g. Stylianidou et
al., 2002). | have argued in the course of this chapter, that learners who participated in the
current study were able to interpret Diagra?is and 21b because the diagrams had very few
design problems, and had several hints that helped the learners with the interpretation.

Section 7.6 shows that the learners encountered problems when mentally manipulating objects in
space. Similar problemisave been reported in literature. For example, several high school
students who participated in research conducted by Ru3sbbett (1984) and Sanders (2002)
encountered problems of determining shapes of «estons in biological diagrams, and in
perceiving spatial relationships of entities inside the cross sections. Also, several students who
participated in research conducted by Seddon and his associates encountered problems of
accurate perception of molecular structures, and manipulation efrtieures in space so as to
perceive them from different perspectives (Nicholson & Seddon, 1977; Seddon et al., 1984;
Seddon & Eniaiyeju, 1986; Seddon & Moore, 1986; Seddon & Shubba, 1985). All these studies
show that learners encounter problems whefiopming spatial skills required to understand
illustrations used in science diagrams.

Results obtained in the current study show s
ability to manipulate theomponents of th&arthMoon-Sun systemin space. That is, high
spatiatability learners were better able to manipulate #yistemin space when determining

phases of the Moon visible from Earth, than low spatimlity learners. This finding supports

results obtained by other researcherswhoinveastgal | i nks bet ween spatial
understanding of Earth science concepts. For example, Black (2005) found significant positive
correlations between spatial ability and | ear

Rudmann (2002) faud s 0ome rel ationships bet ween spat.
conceptions about the cause of seasons (see Section 2.1.3, p 22).

The results obtained in this study show that both low and high sphiigy learners
encountered more problems with detenation of crescent and gibbous phases than Full Moon,
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New Moon and First Quarter phases. It is worthy to note that determination of appearance of
crescent and gibbous phases is more demanding than determination of other phases. In fact,
determinationof New Moon and Full Moon is easy because the entire surface of the Moon
facing the Earth is either visible or not visible. Determination of quarter moon phases is also
easy because half of the Moon is visible from Earth, which is usually indicatedra dalf in

diagrams illustrating phases of the Moon. Determination of crescent and gibbous phases
requires viewers to deduce a shape of the Moon that is not drawn on diagrams (illustrating the
Moonds orbit). Thus, vi e wminirgythase phdsest tban dhen mo r e
determining the other moon phases.

Literature shows that learners encounter problems when undertaking mental manipulations that
require sever al processes. For exampl ea, Fer k
Chemistry Visualization Test (CVT) dropped as the number of mental processes increased. In
addition, they found some positive correlations between scores obtained in spatial tests and
performance on the CVT. Ferk et al. concluded that students vadriguspatial ability skills

were the most successful in CVT, while students with least spatial ability skills were the least
successful. Their results help to explain why learners encountered more problems with crescent
and gibbous phases.

f Insummary results obtained in my study show some
ability to determine phases of the Moon associated with a given-EHadh-Sun alignment.
However, the results show weaker drgretatior ofbet we e

conventions used in diagrams illustrating phases of the Moon. This observation supports results
obtained by Rochford (1985), who administered several spatial and anatomical tests to university
students. Rochford found that performance ighkand low spatiahbility learners was almost

the same on anatomy questions that required no mental manipulation of objects in space.
However, his results showed that high spadlaility learners outperformed low spatability

learners on anatomicguestions that required mental manipulation of objects in space. The

results obtained by Rochford (1985), together with the results obtained in this study, seem to
suggest t hat spati al ability determi nes | e al
maripulation of objects in space, but has very little impact on performance of learners on tasks
which can be solved without manipulating objects in space.

7.8 Chapter summary

I n this chapter, I have used Di ag rtatimsof tBréeca and
conventions used in diagrams illustrating phases of the Moon. Furthermore, | have used these
diagrams to investigate | earcomponentsofahBarthMoony t o us
Sunsystemto determine phases of the Mooreséyy viewers on Earth. In the next chapter, | use

Di agr ams 19 and 24 to investigate | earnersd i
diagrams illustrating phases of the Moon. Thereafter, | present answers to Research Questions 4
and5associaed with | earnersd interpretation of diagr



Chapter 8 Di agram I nterp2)etation (P

8.1 Introduction

Chapter 7 presented | earnerso6é interpretation of

1. The same symbol appears more than once, representing the same entity agds cha
position (i.e. eight circles represent one not many moons)

2. The same symbol appears more than once, representing different entities:
c) Half-shaded circles represent the Earth and the Moon
d Arrows represent the directraydpns of the Moo

3. Different symbols represent the same entity as it changes shape

This chapter presents | earnersd interpretation
the previous chapter:

4. Black and white colours indicate parts of the Moon visérd not visible from earth.

5. Two-dimensional shapes represent thd@aensional objects (with no depth cues used in
diagrams).

6. Shape of the Moonds orbit indicates perspect
Sections 8.2, 8.3 and 8.4 presentiiearr s 6 i nt er P rthe®andithe 8 cooventionsh e 4

respectively. Subsequent sections summarize results obtained in the interviews, and provide
answers to the last two research questions.

8.2 Interpretation of colours on shapes representing Moon

phases
Al |l earners had correctly interpreted the Moon
21la and 21b. Diagram 24 (Figure 8.1) illustrat
the inner ov al and tohuet e Mo ocorvGasl . phaSest iionn t8he2.
interpretation of information illustrated in the two concentric ovals, while Section 8.2.2 presents
|l earnersd interpretation of black and white col

20¢



MODULE 3 ® UNIT 2

UNIT 2:

Look at the night sky and identify which

phase the Moon is in at the moment

The Moon's phases

As you know from earlier grades, many of the planets have smaller
bodies that move in orbits around them. These bodies are called moons.
For example, Jupiter has 16 moons. Like all the other bodies in the solar
system, moons make regular motions. They revolve around planets in
regular orbits.

Earth's moon

Earth has one moon. It takes 29'/: days for the Moon to complete its
orbit around the Earth. During the month, we can sometimes see half
the Moon, sometimes a whole circle of Moon and sometimes no Moon
at all. This is because, like Earth, only half the Moon can be lit up by the
Sun at any one time. The part of the lit half of the Moon that we can see
from Earth is called the phase of the Moon. We see all the phases of the
Moon in 29Y: days or one month. Look at the diagram of the Moon in
its different phases below.

The phases of the Moon

\ full

position 7
Sun's rays position 8 O position 6
p—
:‘\> Dus\lm_ﬂ_l_“ / position 5
e—
new // -
— _
position 2 O N‘———.’ __—-"O position 4
e = =]
position 3 E (\\
" ol
crescent gibbous
half
Moon's orbit around the Earth
74

Figure 8.1 A page illustrating Diagram 24




Table 8.1 illustrates design problems identified on Diagram 24. The table further shows that the
interview was designed to minimize impactloése violations on interpretation of the diagram.

Table 8.1 Impact of design problems on interpretation of Diagram 24

Principle Nature of violation Impact on diagram interpretation
Darkness of ta unlit part of the This creates an avenue for investigation of
Harmony Moon differs from darkness ofthe| | ear ner s6é i nterpreta
night sky. Moon when presented against grey backgrou

This creates an avenue for investigation of
The invisible part of the Moon can| whether learners considered the black or the
be seen (as black) on the diagram| white colour as representing part of the Moon
visible from Earth.

Non-ambiguity - — -
No inscriptions have been provide
to explain the purpose addiating | This creates an avenue for investigation of
lines between the Earthandthe || earnersé i nterpreta
Moon.
L Incomplete termsnew, crescent, | Incomplete terms would not prohibit learners
Scientific ! ) o .
ACCUrac half, gibbousandfull) have been from identifying constituents of each oval sha
y used to label phases ofthe Moon.| (t he Moonés orbit or
. The Moon's orbit and phases are | Learners would be able to itkfy phases of the
Audience !
compatibility drawn as seen from the Northern | Moon, despite the fact that the phases are

hemisphere. illustrated as seen from the northern hemisph

8.2.1 Interpretation of the two concentric moon ovals

Learners were asked to look at Diagram 24 (Figure 8.1) and describe what they thodyrtm
illustrated. Their attention was drawn to the two concentric moon ovals (if they had not done this
already) . This section presents | earnersé inte

1 Eight learners correctly interpreted the innerovaldsl ustrating the Moonods
interpreted the outer oval as illustrating phases of the Moon. The following extracts illustrate
examples of their responses.

R: okay, do you see we have a kind of a circle here (mo o n 6 s o r) and anather gnahere (phases of

the Moon), we have one circle inside and another outside, what do you think is going on in those two
circles?

Seboka: | think in the circle outside
R: outer circle
Seboka: they show us what we would be able to see on the Moon if we stand on Earth

outeroval: mo o mpldaseb

R: okay, and the inner circle?
Seboka: the inner circle would be how the Moon | ooks | t hi

inner oval: moond erbit
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Another example
R: This diagram (placing Diagram 24 on the table) | want you to study it and tell me what you think is
going on.
Fumane: must | study it and tell you what I think is going on here?
R: just tell me what you think the artist wants us to understand when you look at this diagram

Fumane: Ithinkthattheywant ed us to understand that the Moon doesnodi
di fferent, |l i ke shapes 1|i ke, whatever ; and it doesnot :

mo o roisand phasebs

R: so far youdve said two things; dthaattheé Moesnbbassmay
place it moves.

Fumane: ja
R: can you show me how you obtain that information from the diagram?

Fumane: not as in shapes, obviously itds gormomntingbe circul
at shapes in the outer oval)

R: okay

Fumane: because you see, that part of, there, is shaded of the Moon (pointing at the shaded part of the
Waning Crescent inthe outeroval) , so you only see a certain portion of

got the shape thing from

lOuteroval: mo o mpléasek

R: okay
Fumane: and the movement of the arrows; arrows show that the Moon moves around.

Inner oval: mo o rorbit

The remaining two learners correctly interpreted the outer oval as illustrating phases of the

Moon, butfailed to interpret the inner oval as illustrating the Moon in its orbital path. One of

these learners (Makalo) first said that the inner oval illustrated earths, but changed to say that it

illustrated the planets.

R: alright, | etr@®iagramm@4 .atHatvlei sa diosokr aat the diagram and t
showing.

Makalo: it shows the phases of the Moon

R: where are they? What gives you that clue?

Makalo: because of, we do get quarter Mo oike,this fpaiidtihg atMo o n and

Waning Gibbous inthe outeroval) it 6s one phase of t heasMarteringhed t hi s i ¢
outer oval), this (Waning Crescent in the outer oval) is maybe one third of the Moon

Outeroval: mo o rpldases

R: okay,letts do this first, what do you t hipoiktingahtese ar e, you
shapes in the outer oval)

Makalo: thatdés the Moon
R: and these (shapes in the inner oval)
Makalo: those are the Earth, eerrr, different planets

Inner oval: other entitiesthan the Moon
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R: this (outer oval) is the Moon, this (inner oval) is different planets, this is (pointing at the earth shape)
Makalo: the Earth

R: what gives you the clue that this is the Earth?

Makalo: because (long pause)

R: what are you thinking? Tell me.

Makalo: Il 6m most probably going back on my word and maybe
R: what?

Makalo: maybe thinking that this is the Sun (pointing at the Earth)

R: what would make you think that it is the Sun?

Makalo: because there are planets around us, because this is one side of the Sun and this is the other
R: alright, what gives you the clue that these are the planets?

Makalo: because thereds eight of them, and bitssemund are ei gt
the Sun.

This interpretation mirrors his confusion when interpreting Diagram 21a (Section 7.2.2, p 164),
where he appeared to be uncertain as to what the eigkghaaled circles represented (he said
the Moon, and then the earths, and ttlenplanets). It appears that he was confused as to what
the eight halshaded shapes illustrated.

The other learner (Lehana) first said that the inner oval illustrated the Moon, but when asked
about shapes in the outer oval, he said he was not sucevdsat the inner oval represented.
Finally he interpreted the inner oval as il 1
illustrates his response.

R: what are these arrows? (poi nti ng at the parallel arrows representing
Lehana: how the Sun lights the Moon
R: how the Sun lights the Moon, and those arrows? (ar r ows i n the Moonds orbital path

Lehana: how the Moon changes during the day

R: changes what?

Lehana: shape

R: oh, how the Moon changes shape during the day?
Lehana: yes

ICurvedarrows: changing shapesof the moon

R: and these shapes, these ones? (shapes in the inner oval)
Lehana: t he &

R: the circles, what are these circles?

Lehana: the Moon

inner oval: the moor]

R: okay

Lehana: no, these circles (pointing at the shapes in the outer oval)
R: the outer circle is the Moon?

Lehana: yes

louter oval: the moor]
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R: and this one? (pointing at the inner oval)

Lehana: |l dm not sure about these ones
R: alright. You said vy o ureferrmmgtéthe skapes inmthevihnartova) hese ar e? (
Lehana: yes

R: can | take you one step back. What did you say these were? (moon shapes on Diagram 21a)
Lehana: | thought these were moons

R: you thought these were moons?

Lehana: but now | d6dve got a different idea

R: youbve ¢ deéa, nawwhatfidyeurthénk they are?

Lehana: Il 6m stil]l not sure

Inner oval: uncertair|

R: you are not sure about those, (back to Diagram24)okay you dondét Kknshapesimthat t hese a
inner oval) but you know that this is the Moon (shapes in the outer oval). You said the arrows show?

Lehana: how the Moon changes during the day

ICurvedarrows: changing shapesf the moon

R: how the Moon changes during the day, and you said these are not the moons (pointing at the shapes in
the inner oval) these are the moons (pointing at shapes in the outer oval)

Lehana: | think so

louter oval: the moon)

R: the outer circle shows the Moon (pointing at phases of the Moon) , and t he inner circle, vy
what it shows?

Lehana: maybe this is the Moon (referring to the inner oval)
R: maybe itdéds the Moon?

Lehana: ja but these pictures (pointing at shapes in the outer oval) show how the Moon becomes. They
dondét show e x pointing ata dhapevin the irmer eval)it just shows how the Moon looks like

R: this one? (pointing at the inner oval)

Lehana: ja and this (pointing at the outer oval) how, the exact shape.

R: you know youbve got to explain this to me, one shows
Lehana: it shows how it looks like to us, not how it looks like in, wherever, in the skies.

inner oval: the moor]

The above responses indicate that all learners correctly interpreted the outer oval as illustrating
phases of the Moon, while only eight correctly interpreted the inner oval as illustratingtioerivid s

orbit. The dual coding theory can help to explain how the learners processed information when
interpreting shapes in the two ovals. First, it is noteworthy that no verbal explanations are provided

in the diagram to explain what each oval represents As a resul t [ assume
systems were not active in the beginning of information processing. The dual coding theory
proposes that the | earnersdé engaged in repres

information illustratedn the two ovals. Then they engaged in referential processing which enabled
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them to name information presented in each oval (although two learners gave wrong names to
information presented in the inner oval).

The next step of the interview investigatedd r ner s 6 i nterpretation of <co

8.2.2 Interpretation of black and white colours on shapes in the outer
oval

Learners were asked to explain what the black and white colours represented on shapes in the outer
oval. Learndradvnat bentwioomowas phases (Positions
These phases were selected because they both have crescent and gibbous shapes, the crescent
representing visible part of the Moon in Position 2, and representing the invisible parthdddin

in Position 6. Learnersd responses are discuss

1 Five high spatiahbility learners and one low spatalbility learner correctly interpreted white
colour as representing part of the Moon visible from earth, and black colour as repgegarttin
of the Moon not visible from earth. The following extracts illustrate their responses.
R: okay | want you to | ook at just one of intheewee shapes.
oval), tell me what is going on here.
Masilo: okay, | think the dark part
R: sorry which dark part, can you point at it

Masilo: the dark part (pointing at the black part ofthe Moon) i s t he part of the Moon tha
youdre on earth

dark colour: fraction of the Moon not visiblefrom earth|

R: alright
Masilo: then the white part is the part that will be visible
R: and how did you work that answer out

Masilo: because seeing the direction of Sunés rays | can sc¢
visible (the white section of the Moon inthe outeroval) and t he dark part is somethir

White colour: fraction of the Moon visiblefrom eartH

Another example

R: I want you to imagine being on earth, poitngahe centre
Waning Gibbous moon in the outer oval), what do you think the artist, according to the drawmg here,
what do you think we would see?

6 Ma ma s(sdlent)

R: you said this (pointing at phases of the Moon) shows what we would see. What would we see if we
looked at this (Waning Gibbous)? What do you think?

6Mamosa | dondt know what you mean

R: okay, what do you think is going on here (pointing at Waning Gibbous in the outer oval)? What do you
think the artist is trying to show us here?

6 Ma & here | think hebés telling us that the light sid
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R: mmmmhhhh
6 Ma ma saba specific time

White colour: fraction of the Moon visible from eartH

R: and the dark part?
6Mamaosa i s what we donodét see.

IDark colour: fraction of the Moon not visiblefrom earth

R: and the shading around, this grey you see this picture is grey here? We have this white, we have this,

|l et 6s call it black, and then the surrounding is grey.
6 Ma mo s(laughing) 1 dondt know

R: alright, now you said the artist is showing us what
youbd see. can you draw that for me?

6 Ma mao sdew?

R: ja

6 Ma ma sdeaw this part?

R: can you?

6 Ma ma fa

R: or you can choose from these (pointing at the cut-out moon shapes) ; wedve still got these
6 Mamosa it dslecting aWanioghGbbols cut-out shape)

White colour: fraction of the Moon visiblefrom eartH

R: okay, if you came here to Position two (Waxing Crescent in the outer oval)?
6 Ma mo sthen this one would be this one (selecting a Waxing Crescent cut-out shape)

White colour: fraction of the Moon visiblefrom eartH

The remaining four learners (i.e. Lehana, Lisebo, Makalo and Karabo, all with low spéitial a

scores) appeared to be uncertain as to whether the black or the white colour represented part of

the Moon visible from earth. The following extract illustrates an example of their responses.

R: alright here we ar e re(doifitingyabthe&eaente oftthe eagtlashapd) logkingandi ng t h

at this shape (Waning Gibbous in the outer oval), what do you think the artist, what according to the
diagram do you think is what you would see?

Karabo: what | would see?

R: ja, which shape?

Karabo: would | see?

R: yes, which shape of the Moon? How would the Moon appear to be according to this diagram?

Karabo: | think here if the Moon was lighter | would see that part (pointing at the black crescent), that part
would be dark (pointing at the white gibbous)

dark colour: fraction of the Moon visiblefrom earti

R: okay, the white part would be
Karabo: dark because it (not audible)

White colour: fraction of the Moon not visiblefrom earth
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R: and the black part would be what youdd see
Karabo: yes

R: what do you think this is? You see the Moon is whit
shading surrounding the Moon

Karabo: mmmm
R: what do you think it is?
Karabo: | donot know, space

R: Can | ask yotathesd shapes beredontrnet mdoa shapes), just select the one that you
t hi nk vy ou 6 pbinth@a \WanihgeGibbous(in the outer oval).

Karabo: the one that | would see?
R: yes
Karabo: i t 6<electing a cut-oat Meaxing Crescent)

White colour: fraction of the Moon not visiblefrom eartH

At this stage, she appeared to have interpreted the black colour as representing part of the Moon
visible from earth. The next part of the interview investigated her interpretation the black and
white colours on the Waxing Crescent phase.

R: thanks, and then we come to this one (Waxing Crescent in the outer oval), and then again you select
the one that you think youb6d see.

Karabo: this one (selecting a cut-out Waxing Crescent again)

White colour: fraction of the Moon visible from eartH

This time she appeared to have interpreted the white colour as representing part of the Moon
visible from earth.

R: okay now I ém going to ask you why you think so
Karabo: itds not this one

R: are you changing your mind?

Karabo: but there is no shape (inaudible)

R: itds okay i f you want to change you can change but

Karabo: | said this one here (pointing at the Moon in Waning Gibbous position) b e ¢ a ewved yout 6 s
see (pointing at the cut-out Waxing Crescent chosen for the Moon in this position), and on that side

R: alright

Karabo: but here (Waxing Crescentposition) |t hi nk i t pointing dt the cut@out Waximgg ai n  (
Crescent)

White colour: fraction of the Moon visible from eartH

R: that same one again?
Karabo: yes

R: because?

Karabo: because itds curving on that side
R: mmmm

Karabo: it doesndét make any sense
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R: why do you think it doesndt make sense?
Karabo: nothis o ne 6 s seléciing a cotroet Wéning Gibbous)

R: wait, | etdés put them all toget hrearrangrgteout-oatnd you sho
shapes), start here show me which

Karabo: this one (pointing at Waning Gibbous in the outer oval)
R: is which one?

Karabo: would be that one (selecting a cut-out Waxing Crescent)
R: okay

White colour: fraction of the Moon not visiblefrom eartH

Karabo: and that one (Waxing Crescent position) would be that one (selecting a cut-out Waning Gibbous)

dark colour: fraction of the Moon not visiblefrom eartt

R:  why?

Karabo: because if | was here (centre of the Earth), looking there (Waxing Crescent in the outer oval),
and these ar e poitirg at$he patakel arroavg) s | (6 d ae @hite dreacent) right? So
it would be this one (pointing at the cut-out Waxing Crescent)

R: okay, this one (Waxing Crescent in the outer oval) would be?
Karabo: that one (pointing at the cut-out Waxing Crescent)

White colour: fraction of the Moon visiblefrom eartH

R: is it the one you had selected earlier?

Karabo: (laughing) no

R: alright | et ds doWakitg Cresgentiinthe oweoaval) svauid de?t hi s one (
Karabo: this one (selecting Waxing Crescent)

R: okay, because?

Karabo: because | 0lcentrdoktheEarth)randisunlgyht is eomiag from there (pointing at
the parallelarrows) s o | 6 d speiringtatithe twhiteocaescent) (

White colour: fraction of the Moon visiblefrom eartH

R: okay, and this one (Waning Gibbous in the outer oval)
Karabo: this one would be that one (selecting a cut-out Waning Gibbous)
R: because?

Karabo: because ipoidtieg attleercreseent) t hedel { ght is coming from th
this part here (pointing at the gibbous section of the Moon)

White colour: fraction of the Moon visible from eartH

This extract shows that Karabo first interpreted the black colour as representing part of the Moon
visible from earth. However, she changed her mind asnteeview progressed, interpreting the
white colour as representing part of the Moon visible from Earth.

Again, dual coding theory can be used to explain how learners processed diagrammatic information
to interpret colours in the outer oval. It is notathlat the illustrators of the diagram provided no



inscriptions to explain what the black and white colours represented. As a result, it is possible that

|l earnersd verbal systems were not active in the
the learners engaged in representation processing to perceive information illustrated in the outer
oval. Thereafter, the learners engaged in referential processing which enabled them to interpret
what the black and white colours represented (these int&tipres were not always correct, as
discussed above).

Artists of diagrams use white colour to represent part of the Moon visible from earth, and use black
colour to represent part of the Moon not visible from earth. However, literature shows that some
people use black colour to represent part of the Moon visible from earth. For example, Trundle et
al. (2010) asked prservice teachers completing a moon chart to shade shape of the Moon visible
from earth, and leave the unseen part of the Moon as whites, Trundle et al. (2010) advised the
participants to use black and white colours in a way contradicting the meanings used by artists of
textbook diagrams. In another study, two of 50g@erice teachers who completed a moon chart in
Bel | a n d (2008) stndg shadeds visible part of the Moon and left the unseen part of the
Moon as white. Thus, these participants too, used black colour to represent visible part of the
Moon. In yet another study, seven of 24-pegvice teachers who completed a mahart in

Wil hel m et alswitthed tife2 @€h®dd of shadimg] from shading visible part of the
Moon to shading nonisible part of the Moon. Thus, they changed the meaning of shaded and non
shaded parts of the Moon. It appears, therefoad uhcertainty about meanings of black and white
colours, demonstrated by some learners who participated in the current study, mirrors uncertainties
documented in literature.

8.2.3 Summary

Table 8.2 summarizes | earner pliases.nt er pretati on o
Table82Lear ner s' interpretation of the Moonds orbit an

Learner Moon's orbital path Moon phases coloilrzcilr(] ?r?g (‘)’mgfoval

Lisebo a a ar

Lehana as a ar

Makdo r a ar

Motena a a a

Karabo a a ar

Seboka a a a

Fumane a a a

Masilo a a a

‘Mamosa a a a

Selomo a a a
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The table shows that all learners correctly interpreted the outer oval as illustrating phases of the
Moon while only eight correctly interpretéedh e i nner oval as illustrati
The table further indicates that high spathbllity learners correctly interpreted the black and white

colours in the outer oval, while most of the low spadiaility learners had problems of @émpreting

these colours.

Earlier in the interview, the high spatialbility learners had correctly determined the shape of the
Moon visible from earth when the Moon is in selected positions in its orbital path around the Earth
(see for example Table 712.p 205). Itis possible that these learners correctly interpreted the black
and white colours on Diagram 24 because they knew what the Moon would appear to be like in
each position on its orbital path. In the same way, it is possible that the loal-apdity learners

who changed their responses in the course of the interview did not know what the Moon would
appear to be like in each of the eight positions in its orbital path around the Earth.

8.3 Interpreting the Earth and the Moon as spherical objects

Accurate understanding of information illustrated on moon phase diagrams requires viewers to
interpret the Earth and the Moon as spherical objects. However, most diagrams use circles to
represent the Earth and the Moon, providing no depth cuespovieslers perceive the circles as
representing spherical objects (see Diagrams 21a and 24 for example). This part of the interview
investigated whether learners interpreted the earth and the moon shapes as represeanting two
threedimensional objects.

8.3.1 Perceiving beyond the Earth

The spherical shape of the Earth means that not all people can see the Moon at a given point in
time. That is, when people on one side of the Earth see the Moon, people on the opposite side of
the Earth cannot see the MooWhen investigating whether learners interpreted the earth shape as
representing a twor a threedimensional object, each learner was asked to imagine being located
at Point X on the Earth shape in Diagram 24 (see th¥ iadhe diagram below).
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They were asked to imagine looking at the moon shape located in Position 5 in the inner oval, and
to explain whether they could see the Moon and to explain what the Moon would appear to be like
(if the Moon could be visible at all). Learners who interpratexl earth shape as representing a
threedimensional object would realize that the Moon would not be visible to a viewer located at
Point X. That is, these learners would realize that the Earth would obscure these viewers from
seeing the Moon. On the othieand, learners who imagined the earth shape as representing a flat
object would envision seeing the Moon from Point X. The following results were obtained from

|l earnersd responses.

1 Two learners said that they would not see the Moon from this positiimecéarth shape, as
indicated in the following extracts.

R: | want you to imagine yourself, remember in the previous diagram | asked you to imagine being at the
centre (pointing at the centre of the earthshape) . Now i magi ne youd&rcress(srosandi ng he
made atthe9 o06cl ock posi t)i,onanodn yeoaur&trhe slhoaopkei n g Rosition he Mo on

5 in the inner oval)

6Mamosa thatdéds a bit difficuldt

R: please explain to me

6 Ma mo $exause the Earthis knowntoberound,and i f | 6 m pomting i thescross), aha the(

Earth is round, you canét see over the Earth and | ook

learth asthree-dimensiona|

The other response

R: alright, | et 6 s imdgine stamding hereonearth(p owanntti nygouatt @ he ni ne o0 ¢
position), looking at this moon (Position 5 in the inner oval), would you be able to see the Moon, and if
you can, how would it look like?

Makalo: eeeemmmmm
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R: you are standingonthisside(poi nt i ng at the nine o06cl)oem&mbgrthati ti on on
last time | asked you to imagine standing at the centre, now you are on this side

Makalo: | would not be able to see the Moon

R: how did you get that answer?

Makalo: becauseiflstandhere(ni ne od6cl ock pos)ltookbbeyondmyperdar t h shape
R: beyond your point? Please explain that to me.

Makalo: beyond meaning | é&m | ookFulnMponpawhi cpasmytége&aat édn
sensitive

learth asthree-dimensiona|

These responses suggest that the two learners interpreted the earth shape as representing a three
dimensional object beyond which they could not see the Moon.

One learner first said that he would see the Moon, but changed to say toatddh@ot see the
Moon because of sunlight on the surface of the Earth.

R: okay. Now hereds what | want you to imagine doing. |
onearth(9 o 6 c | o c)kYopavesstardingdere, you are looking at this moon (Position 5 in the inner
oval). Do you think you can see the Moon?

Lehana: yes | would see the Moon

learth astwo-dimensiona|

R: when you are standing here?

Lehana: when 1 6m standing in the
R: | et ds matket ke h®r@d | o c khshape} you areostandimgat thehx ethe paant |
made X. you can see that moon?
Lehana: no
R: why?
Lehana: because t her ednsing attha Whiteghalftof the eartte shgpe)
R: therebés sunlight?
Lehana: ja
R: so?
Lehana: the white part Ithink i s t he sunlight; you wonét see the Moon b

learth astwo-dimensionall

In the first part of his response, Lehana said that he would see the Moon, suggesting that he
interpreted the earth shape as representing a flat object beyond whmhicheee the Moon. In

the second part of his response, he said that he could not see the Moon because of sunlight on
the surface of the Earth. He is one of the four learners who, at one point, thought that the black
colour represented part of the Mowaisible from the Earth. It appears that he now thought that
brightness of sunlight would prohibit him from seeing the Moon (represented by black colour).
This means that he interpreted the earth shape as representing a flat object beyond which he
could e the Moon.
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1 Six learners clearly said that they could see the Moon. Five of these learners (Seboka, Lisebo,
Fumane, Masilo and Selomo) said that they would see Full Moon. The following extract gives
an example of their responses.

R: okay, you know now | want you to do a little bit of imagination, | want you to imagine being here, you
seeonthecrosshereonearth(poi nti ng at the cross at the)9 o0odclock p

Selomo: yes

R: and | want you to look at the Moon in Position five (Position 5 in the inner oval)

Selomo: (he drew a circle)

R: that is what we can see?

Selomo: yes

R: so we can see the Moon?

Selomo: ja, the whole moon

learth astwo-dimensionall

The sixth learner (Karabo) appeared to be uncertain about the shahe Moon visible from
earth, but she was certain that she could see the Moon as exemplified in the following extract.
R: alright. You know what | 6m going to ask You to do;

o06cl ock po s irth shape) loaking at thedvioam @ this position (Position 5 in the inner oval).
What do you think youéd see?

Karabo: should | look at those shapes (cut-out moon shapes)
R: oh yes you can

Karabo: I think | 6d seleting therWabirg kibbpus turoutsshapen and tlien the First
Quarter cut-out shape)

learth astwo-dimensiona|

R: okay, |l et 6s put t hem b aredrangimg the lonartshapes agaimiradkder) your choi
you are standinghere (9 o0 6 c | oc k p o)sldoking at the Moon iretldsrpostion (Full Moon
positon) . What do you think youdd see?

Karabo: eelthis @ne ¢selecting a Last Quarter cut-out shape)
R: can you explain this to me? How did you make your choice?

Karabo: okay t he | prabably bnighg(hainting & the linetbétween the Earth and the Moon
shape representing Full Moon) but then looking at it probably from further, and light coming that way
(moving her hand from the Sun)ésyoruadylsl tsoameaot thidsackwhhei t Mo opn 6 s
part

R: okay, so you can actually see the Moon
Karabo: yes

learth astwo-dimensiona|

1 The tenth learner said that the Moon would be bright, which suggest that she interpreted the
Earth as a flat object beyond which she could se#tian.
R: é Letds imagine tha® goéal wekepeosiahnddibokndaethibe (earth sh
moon (Position 5 in the inner oval). What do you think you would see?
Motena: (silent)
R: remember earlier | asked you to imagine standing at the centre
Motena: yes
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standing
standing

R: now youdr e

Motena: now | dm here | ooking at this Moon

R: what would the Moon look like to you?
Motena: it would be bright

learth astwo-dimensiona|

Responses obtained in this section indicate that only two learners (Makalo and 'Mamosa)
interpreted the earth shape as representing a-dimensional object. Interpreting the Earth as a
spherical object would help learners underdteuny the Moon is visible to people on one side of

the Earth at a given point in time.

8.3.2 Perceiving beyond the Moon

This section investigated whether learners interpreted the moon shapes as representiogaa two
threedimensional object. Learners rgeasked to imagine being at Point X on a Waxing Gibbous
moon shape in the inner oval (see theXdd the diagram below).
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They were asked whether they could see the Earth, and to describe the shape of the Earth (if the
Earth could be visible at &Il Learners who interpreted the Moon as a tuiesensional object

would realize that the Moon would obscure viewers from seeing the Earth. The following results
were obtained.

1 Two learners (Lehana and Karabo) said that the illuminated surface of tive Wtald prevent
them from seeing the Earth. The following extract illustrates their responses.
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R: okay, |l m going to ask you t o i mapgintingeatWaengng on t he N
Gibbous moon shape in the orbital path), imagine standinghere(ma ki ng a cross at the 4 o0f¢
position) in that part of the Moon, looking at the Earth

Karabo: okay, standing here

R: yes, at the cross

Karabo: I think you wouldndét see anything
R: please explain to me. What do you mean?

Karabo: likeyou woul dnét s e epoiatingyat Ruli Moan.in the éftgEtal path) | would have seen
that it was light there (pointing at the white half of the Moon) because of light rays, but here (pointing at
the right hand side ofthepage) t her e aghteysé6t any | i

Imoonastwo-dimensionall

R: okay

Karabo: so it would be dark

R: oh, youdd see darkness

Karabo: yes, but t h e rpeirtisg atahe Wwhite halbof thelWaxing Gibbbus eaor in the
orbital path) s o | pr obablsgethroughitto eatth woul dnét

Imoonastwo-dimensiona|

R: pardon, you would see that light but

Karabo: this light over here (pointing at the white half of the moon)

R: mmmm

Karabo: but | wouldndét see through it to earth

Imoonastwo-dimensionall

This response suggests that Karabo thought that she could see the white section of the Moon,
which implies that that she interpreted the moon shape as representing a flat object so that she
could see the white colour on the other side of the black colour.

Seven learners gave responses indicating that they could see the Earth. Two of these learners
(Masilo and Motena) gave responses suggesting that they would see the black side of the earth
shape. The extract from Massil od6s response il
R: okay, and here, you come to the Moon in PRrossatti on 4, vy
the 4 o0b6clock position of )youarel¥dkingiatrithe Ea@h thistimel he moon s hap

Sun is still here (pointing at the arrows repres e nt i ng t h)WHtdo ydsthink goy would see?
Can you see the Earth?

Masilo: I think, becaus epointinga the btack pact aftthe earthaskaped dnd usudally n
the drawing it shows that the black parts are non-visibleldon 6t t hi nk you woul d be abl e

R: oh because of the black part?
Masilo: yes

Imoonastwo-dimensiona|

One learner said that the Earth would appear to be baahaped.

R: alright, |l et6s come to the MoleMoon@w.odlcthagikne oo urn e
the Moon in Waxing Gibbous position) looking at the Earth
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6 Ma mao soathe Moon
R: mmm, youdbre standing at this very position on the cr
6Mamosa |1 6d see a banana otheEarthe Eart h, a smal/l piece of

Imoonastwo-dimensionall

Four learners (Lisebo, Makalo, Selomo and Seboka) made drawings to illustrate the shape of the
Earth which they thought they would see. The following extract is an example of their
responses.

R: okay, | want you to imagine standing hereagain(4 o 6cl ock position on the Moon i
position) . Now youdre standing on the Moon,

Seboka: on the Moon?
R: yes and you are looking at the Earth

Seboka: must | draw what | would see? f\’v’f
w7

R: oh yes

Seboka: (he drew the Earth, shaded a fraction, and labelledthenon-s haded porti)on as f#fAvisibl

Imoonastwo-dimensiona|

1 The remaining learner said that she would see nothing, but changed to say that the Earth is
always visible from space.

R: aright. oAmdy ttlbpemslkbmpoag to i magine, this time, standi
making a cross (making acrossatthe4 o6écl ock position on the Waxing Gibb
orbitalpath) and youdre | ooking at the Earth

Fumane: (silent)

R: what are you thinking?

Fumane: I dondt know what 1 6d&m thinki npgibnec awugs e hled ™M tohdicn k
position onthe moonshape) and | é&m | ooking at the dark side of the

R: mmmmhhh

Fumane: then 1 6m thinkineg itthabtutl Bnsorntéht ibse aalbwaey st ovissei bl e
would always be visible

R: okay.

Fumane: I think Id6d stildl see the Earth as light, but no
Earth like fully, but not as bright as | would when the Sun was shining.

Imoonastwo-dimensiona|

It appears that she had a scientifically unacceptable idea of thinking that the Earth is always visible
from space. This seems to have interfered with her interpretation of the diagram, making her say
that she would see the Earth. This response supports results of Khanyane (2002) who found that
incorrect use of prior knowledge results in misinterpretation of diagrams.

The responses given in the above extracts indicate that all learners thought thaiultegee the

Earth from the 4 06clock position of the Moon |
learners interpreted the moon shape as representing a flat object beyond which they could see the
Earth.
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Interpreting the Moon shapes asnegenting a spherical object is the only condition under which
viewers on earth would see the Moon as (i) circular when the entire illuminated surface faces the
Earth, (ii) crescershaped when less than half of this surface faces the Earth, and (ibugibb
shaped when more than half of this surface is visible from the Earth. The fact that learners
interpreted the moon shape as representing a flat rather than a spherical object might explain why
they struggled to determine the phase of the Moon visibla fearth (discussed in Section 7.6).

That is, it is possible that the learners interpreted the Moon as a flat object, and as a result, struggled
to determine accurate shapes of the Moon seen from the earth shape, particularly crescent and
gibbous phaseshich require the Moon to be perceived as a spherical object.

Previous research shows that learners have inaccurate conceptions about the shape of the Earth (e.g.
Diakidoy et al., 1997; Klein, 1982; Nobesloore, Martin, Clifford, Butterworth, Panagidia&

Siegal 2003) . However, none of these studies inv
used in diagrams illustrating phases of the Moon. The current study investigated not the conceptual
understanding about the shape of the Earth, bettven learners interpret the Earth (in diagrams) as

a two-or threedimensional object.

8.3.3 Selection of Objects

Learners were shown two objects of the same diameter (a ball and a circular paper), each half
shaded black and white as discussed in Section 8..2 7 7 ) . Learnersd attent
Moon in the inner oval, and they were asked to select a shape which they thought the artists
intended viewers to see when looking at the Moon. Learner who interpreted the moon shapes as
representing a thredimensional object would select the ball. On the contrary, learners who
interpreted the moon shapes as representing a flat object would select the circular paper. The

following results were obtained.

1 Four learners selected the ball as representing thenModrhree of these learners (Motena,
Fumane and 'Mamosa) said that the Moon is round like a ball. The following extract gives an
example of their responses.

R: HereistheMoon (Wa xi ng Gi bbous i )Whchda thddeosbapes éthe ball &nd the
circular paper) do you think the artist has drawn?
Motena: which one?

R: here(poi nting at Waxi ng Gi bb o)uhatidomyou think theVadist waihtedusto b i t a | pa
see, this (the circular paper) or that (the ball)?

Motena: this (touching the ball)
R: why do you select that?

Motena: because my mind tells me that the Earth is, t he
to get confused by showing us something like that (pointing at the circular paper)

Imoonasthree-dimensiona

The other learner could not explain his reasons for selecting the ball.
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R: alright this is what | want you to do. | want you to look at this shape (New Moon i n the Moonds o
path), and tell me what you think the artist has drawn between these two (the half-shaded sphere and
the half-shaded circular paper), choose one of them.

Makalo: (silent)
R: tell me what you are thinking

Makalo: Il 6m just thinking of which one could it be
R: alright
Makalo: because | do widatdo they améah. yWhat do goet meah?a n d

R: you see this shape (pointing at the Moon in the inner oval), you have one half not shaded, another
shaded.

Makalo: yes

R: the artist wants to, has dr awn s o mikettHatiomedcircnlarr e , so |
paper) with half not shaded and the other half shaded, or if it is a ball like that
Makalo: It hi ngdointingabtsebdlbhi s one (

Imoonasthree-dimensionall

R: what makes you think that?
Makalo: because there is no such thing
R: pardon, there is no?

Makalo: there is no, if | call it a planet there is nothing that, that (pointing at the circular paper), you know,
I candt explain it

These results indicate that the four learners interpreted the moon shapgwesenting a

spherical object. However, all the four learners had indicated earlier in the interview that they
could see the Earth from the 4 o06clock positi
gives contradiction on the responses given kyldarners.

The responses given by the four learners support the findings of Vosniadou and her colleagues
who argue thaexposing learners to spherical objects during questioning helps learners to
imagine a spherical Earth, which would have not necegdaa#én the case if the model was not
presentedVosniadou et al., 2004, 2005) earners who participated in research conducted by
Vosniadou and her colleagugave more scientifically acceptable responses when asked-forced
choice questions (which includedresentation of models) than when asked egraged
guestions. Vosniadou and her colleagues interpreted this result as indicating that the learners
gave scientifically acceptable responses because of the type of questioning, not necessarily
because theydd scientifically acceptable responses.

Six learners selected a circular paper as representing the Moon. Five of these learners said that
the paper looked like the moon shapes in the diagram. It appears that these learners interpreted
the moon shapeas representing a two dimensional object. The following extract illustrates an
example of their responses.

R: alright. Now | want you to look at one of these shapes (moon shapes in the inner oval), just any one of
them, you can take this one (Position 5). What do you think the artist wanted to show, which object, |
have two examples of objects here; you see this one (circular paper) and this one (ball), which of these
two do you think the artist wanted to draw here?



Lisebo: this one (circular paper)
R: why do you think so?

Lisebo: because it 6s poihtiagastremeon shape)t hiatt 6 s nehgdded i n one sid
R: and that (the ball) is not shaded on one side?
Lisebo: it is, but -Ddhape (pomtingna theeballpthan atwd-Ih (ponting at the Moon in

the diagram) because you can see a flat part (pointing at the diagram) but that dés the whole r
(the ball)

R: this (Moon on the diagram) is two-D
Lisebo: yes
R: so you are choosing another two-D
Lisebo: yes

Imoonastwo-dimensionall

The remaining learner gave a response suggesting that the terminator line would be curved if the
half-shaded circle represented a sphere.

R: Here are our two shapes (the ball and the circular paper), and | want you to look at this moon (Full
Moon in the orbital path) or any of these moons in the inner circle. Which of these do you think the artist
intended to draw, this (circular paper) or that (ball)? What does each of these (pointing at the moon
shapes in the inner oval), what do you think the artist wanted to show us here? This kind of shape
(circular paper), or that kind of shape (sphere)?

Selomo: that kind of shape (pointing at the circular paper)

moonastwo-dimensiona|

R: what gives you the clue from the diagram?

Selomo: because ités compl ete cir cl mgvinghtsbandajongshe a straig
terminator line)

R: what do you mean straight line?
Selomo: it 6s c o nppihtiegtaethe yerminator lne)goh t  (

R: okay, what would happen if it were this one (the sphere)?
Selomo: (he drew a circle with a curved terminator line)
R: is that not straight

Selomo: no

R: itds kind of
Selomo: itds |like slanted or curved
R: and becausepbtf @si ngt atdrawiag, thh diagranfiedicaies to you that it is

this one (pointing at the circular paper)
Selomo: yes

Imoonastwo-dimensional

It appears as though he selected the paper because the diagram lacked visual cues to make the
Moon to appear to be sphaaic
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8.3.4 Summary

Table 8.3 summarizes results indicating the extent to which the learners interpreted the earth and the

moon shapes as representing thataeensional objects.

Table 8.3 Summary of learners' perception of the earth and the moon shapes on Diagram 24

Perceiving beyond Earth

Perceiving beyond Moon

Object representing Moon

Learners
Yes No Yes No Paper Ball

Lisebo a a a

Lehana a a a

Motena a a a

Makalo a a a

Karabo a a a
|

Seloka a a a

Fumane a a a

Masilo a a a

‘Mamosa a a a

Selomo a a a
The following trends are observable from the table.
T Six learners indicated that they could see

Gibbous moon shape, afidur t her i ndicated that they <coul

position of the earth shape.
These responses suggest that the six learners interpreted the earth and the moon shapes as
representing tweadimensional objects.

Two

earners

In addition, these learners selected paper to represent the Moon.

(Mot ena

and

Fumane)

i ndi

cated

position of the Moon in Waxing Gibbous position, and further indicated that they could see the
0 0 elearth $hape. oTkeise résponsescsiiggest that they interpreted
both the earth shape and the moon shapes as representidgnsvsional objects. However,

these two learners selected a ball as representing the Moon, suggesting that they interpreted the
object.
of the diagram, similar to inconsistencies reported by Vosniadou et al. (2004, 2005).

Mo o n

Moon as a threal i

from 9

mens.i

onal

Thi s

resul

t

t h
d

t

shows

The remaining two learners (Makalo and ‘Mamosa) indicated that they cuiiddenthe Moon from
However

9 o6cl
ob6cl

Over al

oc k
ock

: t her e
threedimensional nature of the Earth and the Moon in Diagram 24. Thatgts,spiatialability

position
position

of

of

t he

t he
that they interpreted the earth shapeegsesenting a thregimensional object but interpreted the
moon shapes as representing a-tiraensional object. Despite this interpretation, these learners
selected a ball to represent the Moon. These responses show inconsistency in their regponses, a
similar to inconsistencies reported by Vosniadou et al. (2004, 2005).

appear
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learners were not necessarily better than low spalbidity learners at interpreting the Earth and the
Moon as spherical objects (i.e. in assigning thdimeensional interpretations to twbmensional
drawings).

8.4 Interpreting shapeoft he Moondés orbital pat h
|l used Diagrams 24 and 19 to investigate | earne
Moonds orDbDi agtama2#. (Figure 8.1, p 209) illustr

shape while Diagram 19 (Figa8.2, p 234) illustrates this orbital path as circular in shape. No
explanations have been given to explain the reas
diagram. Two possible explanations can be attributed to the difference in thestfapes he Mo on 6
orbital path. First, artists of Diagram 24 mig
shape, while artists of Diagram 19 might have
shape. Secondly, artists of both diaggam mi g h t have conceived of t he
circular in shape, but used circular and oval shapes as depth cues indicating perspective. The artists

of Diagram 24 might have drawn the EaMlmon-Sun system as seen at some angle from above the
Eathand t he Moon so that the Moonbds orbit appear
artists of Diagram 19 might have drawn the Edufion-Sun system as seen from above the Earth

and the Moon so that t he Mo on 6shape rThis woald bepat h
scientifically incorrect because the trace of Africa is shown on the earth shape, suggesting that the
Earth has been drawn as seen from the side not from one of the poles. The following sections

di scuss | ear n e hesedrbitalpattes inpiageama iQiama 84. o f  t

8.4.1 Radiating Lines

The purpose of this section of the interview
between the Earth and each of the eight moon shapes in the inner oval in Diagram 24. Amntsts of t
diagram provided no information explaining the purpose of these lines. Two possible
interpretations can be attributed to these 1|ine
the Moonébés orbital pat h. Lesar aieg ¢ e swhion gi nttheatpr
orbital path is oval in shape are likely interpret the lines as indicating the distance of the Moon from

the Earth. These learners might interpret the Moon as being closest to the Earth during First and

Last Quarter phasesn@ being furthest from the Earth during Full Moon and New Moon phases.

On the contrary, learners who interpret the oval shape as indicating perspective are likely to relate
length difference of the radiating lines to position of diagram viewers relatitteetEarth and the

Mo on . The following discussion presents | earne

Meaning of the lines

Each learner was asked to describe what they thought the radiating lines represented.

23C



1 Six said that the lines help viewers twk at specific positions of the Moon using the earth
shape as a reference point. The following extracts illustrate these responses.

R: now, we have these lines (radiating lines). See them?
Lisebo: yes
R: what do you think they mean? What do you think the artist is trying to tell us?

Lisebo: theyobére indicating, okay, oncpeintinglatdirsMuarterinr eac hes |
the inner oval) it will take that form (First Quarter in the outer oval)

Radiatinglines: visual aidsfor looking at moonfrom eartq

Another example
R: okay, what do you think are these lines (radiating lines) ? We 6ve tal ked about the Eart
about the moons. What do you think are these lines?
6Mamosa | think it o6s shostpawse causedbl noiaefrom dusideMo on (
R: sorry you were saying?

6 Ma ma sthese lines are when you look, | think these lines are, If they were labelled they would be
labelled as our view point or something, something about looking at the Moon.

R: what do you mean?

6Mamosaitds as we |l ook at the Moon, i f ypantingate on earth
Waning Crescent in the inner oval), follow this line (pointing at the line between the earth shape and the
Waning Crescent moon shape).

IRadiatinglines: visual aidsfor looking at moonfrom earth

# Three learners (Lehana, Makalo and Masilo) associated the lines with compass directions. The
following extract gives an example of these responses.
R: alright, we are generally done with this diagram. You see, because | wanted to know what the entire

diagram shows, we have these lines here (referring to lines between the earth and the moon shapes in
the inner oval), you see them

Lehana: mmm

R: what do you think they mean?

Lehana: | downdt kn

R: you donét know?

Lehana: maybe itds the directions of the moon
R: directions of the Moon? Please explain further

Lehana: like, this is when the Moon is north (pointing at the line between the Earth and Last Quarter shape
in the inner oval) and south (pointing at the line between the Earth and the First Quarter shape in the
inneroval) | dondt know.

R: oh this is when the Moon is north and this is when the Moon is south
Lehana: maybe

IRadiatinglines: indicators of compasglirections

4 One learner sdithat the lines indicate dates.

R: € You see t pomtingd radiating lines s her e (
Karabo: mmmmhhh
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R: what do you think they mean? What do you think the artist wanted us to get out of the lines?

Karabo: I think pauseds just to show (

R: to show?

Karabo: I dondt know, o0k @ginting ktithk lenarisliapes in the irmeravaly,te dat es (
show | i ke which date it would be, itdés just a |line poi.

R: line pointing to where?
Karabo: yes

Indicators of datg

None of the learners thought that these lines indicated perspective. It appears as if all the learners
interpreted the lines as cues helping viewers to focus at the Moon in a particular position using the
earth shape as a reference point.

Reason fa length difference between the lines

Learners were asked to explain why the lines were drawn to be different in length, i.e. why the artist
drew some lines to be longer than others. All learners said that the longer lines indicated that the
Moon would ke further from the Earth, while the shorter lines indicated that the Moon would be
closer to the Earth. The following extracts illustrate these responses.

R: okay, why do you think the artist drew this line (between the Earth and First Quarter) as shorter than this
line (between the Earth and Full Moon)?
Seboka: because the Moon doesndt make round circle, it mak

R: oh the Moon makes an oval circle

Seboka: yes
lOval orbit: distancebetweerearth and moon
Another example
R: okay,I16d | i ke you t betweanthk Eaghand Fhst Guarter) amatha(line (between the Earth

and Full Moon) and tell me about them.
Selomo: (not audible)
R: this one is shorter you see?
Selomo: ja
R: that one is longer
Selomo: ja
R: what do you think could be the reason behind?

Selomo: this one is shorter because the Moon would be closer to the Earth and this one is longer because
the Moon would be further from the Earth

R: alright, why do you think so?

Selomo: I 6 m nuse as fanas lknoly the Moon does not move in a complete circle, it& like, spins
like, almost like an oval shape

R: oh the Moon spins like an oval
Selomo: like an oval ja
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lOval orbit: distancebetweerearth and moon

These responses suggest that rafrtbe learners interpreted the length difference between the lines

as indicating that the plane of the Moonbds orb
responses indicate that al/l | ear ner stheiMaonisr pr et e
closest the Earth during first and Last Quarter phases, and furthest from the Earth during New
Moon and Full Moon phases.

The fact that the diagrams had no textual information explaining the purpose of the lines suggests
t hat | e alrsystemssvére nokeactiveain the beginning of information processing. The dual
coding theory proposes that learners engaged in representational processing to perceive information
illustrated on the diagram, and then engaged in referential processingewfiaining what the

lines represented. However, none of the learners interpreted the lines as depth cues indicating
perspective. It is possible that learners could have performed better if textual information was
provided to explain the purpose of theds (interpretation of Diagrams 21a and 21b shows that the
presence of verbal information helps the learners to better interpret diagrams). That is, the
representational processing would have involved both the verbal and the nonverbal systems, which
mighthelp the learners to better understand the purpose of the lines.

8.4.2 Interpretation of circular and oval orbital paths

Table 8.4 illustrates design problems identified on Diagram 19 (Figure 8.2, p 234), and further
shows that the interview was designed tdnimize impact of the design weaknesses on
interpretation of the diagram.

Table 8.4 Impact of design problems on interpretation of Diagram 19

Principle Nature of violation Implication on interpretation

Darkness of the unlit part of the
Moon differs from the darkness
of the night sky.

Harmmony Symbols representingé Moon | None of these violations has to do with the shapg|
in the orbital path are much the Moonds orbital pat
larger than symbols representii woul d have no i mpact o
phases of the Moon theshap@f t he Moondés orbi

The invisible part of the Moon
Non ambiguity| can be seen (as black) on the

diagram.
Scientific The Moon's orbital path is The circular orbital path creates'avenue for th_e
. : researcher to investig
accuracy incorrectly drawn as circular this shape
Audi The Moon's orbit and phases g The order of moon phases could not distract learr
u|enc';e” drawn as seenfromthe Noetim [ f r om i nt erpreting the
compatibility | hemisphere path.
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Sometimes the moon looks like a full circle of light,
sometimes it is like a half circle and at other times it is not
there at all. Why does the moon change shape?

We can see the moon in the sky because it reflects light from
the sun. As the moon orhits the earth, different parts are lit
up by the sun’s light. When the moon is between the Earth
and the sun, the side of the moon that faces the Earth does
not get any sunlight. It is so dark that we cannot see it. We
call this new moon. When the moon is on the other side of
the Earth, it is fully lit and so looks like a round ball of light.
We call this full moon. The amount of the moon that we can
see from Earth slowly decreases between full moon and new
moon and slowly increases between new moon and full
moon. These different shapes of the moon are called the
phases of the moon.

Important
ideas!

The moon travels
around, or orbits, the
Earth once every
29 days and
13 hours, that is,
about once a month

The shape of the
moon that we see
from Earth keeps
changing because, a
the moon orbits the .
Earth, we can only b
see the part of the
moon that is in the
sun’s light.

The drawings on the outside of the
@*—‘-— circle show how the moon looks

O@OQO from Earth in each position.
@ Earth Q

full moon

The sun is shining onto this side
of the moon.

new
moon

V@}\ This side of the moon is dark.

|\
O@O@
@

The shape of the moon that we see from Earth Show that

You can!

Carry out an
investigation,

keeps changing

Activity...

collect information .'
present your
information ang
discuss your
findings.

Keep a moon diary. Choose a way to record how the moon looks
every night for one month. Show and explain your diary to the rest
of your class after the moon has orbited once.

67

Figure 8.2 A page illustrating Diagram 19

234




Learners were shown both Diagrands(Zigure 8.1) and 19 (Figure 8.2) together. They were asked
to explain why they thought the Moonds orbit w;
the other diagram. The following discussion presents their responses.

1 Threeinterpretedthecirul ar shape as representing v-i ew of
eyebs view) and interpreted the oval orbit as
angle from the top. The following extracts illustrate their responses.

R: € Wh thinkdhe artjsbdtew this as a circle and this as an oval?

Lisebo: maybe itds the way t Daeggamd®r @ sl @mo kiimg ety eidts. v aeaw |
going in a circle. Sagheyputhethalfeshaded bah ahitha tghle); iyvalligo thad o k  (
way (she circled herright hand aroundball) . | f youb6re standi ng Ildihgtiehe si de it

ball in space, and moving her hand around the ball)
R: you see we have two diagrams here
Lisebo: vyes
R: so which one do you think is which?

Lisebo: this one (Diagram 19) wi | | be the one shépatitheballanthétmble)asd andi ng (
youor e | ook i rsige maved hierthant in & airculerristeape arpundtheball) , it 8s going i n &
circle, and that one (Diagram 24) will be an oval shape (she lifted the ball in space, but the hand
movement was not visible on the video)

lshapeof mo o roiis perspectivie

The second learner

R: why do you think the artist has drawn that one as circular and this one oval?

Fumane: I think maybe, because, | a, It hi nputtingshgrbe heds d
hand above Diagram 24)

R: sorry

Fumane: maybe hebds | ooking at it pantnmatthddbjsctimafromg ofe , i ke |1

her on the table, indicating viewing the object at some angle from the vertical)
R: sorry which diagram are you talking about?

Fumane: this one (pointing at Diagram 24) . I dm | oo ki tapgf the tylindrital abjedt dnithe g (
table). Whenllookat t hi s it doesnét | ook round it |l ooks oval. S
that would actually look oval, or he just wants it to look that way.

R: and that diagram (Diagram 19)?

Fumane: and this one here | thihdowmlkethisgDidgrand®X) | oo ki mg kit r d d
eye view and this one (Diagram 24) is from the side but at an angle

lshapeof mo o roiis perspectivie

The third learner
R: L Let 6s t paking Diagramtlhnext to Diageam 243 Wou §ee this diagram (Diagram
19) differs from that one (Diagram 24)
Selomo: yes
R: what are the differences?

Selomo: thisone (Diagram19) | ooks |l i ke youdre | ooking from the top
R: this one |l ooks |like youdre | ooking from the top, an
Selomo: i s | i ke youdr e | osmdghismmand td ilustnate laokingalowg &t somé¢ angle,

perhaps 45° from the horizontal)
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lshapeof mo o rois perspectivie

1 Three other learners interpreted the oval and circular orbits as indicating the distdahee of
Moon from the Earth.

R: you said this one (Diagram 24) moves in an oblong way

Makalo: and this one (Diagram 19) moves in a circle

R: why do you think the artist has drawn this in an oblong way, and that one as a circle?
Makalo: | am not too sure about that

R: youdre not too sure about that?
Makalo: |l 6ve not experienced it
R: youbve not experienced it but maybe

Makalo: maybe because, maybe this (Diagram 19) is probably taken from a further point of view, than this
one over here (Diagram 24)

R: alright, | want you to explain to me what you mean by further point of view. What could that mean?

Makalo: meaning that someone could have been here (Earth in Diagram24) é a near range and
(Diagram 19) could have been from long range, that actually from long range looks like a circle and in
near range it looks like that (pointing at Diagram 24)

lshapeof mo o romis distancebetweerearth and moor

The second learner

R: alright, why do you think the artist has drawn this one as an oval and this one as circular, do you think
that has any importance?

Karabo: no | donét

R: okay, it just happens to be?

Karabo: it could be, okay, it could be, using the lines again (radiating lines on Diagram 24), it could be this
one (Diagram 24) from a far view and this one (Diagram 19) from a closer view

lshapeof mo o rois distancebetweerearth and moon

The third learner

R: and why do you think the artist has drawn this (Diagram 19) as circular and that (Diagram 24) as oval?
Masilo: | thin k ilobhgéausey,
R: what are you thinking, tell me

Masilo: | think these are drawn by different people, and maybe with different ideas so I think it will be
drawn differently, may be he (pointing at Diagram 24) had deeper meaning and wanted to express more
understanding to people about the Moon so he has drawn it differently, and he (pointing at Diagram 19)
was just may be talking about the basics

R: could there be deeper a meaning behind the circle, one being circular and another being an oval?
Masilo: yes
R: what could that be?

Masilo: | think this, the oval could be pointing the distance away from the Earth, and the circle would just
show us that it goes around.

lshapeof mo o romits distancebetweerearth and moor
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7 One

R: okay, why do you think the artist has drawn this as a circle and this as an oval?

earner

s saorbdal path ia dval in shape.Mo o n 6

Seboka | think this artist fointing at Diagram 2¥was trying to be more specific

R: mmmm

Seboka and this artistgointing at Dagram 19 was trying to do this thing in general
R: more specific to what?
Seboka to how the Moon rotates around the Earth
R: how does it rotate around the Earth?

Seboka in an ovalike manner, because depending on whether the Moon is clofeethmar to Earth we get a high
tide or a low tide

lshapeof mo o romis distancebetweerearth and moor

+ Three learners (Lehana, Motena and 'Mamosa) said that they did not know why the orbital path
was drawn as circular in one diagram and as oval irhandiagram.

The results indicate that only three learners interpreted circular and oval orbital paths as indicating

t he

pl ane of

8.4.3 Summary

Tabl e

5 summari

Table85L ear ner s

t he

Moonos

Zes

or bi

t al

earner so

i nterpretation of

t he

pat h.

nterpretatdi

shape of

Learners

Interpretation of radiating lines

Interpretation of circular and oval orbital paths

Perspective Other Perspective Other

Lisebo a a

Lehana a a
Motena a a
Makalo a a
Karabo a a

e ————

Seboka a a
Fumane a a

Masilo a a
‘Mamosa a a
Selomo a a

t he

on

o
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The following results are observable from the table.

1 None of the learners interpretedira at i ng | i nes as indicating per ¢
orbit has been drawn. This suggests that all learners failed to interpret this convention, a
situation different from that seen in Chapter 7 where learners were able to interpret three
conventons used in Diagrams 21a and 21b. It has to be noted, however, that Diagrams 21a and
21b provided hints that helped the learners to interpret conventions, while Diagram 24 provided
no hints to help learners to interpret the radiating lines. It is pesHiat learners failed to
interpret this convention because there is no information helping them to interpret this
convention.

1 Only three learners interpreted the oval and circular orbital paths as indicating perspective from
whi ch t he Mobeemdrawn.olt dppears thmaBosly these learners have been able to
interpret the depth cue. These results support observation made by Seddon and his associates,
who found that some high school students have problem of interpreting depth cues (e.g.
Nicholson & Seddon, 1977; Seddon et al., 1984). For example, the majority of high school
students who participated in their research struggled to interpret depth cues needed to
understand thredimensional nature of molecular structures.

1 Both low and high spaal-ability learners had problems of interpreting this convention. Thus,

there appears to be no |ink between | earners
convention. This result corroborates findings discussed in Section 7.7 (p 206, avile
weak | inks were observed between spati al abi |

used in Diagrams 21a and 21b.

8.5 Summary: Interpretation of the three conventions

Table 8.6 summari zes | ear ner s dinthis thapteprhegablat i on o
shows some | ink between spatial ability and | e
shapes in the outer oval in Diagram 24. That is, high sstilly learners correctly interpreted

these colours while the ajority of low spatialability learners encountered problems with these

colours. As discussed in Section 8.2.3 (page 219), it is possible that the highadplitydiearners

were able to interpret these colours because earlier in the interview, theprectly determined

the shape of the Moon visible from earth when the Moon is in selected positions in its orbital path
around the Earth.

The table shows no | inks between spati al abil
conventions. Thatsi both low and high spatiability learners encountered problems of
interpreting the earth and moon shapes as representing spherical objects. Furthermore, seven

|l earners failed to interpret the shafprawhch t he N
the Moonds orbit has been drawn, while the rema
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Table86Summar y

of

|l earner so

nterpretation

of

three

Earth and Moon as 3dimensional

I nterpreting

shape

. COL?# s Perceiving | Perceiving Object. Interpretation of Iqterpretation of

earner Moon beyond beyond representing radiating lines cwculgr and oval
phases Earth Moon Moon orbital paths
Yes | No | Yes | No | Paper | Ball ||| Perspective | Other | Perspective | other

Lisebo ar a a a

Lehana ar a a a a

Makalo ar a a a

Motena a a a a a

Karabo ar a a a a a

Seboka a a a a a

Fumare a a a a a

Masilo a a a a

‘Mamosa a a a a a

Selomo a a a a a a

The | ast two conventions investigated |

representing spherical objects, and theaspe of t he Moonds orbit as

which the orbit is seen.

ability

to

det er mi

ne

c

(0]

earners

One would expect to find links between spatial ability and learners
interpretation of these conventions (more so because clearer links were found between spatial

ability andl ear ner s o shape

configurations of theomponents of thearthMoon-Sunsystem. However, all learners generally

struggled to interpret these two conventions.

problem.

There are some possible exptarfiatidhis

First, artists of the diagrams used tdimensional shapes to represent the Earth and the Moon, but

used no depth cues to help viewers interpret the shapes as representing spherical objects.

possible that the learners misinteri@d this convention because of problems in design of the

diagrams. The fact that one learner (Selomo) said that the terminator line would have to be slanted

if the shapes were illustrating spherical objects helps to justify that flaws in design ofhdiagra
might have resulted in interpretation problems.

Secondly, artists of the two diagrams provided no inscriptions to explain reasons for the shape of
possi bl e
indicating e actual shape of the orbit, or perspective from which the orbit has been drawn. The

learners tended to interpret the shapes as indicating the shape of the orbit rather than perspective
The fact that no inscriptieere provided to give the

t he

from which the orbit has been drawn.

Moonos

orbit

Two

It is

of

interpretatio

necessary explanation suggests that learners might have misinterpreted the convention because of
diagram design flaws.
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8.6 Evidence for poor background knowledge

A recent study shows that b a ¢ krgretatiom rofddiagtams wl e d g
(Schénborn & Anderson, 2009). The purpose of conducting interviews in my study was to
investigate |l earners6 interpretation of diagrai
| earnersd backgr oun de Moono Mowever ghe folowingpshuassredasing mf  t
poor background knowledge emerged during the interviews.

8.6.1 The cause of moon phases

In the course of interviews, four learners used statements suggesting that the shadow of the Earth
causes phases of tiidoon. Three of these learners gave these responses when interpreting
Diagram 21b, as illustrated in the following extracts.

R: okay, why do you think the artist has drawn these shapes to be different?

Seboka: because the Moorealdhe¢dmend6t stay one shap
R: it doesnét stay one shape all the time, it?
Seboka: (inaudible)

R: please explain that to me

Seboka: because at different times

R: mmm

Seboka: the Earth might be in the way of, might be between the Sun and the Moon

R:  mmmmhhhh

Seboka: so then the shadow of the world will be on the Moon, which will make the shape change because
the dark part we candét see

The second learner

R: okay, l etos take it one step further . pdgd26 thisési ng t o sl
page 27; both are from the same book. So you see that pa
atthisdiagram (21b) , and t el | me what you think itdéds telling us.

Fumane: the different moons we get, like you get Full Moon, half moon, like all the different types of moons.
R: explain further

Fumane: (silent)

R: what do you mean types of moon? What are the types of moon?

Fumane: it ds t hes @ointing at the namds)e Munt hsanettee ngmes?

R: you could say some of them maybe.

Fumane: okay, the Full Moon itdébs the Moon where it doesnoi
of it to make it for example the Last Quarter.

R: okay

Fumane: itds one Moon but i tldverthat make idaidiffereatikiedroftshaddsand o ws t hat
then ités a different name.

The third learner
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R: alright. Now here is another diagram (Diagram 21b) you see these two are from the same book, actually

this is Page 26 that is Page 27 so have a look at this (Diagram21b) and t el | me what you thi.i
Selomo: itds telling us about different quarters of the Mc
Full Moon

R: if you can try to speak louder

Selomo: okay it shows, okay it shows the, the, the different way the Moon, the Sun catches the Moon's light,
and it shows the way the Moon looks when the Sun is in different places and the Moon is in different places

R: the way the Moon looks?

Selomo: in different places around

R: around?

Selomo: around the Earth

R: can you tell me, why are they different in shape?

Selomo: because the Sun, sometimes the Earth blocks part of the Moon.
R: mmmmhhhh

Selomo: so the Sun only catches a [fdrentthéreso forithe Fud Moo, he Mo on s
the Moon is out in the open there is nothing blocking it

The fourth learners gave this response when interpreting Diagram 24.
Lisebo: say like here (Waxing Crescent in the inner oval) this is the position and there (Waxing Crescent in
the outer oval) they show you the shape when the Moon is in that position

R: okay. Let6s take t hi pointingat WaxioghGresdert)zot letdy start with this i ndi cat ed
one (Waning Gibbous in the outer oval). You said which one would be the position?

Lisebo: this here (pointing at Waning Gibbous in the inner oval)
R: and this one (Waning Gibbous in the outer oval) shows?
Lisebo: shape

R: please draw the shape that you would see

Lisebo: (she drew a crescent-shaped moon)

R: and tell me what is giving you a clue about that

Lisebo: the way it stands, and the Sun or maybe the shadow of the Earth would be cutting off that part of the
Moon (pointing at the white section of the Moon) and you will only be able to see that part (pointing at the
black section of the Moon)

R: okay letds start. You say the
Lisebo: maybe the shadow, when ités night time, whitte shadow
sectionoftheMoon) and youdl |l s e at (pointihgyat the black spatien oftthe Moop)

These responses support results obtained in Question 5 of the diagnostic test, which showed that the
maj ority of | earners associated the Earthoés sh
response pports the argument of Engestrom (1991) who proposed that exaggeration of relative

sizes and distances between the Earth, the Sun and the Moon might enhance a common

mi sconception in which people consider the Eart

8.6.2 Time lapse between phases of the Moon

Two learners appeared to have wrong ideas about the time lapse between phases of the Moon. For
the first learner, this idea came during interpretation of Diagram 21a (Figure 7.1, p 157).
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R: okay, and these circles, what are they (pointing at the moon shapes in this diagram)?
Selomo: theydre supposed to be the Moon
R: the Moon?

Selomo: ja

R: alright, why has the artist drawn, you see there are about eight here, why do you think the artist has drawn
eight of those shapes?

Selomo: to show the different places, the way the Sun can catch the Moon in different places, different times
maybe.

R: please explain further

Selomo: like say for instance like here (pointing at Last Quarter) it 6s | i ke o e hpiatlhgal oc k, one
Waning Crescent), maybe the next day (pointing at New Moon) , maybe the nextpoidirgy at ten
at Waxing Crescent) may b e Pdnting at&itstaQaidtter)(

R: is it the same moon?
Selomo: eeerrr, ja

For the secathlearner, this idea came during interpretation of Diagram 21b (Figure 7.2, p 174).

R: okay, now | want us to take it one step further. Look at this diagram (Diagram 21b), this is what happens,
these two diagrams actually are from the same book. You see this is Page 26 and this is Page 27 of one

book, so that diagram (Diagram 21b) follows this diagram (Diagram2la) exactly, so 1 6d | i ke vy
this diagram (Diagram 21b) and tell me what you think is happening here.
Lehana: i sndét t hiinges (pomeéng at differfere lunarrplases), how the Moon becomes during the
day
R: what do you mean?
Lehana: I think maybe I|like now ités early, itdéds Full Moon no
R: so you say it is early in the day now
Lehana: ja
R: it could be

Lehana: New Moon

R: it could be New Moon

Lehana: ja

R: and then

Lehana: then during the day the types of moon change

These two responses are consistent with results obtained in Question 1 of the diagnostic test which
indicated that learners who participated in this study did not know the duration of a complete cycle
of phases of the Moon (see details in Section 4.4.1, pRO88 In addition, these two responses
support results obtained in Question 3 of the diagnostiomeisth show that the learners did not

know time lapse between phases of the Moon.

8.6.3 Usage of non-scientific language

1 Five learners used inaccurate phrases when describing phases of the Moon. Three learners
referred to phases o0od. t heh eMofoml laswion g pexst rod ¢ ths
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R: alright, |l et6s take it one step f ur 2lib)eWhathdpgeds, | i ke y ol
check, this is Page 26, that is Page 27 the two are from the same book. Please look at this (Diagram
21b) and tell me what you think ités telling us

Makalo: different types of moons

, what t

The second learner

R: okay. Here is another page. In fact, if you look at this, this is page 26 that is page 27, so the two are
actually from the same book, that page follows this on
tell me what you think is going on here.

Lisebo: these are the different types of moons

The third learner

R: okay, nleetsGs pt dkueg tihtera | m going to show you the se
this is Page 27; both are from the same book. So you s
you to look at this diagram (21b) , and t el | me wigas you think itoés tell

Fumane: the different moons we get, like you get Full Moon, half moon, like all the different types of
moons.

Two | earners referred to the phases of the Mc
following extracts

R: alright. Now here is another diagram (Diagram 21b) you see these two are from the same book,
actually this is Page 26 that is Page 27 so have a look at this (Diagram 21b) and tell me what you think

itds telling us.
Selomo: itdéds telling ushabMaondi Whemenhe gbamtehisnefwheth
or Full Moon

The second learner

R: okay, this is one page from a science textbook (Diagram 21a). Here we have another page from the
same book, this is Page 26, that is the very following page, 27, so | want you to look at this diagram
(21b), and tell us what you think the diagram is telling us.

Seboka: by looking at it | think it tells us the quarters of the Moon

These results suggest that the learners did not read two captions available o ;thieepiagt
AThe phases of the Moono written in bold on t
of the Moonodo written below the diagram.

Three learners used inaccurate terms when describing individual phases of the Moon. Two of
these learnerssued t he term dédquarter moond for crescen

R: okay, this is what | want you to do, as the second thing, | want you to look at this diagram, take your
time, look at it, and tell me exactly what you think the artist is trying to show us, what the diagram is
telling us.

Masilo: okay
R: everything that you think the diagram is telling us

Masilo: okay, | think the artist was trying to point out the Moon and how visible the Moon would be in each
picture because her e pioti nstaynsg iattd st hag ,N edvb eMvoioinkKe(w t iso md
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the Moon (pointing at Waxing Crescent), half (pointing at First Quarter) quarter (pointing at Waxing
Gibbous) and we have Full Moon (pointing at Full Moon)

Another learner

R: okay, here is another issue; you see we have dots inside there (dots inside the moons in Diagram
21a)

Lisebo: yes

R: what do you think they are telling us? Whatos the ¢
Lisebo: maybe itds f or pomtingattheeWaxiny &ibkious)t h amaywb ¢ i igthds (t he ar
going

The extract from Masil obs response suggests t

This in turn suggests that he did not read names of moon phases written below each phase. Itis
possible that he thought thattbrescent showed quarter of the Moon. However it is difficult to
understand why he used d6équarterd to describe

The third learner referred to Waning Crescent as one third of the Moon, as indicated in the
following extract.

R:alright,] et 6 s | ook aiftagram2é)sHave & ladk at thendiagram and tell me what you think
itds showing.

Makalo: it shows the phases of the Moon
R: where are they? What gives you that clue?

Makalo: because of, we do get quarter moon, Full Moon,ands o0 o n, Sso whenéeMNaeing it ods |
Gibbousintheouteroval) it 6s one phase of t heasMuarterinahedutet hi s i s
oval), this (Waning Crescent in the outer oval) is maybe one third of the Moon

Referring to the Waning @scent phase as one third of the Moon suggests that he did not read
the | abel 6crescentd written bel ow the Moon.
considered the <crescent as one third of t he
6 g wea rot.

Six |l earners (Lehana, Masil o, Makal o, Li sebo,
0rotationd to descri be (ThedolloMogowo' estracts illlisiratei ng o f
these responses. The fiterwdtation af DinggamPRlai s t ak en

R: alright, | want you to look carefully at the diagram, and tell me exactly, the message that the diagram
is conveying to us. What is it saying, what does the artist want us to understand from this diagram?
Study it carefully and then tell me.

Lisebo: (silence)
R: what are you thinking?

Lisebo: itds telling us amowitng hteem ot @an d oal )@hdwitt thiee Md@ o n §
moves around the Earth, and how it gets Full Moon, half a moon, quarter moon and all that.

The second is taken from Karabobs interpretat
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R: okay. He r e 6 Biageam 24). Have a lodk agatigerdiagnram @nd tell me what you think the
diagram is showing.

Karabo: | think again this is the Earth (at the centre) and this is the circle of the Moon (pointing at the
inner oval)

R: that és al |l ?

Karabo: [not audible]

R: can you tell me everything that you think is here,
Karabo: okay, these pictures (pointing at the outer oval) tell me something different
R: from?

Karabo: from these (pointing at the inner oval)
R: alright, what does each of those tell you? Start with any of the two

Karabo: okay, obviously these ones (outeroval) it 6 s Ipantinf atbest®@uartgf) , crescent €é an
crescent again, half moon, you know, ités Full Mo o n

R: alright, and this one? (referring to the inner oval)
Karabo: these ones?

R: mmm

Karabo: just rotation

R: of

Karabo: the Moon

These results are consistent with previous s ear ch whi ch shows that peo
and 6revolvebdé interchangeably (e.g. Parker & He
Lelliott and Rollnick (2010) observed while reviewing astronomy education research, that even
resarchers sometimes use these terms interchangeably.

The results obtained in this study are consistent with findings reported in literature, which show that
poor background knowledge interferes with interpretation of diagrams. For example, Colin et al.
(2002) showed high school students a diagram illustrating an object, a converging lens, and an
image of the object formed on a screen, and asked the students to explain what would happen to the
image if the screen was moved away from an object. The majdritjudents said that the image

would move with the screen, but would be blurred and bigger. This response indicates that the
learners had poor background knowledge on the topic (in fact, the image appears to be large and
blurred because of being in frioof the screen).

In another study (Khanyane, 2002), ten learners were asked to interpret a ball and stick model of
atoms making an ozone mol ecul e. Two of +these
molecules while another learners saidt ttee balls represented ozone molecule (the balls actually
represented oxygen atoms).

8.7 Answers to Research questions 4 and 5

This section provides answers to Research questions 4 and 5.

24¢



8.7.1 Research question 4

The fourth research question has been pdradellows:

What interpretations do learners assign to components of diagrams illustrating phases of the

Mo on, and what does this imply about | earnersbd
diagrams?
This study i nvest iiapafthe fdllowing sixcangent®rs: | nt er pr et at

1. The same symbol appears more than once, representing different entities. That is,-(a) half
shaded circles represent the Earth and the Moon, and (b) arrows represent the directions of the
Moon's orbitysand the Sunbds r a

The discussion in Section 7.5.1 (p 181) shows that eight learners correctly interpreted the Earth
and the Moon in Diagram 21a. This suggests that the eight learners correctly interpreted this
convention when used to illustrate the Earth and the Moon.

The discussion further shows that nine learners correctly interpreted parallel arrows as
representing the Sunbés rays, and interpreted
direction of the Moonb6s or biwere able Tohntesretshisg g e st
convention when used to represent the Sunés

2. The same symbol appears more than once, representing the same entity as it changes position
(i.e. eight circles represent one not many moons)

The digussion in Section 7.5.2 (p 182) shows that nine learners correctly interpreted the

C

Moonds orbital path in Diagram 21a. This sug

this convention.

3. Different symbol represent the same entity as it chasigage, i.e. phases of the Moon indicate
one object (the Moon) changing shape.

The discussion in Section 7.5.3 (p 183) shows

Diagram 21b as phases of the Moon. This suggests that all the learners wedoeiatgrpret
this convention.

4. Black and white colours indicate parts of the Moon visible and not visible from Earth.

The discussion in Section 8.2 shows that six learners correctly interpreted the white colour as
representing part of the Moon visibi®f Earth and the black colour as representing part of the
Moon not visible from Earth (see Table 8.2, p 218). The discussion further shows that the
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remaining four learners appeared to be uncertain as to what these colours represented. This
suggests thainly six learners correctly interpreted this convention.

5. Circles (without depth cues) represent spherical objects.

The discussion in Section 8.3 shows that learners tended to interpret the Earth and the Moon as
two-dimensional objects (see Table 8.239). This suggests that in general, learners failed to
interpret this convention.

6. Shape of the Moondés orbit indicates perspecti

The discussion in Section 8.4 shows that three learners partly interpreted shapeesof Mo o n 6 s
orbital path as indicating perspective from which the Moon has been drawn (see Table 8.5, p
237).

In general, the discussion shows that learners were able to interpret the first three conventions
which required usage of information (e.gntis) available on the diagram. The discussion further
shows that learners generally failed to interpret the last two conventions which required usage of
information (e.g. depth cues) which were not provided in the diagram.

8.7.2 Research question 5

The lastresearch question has been phrased as follows:

What |links (if any) exist between | earnersdé spa
illustrating phases of the Moon?

Accurate interpretation of diagrams illustrating phases of the Moon requ@eers to accurately

i nterpret conventions. We a k l i nks wer e obse
interpretation of Conventions 1, 2, 3, 5, and 6. However, there appeared to be a stronger link
bet ween spatial a b iation df the fecondentibre(see forexample Table B.2r pr e t
p 218). That is, high spatiability learners correctly interpreted the black and white colours on the

phases of the Moon, while most of the low spadiaility learners appeared to be uncertairtcas

what these colours represented.

As discussed in Section 8.2.3, it is possible that the high spéildy learners correctly interpreted

these colours because they had, earlier in the interview, correctly determined the shape of the Moon
seen fromEarth when the Moon is in selected positions in its orbital path around the Earth. Thus,

the task of determining Moon phases for a given Esltlon-Sun alignment might have interfered

with investigation of | ear neresuld it beoomesrdifficueto at i on
ascertain whether spatial ability (without interference of this activity) would have links with



| earnersd interpretation of these colours. I n
abi |l ity a tegrethtiensof coneent®ris, ekcept for tHeobnvention.

In addition to conventions, accurate interpretation of diagrams illustrating phases of the Moon
requires learners to understand why the Moon appears to take a particular shape for a given Earth
MoonSun alignment. The discussion in Section 7
shape of the Moon visible from Earth for a given Edviion-Sun alignment. This task required

learners to mentally manipulate celestial objects in space (eimagine viewing objects from

different perspectives). The discussion in Sections 7.6 shows links between spatial ability and

|l earnersd ability to determine the s-MampSun of t he
alignment. That is, high spatability learners were better able to perform this task than low
spatialability learners.

The following answer can be provided to the research question: Results obtained in this study show
weak |l inks between spati al of aobvertions ysedanndihgrame ar ner
illustrating phases of the Moon. However, stronger links were observed between spatial ability and

| earner s8 ma rampandnis ofith&arthMobn-Sanisystemin space. That is, high
spatiatability learners wer better able to mentally manipulate the Edfiton-Sunsystemin space

than low spatiahbility learners.

8.8 Summary

This study investigated | earnersd interpretati
phases of the Moon, and further invgstit ed | earnersdé ability-to mer
Moon-Sun systemi n space. Chapter 7 presented Il ear ne
conventions, and further presented learners ability to mentally manipulate theMsarttsun

systemin spae . This chapter has presented | earnersb6

addition, the chapter presented answers to the last two research questions. The next chapter
summarizes findings of the study and provides answers to the resaastiogs. Furthermore, the
chapter discusses implication of the results on teaching andngaabout phases of the Moon,
suggesting ideas for further research concerning phases of the Moon.
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Chapter 9 Summary and i mplications

9.1 Introduction

This study was mtivated by the fact that many learners struggle to understand astronomy concepts
associated with phases of the Moon, and as a result develop conceptual difficulties about these
concepts. Several researchers propose that understanding these conceps peguile to
mentally manipulate elements of the Eavbon-Sun system in space (e.g. Hans et al., 2008;
Mulholland & Ginns, 2008; Wilhelm, 2009b). As a result, these researchers argue that learners
need spatial ability skills to understand astronomycepts.

Research shows that diagrams help learners to better understand science concérasdéng.
1994;Mayer & Anderson, 1991). For this reason, many textbooks have diagrams illustrating these
concepts. However, students sometimes struggle tmpieteinformation illustrated in diagrams.
Literature shows that people with good background knowledge on concepts illustrated in diagrams
perform better on diagram interpretation, than people with poor background knowledge on these
concepts. Additionall, this literature shows that composition of diagrams sometimes hinders
learners from obtaining information intended by diagram illustrators. No research has been

conducted to investigate | earnerso i nedeithpret at |
the EarthMoon-Sun system. The current study investigated issues associated with composition of
diagrams illustrating phases of the Moon, and |

9.1.1 Research Questions

The following research questions haweeh answered by the study.

1. What is the | evel of Grade 9 Natur al Science

associated phases of the Moon?
2. What is the | evel of Grade 9 Natur al Science

3. To what extent does the cpasition of diagrams illustrating phases of the Moon (in South

African school textbooks) comply with design principles recommended in literature?

4. What interpretations do learners assign to components of diagrams illustrating phases of the

Moon, and what d@s t hi s i mply about |l earnersd interp
diagrams?
5. What links (i f any) exi st bet ween | earnersd s

illustrating phases of the Moon?
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9.1.2 Methodology

| administered a diagnéstt t est to investigate | earnersd und
phases of the Moon, and to further investigate their ability to mentally manipulate celestial objects

in space. Data obtained from the diagnostic test provided an answer tatthesiarch question.

I n addition, I administered six tests to measu
these tests provided an answer to the second research question. Additionally, | analyzed textbook
diagrams illustrating phases tiie Moon to investigate the extent to which their composition
complied with design principles recommended in literature. Data obtained from this analysis
provided an answer to the third research question. | used spatial ability test scores to sedest lea

who interpreted diagrams illustrating phases of the Moon. Furthermore, | used déagtisis

results to select diagrams that | used during interviews. Having selected the diagrams and the

| earner s, I conducted i ninteepretatior of Miagtams illustratiegs t 1 g a t
phases of the Moon. Results of diagram interpretation provided answers to the last two research
questions.

9.1.3 Theoretical framework

Three constructs formed a theoretical framework used to design the study anetimespits: (i)

the spatial ability theory which helped me understand data obtained from the spatial ability tests,
and to investigate |l inks between spatial abil i
phases of the Moon, (ii) the theory models which helped me interpret results obtained from

analysis of these diagrams, and (iii) the theory of diagrams which helped me interpret results
obtained from analysis and interpretation of these diagrams.

In the following discussion, | present résuobtained from analysis of data obtained from spatial
ability tests, di agnostic test, anal ysis of di
interpretation of these diagrams.

92 Learnersod® understanding of phases o

| have alreadyindicated that the bulk of research dealing with phases of the Moon investigated
student sé ideas about the causestoufdenmnmotosndd su npdhear sse
of other concepts associated with these phases. The current studygiavest d student
understanding of the cause of moon phases as well as their understanding of other concepts
associated with these phases. The results ext
understanding of the Eartfloon-Sun system.

| administered a diagnostic test consisting of ten mukghieice questions (Questions 1 to 10) and
one question requiring learners to draw responses (Question 11). Seven of the ten-choitple
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qguestions (Questions 1 to @ ofthe BavtiMeonh-$ug saysteand | e ar

with specific focus on phases of the Moon. QL
EarthMoon-Sun alignment to determine appearance of the Earth as seen from the Moon. Question
9 investi gat et deteamine phasessod theaMoonl fiomh g given Elttlon-Sun

alignment illustrated in a diagram. Question 10 consisted of a diagram illustrating the Sun
illuminating Mars and its two moons. The question required learners to determine appearance of
one mom (Phobos) as seen from the other (Deimos). Thus, Questions 8 and 10 investigated

|l earnersd ability to execute skills required
Question 11 investigated | ear nerdsebolugobsirdquiredy t o e
to understand phases of the Moon. | have shown in the course of this thesis that Quéktions 1

i nvestigated | earnersd6 understanding of-l1lcontent
i nvestigat ed | e asrneesladdodundarstand this gontentf(seesdetails in Section

341, pp 65 8) . I have al so shown that the tests rei

formal operational stage, amgsumed that learners were at this stage (on the basis aigbhamd
grade level

Each question had a confidence scale asking learners to indicate how sure they were about their
responses. In addition, Questions 8 to 11 (which had diagrams) each had a visualization scale
asking learners to indicate the extentwhbich they were able to envision what the diagrams
illustrated.

9.2.1 Summary of results

Data from the diagnostic test provided an answer to the first research question phrased as follows:
Wh a't is the | evel of Grade 9 Nohastonomy corgeptsence |
associated phases of the Moon?

Learners obtained very low scores in all the questions. In addition, most learners indicated that they
were uncertain and/or had guessed answers in mulijdize questions. Furthermore, most
indicated that it was difficult for them to envision what the diagrams illustrated. Low scores
obtained in Question 5 suggest that the learners had poor understanding of the cause of moon
phases (supporting results reported in literature). In addition, lowssgbtained in Questions 1, 2,

3, 4, 6, and 7 indicate that learners had poor understanding of other concepts associated with phases
of the Moon.

Some questions in the test could be answered by using daily experience of moon phases (e.g.
Question 6 which &&d learners about the moon phase that rises at sunset). Poor performance on
these questions suggests that the learners lacked daily experience of moon phases. These results
help to caution teachers not to assume that all learners have this expetiereepérience might

help the learners to better understand concept associated with phases of the Moon).

Low scores obtained in Questiondd11, and the fact that the majority of learners indicated that
they could not envision what the diagrams illustda suggest that the learners lacked spatial ability
skills needed to obtain information illustrated in these diagraifisese results are particularly
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important because they show that learners lack spatial ability skills applicable in the context of
pha®s of the Moon. These results call for real concern as spatial ability is needed to understand
astronomy concepts.Poor performance in these questions helps to explain why many learners
struggle to understand these concepts. That is, the concept® nesgiof skills which learners
appear to be deficient in.

It is worthy to note that teachen$ the school where data was collected had claimed to have taught
the section of the curriculum dealing with phases of the Moon. However, the majority ofdearner
indicated that they had not learned about phases of the Moon in this school. Some of the learners
who patrticipated in interviews mentioned that they had learned about other astronomy concepts
than phases of the Moon. It appears that the teachers mmbdkphases of the Moon while
teaching the relevant section of the curriculum. The reason for this is not clear, but it is possible
that the teachers lacked background knowledge on phases of the Moon. This would support an
observation | made in two waskops conducted to highlight problems of teaching about phases of
the Moon, and to suggest strategies to overcome some of these problems (Mosoloane & Sanders,
2006; Sanders, Mosoloane & Stanton, 2006). Teachers who attended these workshops were
interestedin learning about phases of the Moon, rather than learning about problems associated
with teaching this topic. This suggests that the teachers had low conceptual knowledge about this
topic.

9.2.2 Background knowledge of learners who participated in
interviews

The discussion in Section 2.2.3 (p 49) shows that people with good background knowledge of
concepts illustrated in diagrams are better able to interpret the diagrams than people with poor
background knowledge of these concepts. Results obtainedtmuaiiagnostic test show that all
learners had poor background knowledge of concepts associated with phases of the Moon. As a
result, none of the learners selected to participate in interviews was advantaged by good background
knowledge in the topic whenterpreting the diagrams.

9.3 Spatial ability

I admini stered the following tests to measure
(CF-2), Card Rotations Test {5, Cube Comparisons Test-25 Form Board Test (VA), Paper

Folding Tes$ (VZ-2), and Surface Development Test (8¢ | used these tests because they

measure spatial ability skills required to understand phases of the Moon. Three of these-#&sts (CF

S1 and VZ1) measured | ear ner s-dimemsionall ofedtsyon plame ofmthen i pul a
paper, while the other three-g5 VZ-2 and VZ£3 ) measured | earnersd abil.i
dimensional objects in space. As mentioned before, designers of these tests indicate that the tests
are suitable for persons who havaaled Grade 9 and above, but can be administered to younger
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participants if researchers read out instructions to these participants. These results helped me to
select learners who interpreted diagrams illustrating phases of the Moon. In addition, tinforma
about studentsd spatial abil it i epatiakakilityskillda t he e
learners in Africa (the bulk of the research involving spatial ability has been conducted in other

parts of the world).

9.3.1 Summary of results

Theseresults provided an answer to the second research question phrased as Wghatwis the
l evel of Grade 9 Natur al Science |l earners6 spat

The learners obtained low scores for th& &st, much lower scores for the QFVZ-1 and VZ2

tests, and very low scores for the2&nd VZ3 tests. These results suggest that the learners had
low spatial ability skills, particularly the skills requiring mental manipulation of thieensional
objects in space. These results support findingSanfders (2004), which show that some South
African learners have low spatial ability skills. The results further support findings from other parts
of the world, which show that high school students have low spatial ability skills, e.g. a USA study
by Smaley et al. (1989), an Egyptian study by Abé&Rahim et al. (1990), and an Australian study

by Burton and Fogarty2003).

Lack of spatial ability skills suggests that the learners would struggle to undertake tasks that require
perception and manipulatiarf three dimensional objects in space. This finding has a number of

i mplications. First, research conducted to de
understanding of astronomy concepts, but has not yet targeted learning of low-adplital
learners. Researchers should investigate ways of helping low syalityl learners to better
understand astronomy concepts. | have indicated earlier in the thesis that some research findings
suggest that spatial ability can be improved, e.g. usigedimensional objects, thredimensional

objects and/or computer simulations to help learners improve their ability to imagine rotating
objects in space (see Section 2.2.1, p 30). | suggest that further research be conducted to investigate
whether, andie extent to which these activities can help learners to better execute spatial ability in
the context of astronomy concepts, and consequently, to understand astronomy concepts (e.g. to
interpret diagrams illustrating these concepts).

| have also indicatethat spatial ability is only one of the factors needed to understand science
concepts (other factors include logical reasoning, memory span, verbal fluency, etc.). Results
obtained from spati al abil ity t espesithadiwties i nf or
requiring perception and manipulation of objects in space, but very little about learners overall
ability to understand science concepts (and indeed, their ability to cope with other school subjects).

|l mproving |l earskirkbsswatuidl!l abélytgnhance | earn
of science concepts that require perception and manipulation of objects in space, which might, in
tur n, enhance | earnersé6é understanding of t hese
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Finally, teacher trainers shoulte informed about these findings. This information can help them
advisepreser vi ce teachers about the need to use str.
skills when teaching about phases of the Moon.

9.3.2 Spatial ability skills of learners who participated in interviews

| used results from the six spatial ability tests to select five learners with high spatial ability scores
and five learners with low spatial ability scores to participate in interviews. Each of the high
spatiatability leaners had obtained low scores in at least two of the six spatial ability tests. Poor
performance of these learners on some spatial ability tests suggests that the learners were deficient
in some spatial ability skills needed to understand phases of the. Mbwas reasonable to expect,
therefore, that these learners would demonstrate weaknesses in some tasks requiring the use of
spatial ability skills.

9.4 Diagram analysis

This thesis considers the Eaftoon-Sunsystemconceptualized by scientists as asensus model

of the system and considers diagrams illustrating thisstemas analogical models of theystem

(see Section 2.2.2, pp 4). The theory of models recommends that differences between
consensus and analogical models be spelled out toiftelpded audiences match only relevant
aspects of these models. It follows that textbook writers should provide information explicating
differences between diagrams and the ERtton-Sunsystemconceptualized by scientists.

| analyzed 28 diagrams illtrating phases of the Moon. The analysis instrument consisted of nine
design principles classifiable into three levels: the syntactic level, the semantic level and the
pragmatic level. The syntactic principles focused on perceptual issues on diageasen#mntic
principles focused on meanings obtainable from diagrams, while the pragmatic principles focused
on suitability of diagrams to intended contexts and audiences. Findings extend our understanding
of semantic problems found in these diagrams, emwtribute new knowledge by making us
understand syntactic and pragmatic problems found in the diagrams.

9.4.1 Summary of results

Diagrams from ten books illustrated phases of the Moon only, while diagrams from fourteen books
illustrated the Earth, the Sumcithe Moon. Diagrams from the fourteen books had two problems

which have been identified in literature (e.g. Dove, 2002; Engestrom, 1991; Subramaniam &
Padalkar, 2009). First, relative sizes and distances between the Earth, the Sun and the Moon were
not maintained in these diagrams, and no information was provided to clarify this issue. Second,
the Moonbés orbit was presented along the eclipt
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the position which results in a lunar eclipse, and again fooniration was provided to clarify this.
The absence of this clarification suggests that learners using these diagrams might develop
misconceptions about the Eaftoon-Sunsystem

In addition to the problems discussed above, the current study foundl sgebtams not reported

in literature. The syntactic analysis shows that three diagrams lacked visual cues (e.g. numbering
and labels) that would help viewers to perceive associated marks as linked. Furthermore, arrows
representing t hecle&ly visgible inromeyok theseediagrams oThus, the three
diagrams had design problems that might hinder viewers from accurate perception of information
illustrated in the diagrams. The semantic analysis shows a number of problems. First, 12 diagrams
used symbols inconsistently, so that one symbol represented different entities in a diagram.
Secondly, 13 diagrams used symbols ambiguously. As a result, different viewers might ascribe
different meanings to one symbol. Finally, 18 diagrams used sytimgolsectly, so that scientific
concepts were not accurately represented in these diagrams. These problems suggest that the
composition of several diagrams might hinder learners from obtaining the message intended by
illustrators.

The pragmatic analysishows that one diagram lacked information explaining the purpose of the
diagram, threaliagrams each provided inadequate amount of information needed to enable the
diagrams to achieve their intended purposdsle 15 diagrams illustrated phases of the Mas

seen from the northern hemisphere, despite the fact that intended viewers live in the southern
hemisphere. Thus, the design of these diagrams violated the pragmatic principles.

These results have a number of implications.

1 Publishers should be imimed abouthe types of problems found in the books. This might help
them minimize these problems in books yet to be published. Furthermore, | recommend that
publishers organise visual literacy training workshops for illustrators and editors. These
workshops might help the illustrators and editors to realize the type of problems found in
diagrams, and to be aware of design principles which can help them design better diagrams.
This might reduce the number of problems found in the diagrams.

71 Education oficials should be informed about these problems. Their knowledge of these
problems can help them recommend textbooks whose diagrams have fewer design problems.
Also, the officials can work with publishers to ensure fewer design problems in textbook
diagrans. Furthermore, the officials can work with teachers to help them minimize impact of
these problems on learning.

1 Teachers should be warned that diagrams do not always accurately illustrate the message
intended by publishers. The presence of syntactiblpms means that some information might
be missed altogether. Teachers need to point out aspects of diagrams that are not clearly visible
to viewersdéd eyes, to help overcome i mpact of
problems means thaliagrams might convey incorrect information to the learners. Teachers
need to correct this information. The presence of pragmatic problems means that diagrams
might confuse learners, as the diagrams present information against context of intendesl learner
(i.e. illustrating moon phases as seen from the northern hemisphere in the books designed for
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learners living in the southern hemisphere). Teachers need to put ideas in context of learners,
e.g. warning learners that diagrams illustrate phenomena agregethe northern hemisphere,

and then helping them to understand how the phenomena would be seen from the southern
hemisphere. This might help the learners to make better sense of information learned in school
and information perceived in their dailyés.

It is worthy to remember that the information | obtained from two workshops indicates that some
South African teachers have poor background knowledge in this topic (Mosoloane & Sanders,
2006; Sanders, et al., 2006). It is seems less likely thensdich teachers could realize and
correct errors found in diagrams. This suggests that the misinformation might be passed on to
students.

The third research question was phrased as folldwswhat extent does the composition of
diagrams illustrating ptases of the Moon (in South African school textbooks) comply with design
principles recommended in literature?

The analysis shows that very few diagrams violated syntactic principles, while the majority violated
semantic and pragmatic principles.

9.4.2 Diagrams used during interviews

| used results obtained from diagram analysis to select diagrams for interviews. | selected four
diagrams which had the fewest design problems (i.e. Diagrams 19, 21a, 21b and 24 in Appendix C).

| designed the interview schedule that the design problems identified in each diagram would
have no i mpact on | earners6 interpretation of t

9.5 Interviews

|l used the four diagrams to i nvestintgeaibgams$, ear ner
and to further investigate |l earnersd ability t
during selected configurations of tkemponents of th&arthMoon-Sunsystem First | present

results obtained foomofeaoneeadi onser prTateat | P

determine the shape of the Moon seen from earth during selected configurationsaohploments
of the EarthMoon-Sun system Results discussed in this section provide new knowledge not
reported initerature.

9.5.1 Interpretation of conventions

I used the four di agrams to investigate | ear ne
diagrams illustrating phases of the Moon: t he
Mo on & s ohramind the Eamha tn addition, | investigated whether learners would perceive
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the earth and the moon shapes as representingdimeasional objects, and further investigated

whet her | earners would inter pr epgersgedtiee framwhiphe of t
the Moon has been drawn. Results all owed me tc
the following conventions:

(1) The same symbol appears more than once, representing the same entity as it changes position
(2) The same symba@lppears more than once, representing different entities

(3) Different symbols represent the same entity as it changes shape

(4) Black and white colours represent parts of the Moon visible and invisible from Earth

(5) Two-dimensional shapes represent thdraensonal objects

6 Shape of the Moonds orbital path indicates pe

The diagrams had hints that might help learners to interpret the first three conventions, but had no
hints to help learners interpret the last thresventions. The results show that the learners were
generally able to interpret the Earth, t he Sun¢
Moon. These results suggest that both high and low sjadtiiitly learners were generally able to

interpret the first three conventions. However, the results show that high -ghélttal learners

correctly interpreted the black and white colours on phases of the Moon while the majority of low
spatiatability learners appeared to be uncertain aboutrtbaning of these colours. As a result, |

conclude that mostly high spatial ability learners have been able to interpret the fourth convention.

When asked to interpret these colours (on Diagram 24, Figure 8.1), all learners had determined
appearance ahe Moon from the Earth for selected configurations ofcittraponents of th&arth
Moon-Sunsystemusing Diagrams 21a and 21b (Figures 7.1 and 7.2). High sphtigy learners

had demonstrated superior performance in this task. | speculate thaphasa determination

might have enabled the high spatdiility learners to perform better on interpretation of these
colour s. | recommend that further research con
colours without prior lunar phaset@rmination. Such research might indicate whether high spatial

ability learners are, indeed, better able to interpret these colours than their low-adpkiyal
counterparts. Results of such a study might determine the nature of interventions odeelpd t

learners to interpret these colours.

The results further show that learners generally interpreted the earth and the moon shapes as
representing twalimensional objects. In addition, only three partially interpreted the shape of the
Mo o n 6 s iwodicdiing tperspestive from which the Moon is seen. These results imply that both

the high and the low spatial ability learners generally failed to correctly interpret the last two
conventions for which no hints were available on diagramsdepth cues &re used to show the

earth and moon shapes as representing spherical objects, and no captions were given to help people
interpret the oval orbit as indicating the perspective).

The dual coding theory hel ps t mterpratpohvantionsforhe s e r
which artists provided (mostly verbal) hints suggests that the learners were able to use both verbal



and nonverbal information while interpreting tF
two conventions suggests ath artists should provide verbal information that might help
interpretation of diagrams.

Results obtained in the current study have a number of implications.

1 TeachersTher esul ts show that the | earners were abl
Moon orbiting Earth, and phases of the Moon. The learners gave correct interpretation despite
the fact that they had not learned about phases of the Moon in secondary school. These results
suggest that the learners had visual literacy skills (dieduss Section 2.2.3, p 50) needed to
interpret these aspects of the diagrams. However, learners failed to interpret the earth and the
moon shapes as representing tkteeensional objects, and also failed to interpret the shape of
t he Mo on 06 scating perspectivee fromiwhichithe Moon had been drafirese results
show that learners correctly interpreted the conventions requiringimensional perception of
diagrams, but struggled to interpret thdtmensional aspects of these diagrams. Theselts
imply that diagrams might easily convey information about-tivoensional nature of moon
phases, but might not be the most appropriate tool to use when teaching abedinteresonal
aspects of these diagrams. These results suggest thattioratinlidiagrams, teachers should
use resources known to help learners understand-dimemsional phenomena. For example,
several researchers have found that the use of physical models and/or computer software helps
learners to better understand conseassociated with phases of the Moon (e.g. Hans et al.,
2008; Hobson et al., 2010; Sherrod & Wilhelm, 2009).

| would also suggest that teachers ask learners to say what they see when looking at diagrams.
This might help teachers to get a sense of whd#sners see information intended for the
lesson, and to further help teachers to realise how much help they need to provide to the learners
to help them appropriately interpret diagrams.

1 Publishers The results show that when moon phase diagrams aftedesjned, learners can
generally interpret conventions used in these diagrams. | advise illustrators to design diagrams
that have no design problems, as learners would likely interpret conventions used in such
diagrams. In addition, | suggest that dlitators provide inscriptions to enable viewers to
correctly interpret all the conventions used in these diagrams (e.g. explaining what the black and
white colours represent, and also explaining
Furthermaoe, | suggest that depth cues be used in moon phase diagrams, as these are likely to
help learners to interpret the earth and moon shapes as representing spherical not flat objects.
This might help learners to make better sense of diagrams.

These rest$ can be used to answer Research Question 4 phrased as fdlloatsinterpretations
do learners assign to components of diagrams illustrating phases of the Moon, and what does

this imply about | earnerso6 intergetation of <co

The results show that | earners correctly interp
path around the Earth), and phases of the Moon. As a result, the learners are considered to have
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been able to interpret Conventions 1, 2, and e results also show that all the high spalality

learners correctly interpreted black and white colours on shapes representing phases of the Moon
while only one of the low spatiability learners correctly interpreted these colours. As a result,

only six learners are considered to have been able to interpret Convention 4. Finally, the results
show that all learners failed to interpret the earth and the moon shapes as representing three
dimensional objects, meaning that all the learners failéatégpret Convention 5. Furthermore, the
results show that only three |l earners partial!l
indicating perspective from which the Moon is seen, meaning that the learners generally failed to
interpret Convetion 6.

9.5.2 Determination of moon phases from selected configurations of
the Earth-Moon-Sun system

This part of the interview investigated | earne
from earth when the Moon is in selected positions on itgabrpath around the Earth. In these
positions, earth viewers would see Waning Gibbous, First Quarter, Waning Crescent, New Moon
(nothing visible) and Full Moon. First, | asked the learners to draw the shape of the Moon visible
from earth for each of tlse positions.Each of the high spatiability learners drew a hathoon

shape and at least one circular shape. Four of these learners each drew a crescent shape, and one of
the four learners drew a gibbous shape. On the other hand, the low-apitittalearners drew

half-moon shapes and unclassifiable shap&$at is, none of them drew a crescent shape, a
complete circle or a gibbous shape. These results showhthaigh spatiahbility learners drew

more expected shapes than their low spatidity counterparts. Furthermore, the results show that

the learners encountered more problems with crescent and gibbous phases than other phases of the
Moon.

After drawing moon phases, learners were shown shapes representing phases of the Moon and were
aked to select shapes that would be seen from Earth during the selected configurations of the
components of th&arthMoon-Sun system Low spatialability learners selected mostly wrong
shapes while high spatiability learners selected mostly correctsbs In actual fact, low spatial

ability learners tended to select a shape more than once: three selectaddmahapes more than

once while two selected a gibbous moon more than once. On the other hand, only two high spatial
ability learners selectesl shape more than once. Selecting a shape more than once suggests that the
learners failed to make a ct@one correspondence between the eightboctitmoon shapes and the
appearance of the Moon in the eight positions around the Earth.

These resulthave the some implications in education. The fact that high sphflay learners

were better able to cope with thrdignensional interpretation of diagrams than their low spatial
ability counter parts suggests that researchers should investigaggisgdihat can help low spatial

ability learners to understand thrdenensional aspects of moon phases. Research involving
phases of the moon, conducted to date, investigated ways of helping learners to understand these
concepts. No research has beemedto find difference between high and low spestaility
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|l earnersd ability to understand this tabilty c, and
learners to understand these concepts. It is only after such research has been cdhducted,
recommendations can be suggested as to how low sphiii#y learners can be helped to better
understand thredimensional aspects of moon phases.

Another finding of the study is that diagrams are good at helping learners to understand two
dimensonal but not threglimensional phenomena associated with phases of the Moon. Teacher
trainers should help prgervice teachers to realise this problem. Furthermore, they should ensure
that preservice teachers understand the value of other strategisoulselp learners to understand
astronomy concepts (e.g. the use of models and computer software). This might prepare the
teachers to use other strategies in addition to diagrams when teaching about phases of the Moon.

These results can be used to agsResearch Question 5 phrases as folldisat links (if any)

exi st bet ween | earnersdéd spati al ability skills
the Moon?
Results obtained in this study s hsanerpretationlof nks Db

five conventions used in diagrams illustrating phases of the Moon. However, the results show that
high spatiadability learners were better than their low spadilility counterparts in determining the
shape of the Moon seen from Hafor a given alignment of the Earth, the Sun and the Moon.
Thus, high spatiahbility learners outperformed low spatatbility learners in this aspect of
diagrams interpretation.

9.6 Reflections

This PhD journey has enabled me to learn a number of shigput doing a study of this
magnitude. First, while it is important to keep the study as focused as possible, it is not always easy

to proceed with the study as originally conceptualised, because of pragmatic factors (some of which

are usually unforesedn the beginning). For example, one of the original aims of the current study

was t o investigate teachersd awareness of pro
astronomy concepts, and to investigate strategies used by these teachers toleder@sshlems.

However, data | obtained from two workshops indicated that the teachers actually lacked conceptual
understanding of these concepts; they attended the workshops to learn about the topic, not to learn
about teaching the topic. Poor resuliéained from the workshops led me to drop this aspect of the

study.

Another original aim of the study was to conduct research involving a wider range of astronomy
concepts including day and night, seasons, eclipses, and moon phases. However, textbook
pulishers provided so many books for this study, that it became impossible to include all the
concepts originally intended for the study. Thus, it became important to refocus the study to deal
with one concept in detail. | selected phases of the Moon sechfiound many diagrams
illustrating this concept.
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Having refocused the study to dealing with phases of the Moon, | have a number of issues to
discuss about the methods used in the study. First, | intended to use the diagnostic test for two
purposes: {ito investigate the extent to which participants understood phases of the Moon in order
to minimize impact of subject matter knowledge during interpretation of diagrams (as has been the
case in the thesis), and (ii) to investigate correlations betwegnadiic test scores and spatial
ability tests scores. The latter purpose was motivated by the fact that very few studies have
investigated correlations between spatial ability and learners understanding of astronomy concepts
(see Section 2.1.3, p 20). fleorrelation would add to the body of knowledge by clarifying links
between spatial ability and understanding of astronomy concepts. However, the performance of
learners in the diagnostic test was so low that it became impossible to investigate thearmre

Secondly, | note the following methodological issues which emerged from the study. |
administered the diagnostic and spatial ability tests to two groups of learners (96 learners in total) in
two sittings for each group. Twenty one learnemmgleted only some of these tests. As a result,

their responses were not included during analysis of results. Some of the 21 learners had obtained
very high scores in the few spatial ability tests that they answered. This suggests that some learners
who might have been suitable for interviews were missed because of not answering all the tests.
Closely related to this, | conducted interviews a year after learners had answered the diagnostic and
spatial ability tests. As a result, some learners suitablmtferviews were no longer in the school
where data was collected (and could not participate in interviews). This shows that some potential
learners were not available for interviews.

Furthermore, | conducted all the interviews in one school, involdamers who knew each other.

It was possible for the first learners who participated in the interviews to inform their schoolmates
about contents of the interview. This might help other learners to prepare for the interviews in case
they were asked tparticipate. If learners passed information to others, then validity of the results
obtained in the study might be threatened. However, the following points suggest that this is less
likely to have been the case.

1 The results show that almost all leameorrectly interpreted the first three conventions and
struggled to interpret the last two conventions. Thus, the order of interviews appears to have
had no impact on this section of the interview.

1 Analysis of responses in Tables 7.17 (p 194), 7.189p) and 7.21 (p 205) shows links
bet ween spatial ability and |l earnersd deter mi
tables show no links between moon phase determination and the order in which learners
participated in interviews. That is, higherformance in moon phase determination was
associated with | earner so spati al ability s k
interviewed.

If the learners shared contents of the interviews, then the results show that the sharing had no
impact ondiagram interpretation.
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9.7 Limitations of the study

1 Many researchers acknowledge that spatial ability is needed to understand astronomy concepts.
However, very few have measured spatial abild.i
understandig of these concepts (see Section 2.1.3, p 20). Good performance on the diagnostic
test would have enabled the current study to add to this body of knowledge by investigating
correlations between spati al abil ictatgd wahnd | e a
phases of the Moon.

1 The current study employed convenience and purposive sampling procedures, involving only a
small number of participants. As a result, findings of the study enable understanding of
characteristics of the participants, buaymnot be generalized other high school learners.
Involvement of large samples would enable results to be generalised to other high school
learners. However, that would be beyond the scope of the current study.

In addition, the study focused on diagsaitlustrating only one aspect of the EaMloon-Sun
system i.e. phases of the Moon. As a result, the findings may not help understanding of
problems associated with diagrams illustrating other aspects afygtam

1 The current study was diagnostit mature, investigating possible problems associated with
composition and interpretation of diagrams illustrating phases of the Moon. The results help to
caution people about existence of these problems, but not to suggest ways of helping learners to
beter understand information presented in these diagrams. Further research should investigate
ways of helping learners to better interpret diagrams illustrating phases of the Moon. It is only
after such research has been conducted, that teachers andsleambe helped to make better
use of diagrams illustrating moon phases.

9.8 Suggestions for further research

The results obtained from this study enable me to make the following suggestions for further
research:

1 Teachers of the school where data wasectdld appeared to have skipped phases of the Moon
while teaching about astronomy concepts. The reason for this is not clear, but it is possible that
they lacked background knowledge on phases of the Moon. | recommend that research be
conductedtoinveggiat e an extent to which South African
this topic and challenges associated with teaching the topic. Such a study might provide ideas
about the nature of intervention to be undertaken to help the teachers bettetandderd teach
the topic.

f Literature shows that some textbooks <contain
understanding of concepts associated with HagthMoon-Sun system (e.g., Sebastia and
Torregrosa, 2005; Vosniadou, 1991). | recomdhédmat research be conducted to investigate
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accuracy of textual information dealing with phases of the Moon in South African textbooks.
Furthermore, | recommend that research be conducted to investigate the extent to which
activities prescribed in theseltb k s mi ght enhance | eBartivMoons & unde
Sunsystem(the presence of these activities does not necessarily mean that the activities would
achieve their intended purposes). Such research might help evaluate the extent to which
information in the books could help to explain tarthMoon-Sunsystento the learners.

T The current study has been the first to invest
the EartAMoon-Sun system The study focused on phases of the Mooniclwvlis only one
aspect of thissystem I recommend that research be <co

interpretation of diagrams illustrating other concepts associated witkytstism(e.g. day and

night, seasons and eclipses). Findings would indiaatextent to which the diagrams could

help learners understand concepts associated withytbtism Failure to obtain this information

from diagrams would indicate, for example, that teachers need to use other resources in addition
to diagrams when teairty this topic.

9.9 Conclusion

This study was <carried out to investigate the
concepts associated with phases of the Moon, the extent to which textbook diagrams illustrating

phases of the Moon comply withglée gn pri nci ples recommended in |
obtain information illustrated in these diagra

interpretation of the diagrams.

Results show that that the learners had poor understandagjrohomy concepts associated with
phases of the Moon. In addition, the results show that most diagrams complied with syntactic
principles, but violated semantic and pragmatic principles recommended in literature. Furthermore,
these results show thatethearners were able to interpret the following components of diagrams

il lTustrating phases of the Moon: the Sunds rays
However, the learners interpreted the earth and moon shapes as representingensional
objects rather than spheres. I n addition, t he

path as illustrating the distance between the Earth and the Moon, rather than the perspective from
which the Moon has been drawn.

Finally, the reslts show that learners with high spatial ability skills were generally able to
determine the shape of the Moon visible from Earth during selected configurations of the
components ofhe EarthMoon-Sunsystemwhile low spatial ability learners generallygggled to

determine these shapedhus, the studyprovides additional information giving evidence about
relationships between spatial ability and |l earn
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APPENDIX A: Spatial ability tests

SpatiaAbility Tests

This appendix shows sample items from the six spatial ability tests administered in the study, but
not the exact tests, as the license agreement indicates that the tests@hoellidiciuded in

research reports.
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Name

HTDDEN PATTERNS TEST -- CF-2 (Rev.)

How quickly can you recognize a figure that is hidden among other lines?
This test contains many rows of patterms. In each pattern you are to look
for the model shown belew:

The model must alwayvs be in this position, mot on its side or upside
dowm.

In the next row, when the nodel appears, 1t is shawn by heavy lines:

4K

{e) (x) (o) x) (=) (o)

Your task will be to place an X in the space below each pattern in
which the model appears and an (¢ belew the pattern where the model does
not appear. Now, try this row:

5. 6. 7. 8. 9.

Dﬁ%w s

(O {1 (1 () {7 () (9

You should have marked an ¥ below patterns 1, 3, 4, 8, and 10, because
they contain the madel. You should have marked an 0 below patterns 2, 5,
6, 7, and 9 because they do not contain the model.

Your score on this test will be the number marked correctly minus the
number marked incorrectly. Work as quickly as you can without sacrificing
accuracy.

You will have 3 minutes for each of the two parts of this test. Each

part has two pages. When you have finished Part 1, STOF. Please do not go
on to Part 2 until vyou are asked to deo so.

DO NOT TURE THIS PAGE UNTIL ASKED TO DO SO

Copyright (E) 1962 and 1975 by Educational Testing Scrvice. All rights reserved.
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Name

CARD ROTATIONS TEST — 5.1 (Rev.)

Thas is =2 tes
the 5 triangie-shapsc

e of tre same card, which has weern sllc zround

liow icok £= the Z cards below:

These twe
e made to 1o
arourd on i
over or mad

Bach proglem o

lipe ani eight

eight caris on N £ Terent ‘“W‘n ‘W ok
left. Mark the box beside =he B 1'f‘ lt ‘g <7z same as toe one at tne beginning
of “ne row. Mark the box beside the D If 1t is dlffE"‘E”l‘t from the one at ihe
beginning of the rou.

Proctice on the “ollowing rows. The Tirst row has been correct.y

rn
=
[=}
]
m
O
L
-]
193]
]
jw]
J
[p]
B
™
L
[¢2)
0
(o]
]
1923
O
o
X
[ox}
(]
=
"
[¥3]
0
=
b3

o DL IU O UD

500 s nid 50 bl sapd sdpd saDncy 5000 sCDpo

U

Your score on this test will be =ne number of ltems answered correctly
minus the number answered incorrectly. Therefore, it will not be tec your
advantage to guess, urn_ess you hzve some idea whether the card is the same
or different. Work as quickly ac you can without sacrificing accuracy.

You wil: have 3 minutes fcor each of the two Da: of this test. E
part has 1 page. When you have finished Part 1, OP Pilease d¢ not g0
on to Part © until you are asked tc do so-

DO NCT TURN THIS PASE UNTIL ASKED 70 DO 30.

- - ~ . LI T TR S T S
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Name

CUBE COMPARISONS TEST -- 5-2  (Rev.)

Wooden blocks such as children play with are often cubical with a different
letter, number, or symbol on each of the six faces (top, bottom, four sides).
Each problem in this test consists of drawinzs of pairs of cubes or blocks of
this kind. Remember, there is a different design, pumber, or letter on each face
of a given cube or block. Compare the two cubes in each pair below.

.4 2 > g a0

[) j? ;\ IJ ;\ fa L (:

S Dmm Smm O3

of different cubes.

The first pair is marked D because they must be drawings
the N would be

If the left cube is turned so that the A is upright and facing you,
to the left of the A and hidden, not to the right of the A as is shown on the right
hand member of the pair. Thus, the drawings must be of different cubes.

The second pair is marked S because they could be drawings of the same cube.
That is, if the A is turned eon its side the X becomes hidden, the B is now on top,
and the ¢ (which was hidden) now appears. Thus the two drawings could be of the

same cube.

No letters, numbers, or symbols appear on more than cne face of a given

Note:
number or symbel can be on the hidden faces of

cube. Except for that, any letter,

a cube.

Work the three examples below.
x = /) S G A ()

A B < % G ¢ | P J C) = |7

SO D3 S 0

23w I 0

The first pair immediately above should be marked D because the X cannot be at
the peak of the A on the left hand drawing and at the base of the A on the right
hand drawing. The second pair is "different’ because P has its side next to G on
the left hand cube but its top next to G on the right hand ecube. The blocks in the

third pair are the same, the J and K are just turned on their side, moving the 0 to

the top.
core on this test will be the number marked correctly minus the number

Therefore, it will not be to your advantage to guess unless you
Work as quickly as you can without sacri-

Your s
marked incorrectly.
have some idea which choice is correct.

ficing accuracy.

You will have 3 minutes for each of the two parts of this test. Each part has

one page. When you have finished Parc 1, STOP.

DO NOT TURN THE PAGE UNTIL YOU ARE ASKED TO Do SO.

Copyright (T) 1962, 1976 by Educational Testing Service. 41l rights reserved.
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Name

FORM BOARD TEST — VEZ-1

Thig im a test of your ability to tell whaet pieces can be put together to make
a certain figure. Each test page is divided into two columns. At the top of each
column is a geometrical figure. Beneath each figure are several problems. Each pro-
blem consistas of a row of five shaded pieces. Your task is to decide which of
the . five shaded pleces will make the complete figure when put together. Any number
of shaded pileces, from two to five, may be used tc make the complete figure. Each
piece may be burned around to any position but it cannot be turned. over. It may
help you to aketch the way the pleces fit together. You may use any blank space for
doing this. When you know which pieces make the complete figure, mark a plus (+) in
the box under ones that are used and a minue (-) in the box under ones that ere not
used.

In Example A, below, the rectangle can be made from the tirst, third, fourth,
and Fifth pieces. A plus hss been marked in the box under these places. The sec-
ond piece is not needed to meke the rectangle., A minus has been marked in the box
under it. The rectangle drawn to the right of the problem shows one way in which
the four pleces could be put together.

Answer

- =

Now try to decide which pieces in Examples B and C will make the rectangle.

In Example B, the tirst, fourth, and fifth pleces are needed. You should have

marked a plus under these three pieces and a minus under the other two pieces. In
Example C, the second, third, and fifth pieces should be marked with & plus and the

first and fourth with a minus.

s test will be the rumber marked correctly minus the number
r advantage to guess unless you

Your score on thi
marked incorrectly. Therefore, it will not be to you
have some idea whether or not the piece is correct.

You will have & minutes for each of the two parte of this test. Each part has
2 pages. When you have finlshed Part 1 (pages 2 and %}, STOP, Please do not go on
to Part 2 until you are asked to do so.

DO NOT TURN THIS PAGE UNTIL ASKED T0 DO 80.

Copyright & 1962 by Educarional Testing Service. All rights reserved.
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Neme

PAPER FOLDING TEST — vz-2

Tn this teat yoo are to imagine the folding and unfolding of pileces of
paper. In eaclk proulem in the test there are sone figures arawn al the lelt
of a vertica. line and there are others drawn at the right of the line. The
flgures at the left represent a square piece of paper being folded, and the
last of these figures has one or two small circles drawn on it to show where
the paper has been punched. Each hole is punched through all the thicknesses
of paper at that point. One of the five figures at the right of the vertical
line shows where the holes will be vhen the paper is completely unfolded. You
are to decide which one of these Figures is correct and draw an X through that
figure.

Now try the swsple problem below. (In this prcblem cnly one hole was
punched in the Toldel uper.)

B C D E

‘ © . o o

The correct answer Lo the sample problsm zbove 1s C ana so it should hzve
cep marked with arn X. The figures below snow now the baper was folded and
why O 13 the correct ansver.

Uy gl s B 50 [ E

i
i
K

| S——— b me - 4 e 4 _——————
E’ E" |g: °
! t 3 i i ®
1 1 . 1 )
| I, . | S 1 [P

In these prouvlems all of the folds that are made ars shown in the Tigures
at the left of the line, and the paper is not turned or moved in any Way except
to make the fonds shown in the figures. Remember, the answer iz the figure
that chows the positions of the holes when the paber is completely unfolded.

Your scove on this test will be the number marked correctly minus a
froction of the number marked incorrsctly. Therefors, It will not be to your
advantage o gfuess unless you are able to eliminate ons Or more of the answer

choices as wrong.

You will have 3 minutes for each of the two parts of this test. Each
part has 1 page. When you have finished Part 1, STOP. Please do not go on

-

to Part 2 until you are asked to do so.

IRrrrl ASKED TO DO SC.

DO NOT TURN THIL Iade

Copyrignt (€) 1962 by Eauentionzl Testing Service. ALY rights reserved




fane

SURFACE DEVELOPMENT TEST — VZ-3

In this test you are to try to imagine or visualize how a piece of
paper can be folded to form some kind of object. Lock at the two drawings
pelow. The drawing on the left is of a piece of paper which can be folded
on the dotted lines to form the ok ject drawn at the right. You are to
imagine the folding and are to figure out which of the lettered edges on
the ooject are the same as the numbered edges on the piegce of paper at the
lefr. Write the letters of the answers In the numbered spaces at the far

right.

Now try the practice protlexn telow. Numbers 1 and 4 are already
correctly marked for you.

Z

O

AR B

NOTF: The side of the Tlat piece marked with the X will always
be the same a5 the side of the object marked with the X. There-
fore, the paper must always be folded so that the X will be on
the outside of the object.

In the above problem, if the side with edge 1 is folded around to form
the back of the object, then edge 1 will be the same as edge H. If the
side with edge 5 is folded back, then the side with edge L may be folded
down 50 that edge 4 is the same as edge C. The other answers are as follows:
2 is B; 3 is G; and 5 is H. Notice that two of the answers can be the same.

Your score on this test will be the number of correct letters minus
a fraction of the number of incorrect letters. Therefore, it will not be
to your advantage tc guess unless you are able to eliminate one or more of
the answer choices as wrong.

You will have & minutes for each of the two parts of this test. Each
part has 2 peges. When you have finished Part 1 (pages 2 and 3), STOF.
Please do not go on tc Part 2 until you are asked to do so.

DO WOT TURN THIS PAGE UNTIL ASKED TO DO 5C.

Cooyright (¢} 1962 by Educational Testing Service. All rights reserved.
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NAME

Have you ever learned about phases of the Moon? Write YES or NO

[f your answer is “yes”, in which grade did you learn about phases of the Moon?

IMPORTANCE OF THE STUDY

«  Your participation in the study will provide information that can help to increase teachers’ awareness
about difficulties encountered by learners when trying to understand phases of the Moon.

« This information can help ieachers to change the way they teach about phases of the Moon.

+ Improving teaching methods could help learners to better understand phases of the Moon.

HOW TO ANSWER

How many official languages do we have How sure are you that your answer is correct?
in South Africa?
D [ am sure

O s
D g D I think s0

D 9 O 1am guessing

O™

(s}

For multiple-choice questions, choose Tell us how sure you are that your answer is correct:
your answer by Placing atick (v }in
the box next to the answer that you
think is correct.

« If you are absolutely sure that your answer is correct,
then place atick { v ) in the box “[ am sure™.

+ Ifyou are not sure, but think that your answer is correct,
then place a tick ( v ) in the box 1 think so™.

« I you de not know, but vou are just puessing the
answer, place a tick { v ) in the box *1 am guessing™

29C



A complete cycle of phase of the Moon occurs once in

How sure are you that your answer is

[] 27.3 days correct?
[] 280 days (] 1am sure
[l 295 days
[ think s
[] 30.0days u SO
31.0 days | am guessin
O guessing
2. When viewed from the Earth, the Moon appears to rise in the east How sure are you that your answer is
and set in the west daily. This is because correct?
[] the Moon revolves (circles) around the Earth
. . []1am sure
7] the Earth rotates (turns) on its axis
] the Earth revolves (moves) arcund the Sun [] I think so
L} the Moon rotates (turns) on its axis []1am guessing
[] the Moon revolves (circles) around the Sun
3. Ifthe Moon is in the last quarter phase on the 7 of November, on How sure are you that your answer is
what day (approximately) will the Moon be Tull? correct?
] November 14
[]1am sure
1 November 21
['1 November 28 [] ! think so
[ December 7 [ ] 1 am puessing
] December 14
4. If the Moon rises at 21h00 (9 o’clock) tonight, tomorrow night it How sure are you that your answer is
will rise at about correct?
] 19h00 (7 o’clock)
[ 11 am sure
[1 20h00 (8 o clock)
[1 21100 (9 o’clock) ] 1 think so
[] 22h00 (10 o’clock) []1am guessing
[0 23h00 (11 o’clock)
5. As seen from the Earth, the Moon seems to change shape during the | How sure are you that your answer is
month because of correct?
[ ] the turning of the Earth on its own axis .
. [] 1 am sure
[] the shadow of the Earth falling on the Moon
[} the changing positions of the Earth, Sun and Moon [1 1 think so
[] the turning of the Moon on its own axis [ 1am guossing
{71 the Earth meving arcund the Sun
6. 1fthe Moon rises in the east as the Sun is setting in the west, then How sure are you that your answer is

the phase of the Moon must be
[] new Moon

waxing crescent
first quarter
full Moon

oooo

waning gibbous

correct?
] §am sure
[] Ithinkso

[] 1am guessing
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7. If we see the first quarter Moon tonight, which phase of | How sure are you that your answer is correct?
the Maon will people on the other side of the Earth see
when night arrives for them? [t am sure
[J acrescent Moon ] 1 think so
[] afirst quarter Moon )
[] agibbous Moon (] 1am gucssing
[] alast quarter Moon
[] afulMoon
Did you understand what you had to do in questions 1 to 7?7 Write YES or NO

If you did not understand what you were supposed to do, please explain any problems you had.

8. The following diagram shows a person (P) standing on the Earth, looking at the crescent Moon. An astronaut
(A) is standing on the Moon looking back towards the Earth. This question requires you to work out what phase
of the Earth the astronaut will see.

The answer may #ot be as obvious as you think. To help you work oul the answer, draw a diagram (in the space
below) to show the positions of the Earth, the Sun and the Moon. Use your diagram to help you work out the

(ARSWer.
(i A

2
/e N\

Draw your diagram here

What phase of the Earth will the astronaut (A) see? Circle the correct diagram/answer.

O O D D o

full Earth gibbous Earth quarter Earth crescent Earth ncw Earth

How sure are you that your answer is How difficult did you find it to imagine what was happening in the
correct? picture?

[] 1am sure [] It was easy
(] ! think so [} 1could imagine only after thinking hard
[] Iam guessing [} Tcould not imagine what was happening

Did you understand what you had to do in question 87 Write YES or NO
If you did not understand what you were supposed to do, please explain any problems you had.

29z



Sun's rays

9. The diagram on the right shows sunlight l l 1 i 1} J l
shining on the Earth and the Moon. The v v v ¥
Moon is shown in eight positions as it 1
revolves around the Earth. ’

You are standing
here at the position
labelled X

To help you to work out answers to the

: 3
Jollowing questions, you mighi like to draw '
lines (on the diagram) showing what a . .\
viewer on Earth would see when the Moon ~ ¥ Moon's

is in each position.

Imagine that you are standing at point X on Earth, looking at the Moon.

If the Moon is in position 1, what would you see? Circle the correct diagram/answer.

O e a«@ D 4a D O

If the Moon moves to position 4, what would you see? Cirele the correct diagram/answer.

©C e ¢« b a4 D (O

If the Moon moves to position 5, what would you see? Circle the correct diagram/answer.

If the Moon moves to position 7, what would you see? Cirele the correct diagram/answer.

O
O
O e «@ D a D O O
O e d«¢ D a D O 0O

If the Moon moves to position 8, what would you see? Circle the correct diagram/answer.

O e d« D a D OQ 0O

How sure are you that your answers | How difficult did you find it to imagine what was happening in the
for question 9 are correct? picture?

[] T'am sure [] It was easy

[] 1think so [] I could imagine only after hard thinking
[] 1am guessing [] I could not imagine what was happening
Did you understand what you had to do in question 9? Write YES or NO

If you did not understand what you were supposed to do, please explain any problems you had
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Questions 10 and 11 deal with planets (and their moons) which you have probably not learned about. However, by
thinking carefully you should be able to work out the correct answers even if the planets and their Moons are

unfamiliar to you.

10. Carefully examince the diagram on the right, which shows the | —————»
positions of the Sun, Mars. and Mars’s two moons (Phobos and | ———— ¢ O bei
Deimos). This question requires you to wark out the phase of mos

: Sun's rays
Phobos that a person on Deimos would see.
. N . . . B Phobos
You might like to draw lincs on the diagram te help you work O
out the answer to this question.
[f you stood on Deimos and looked at Phobos, which ‘phase of Phobos” would you see? Circle the correct answer. ﬂ

D D 0 O o

How sure are you that your answer is correct? How diffienlt did you find it to imagine what was
y y
{7 Iam sure happening in the picture?
[] 1 think so ] It was casy
[] 1 am guessing [] 1could imagine only afier bard thinking
- [ 1 could not imagine what was happening

Did you understand what you had to do in question 10? l Write YES or NO
I you did not understand what you were supposed to do, please explain-any problems you had.

11, Metcury turns on its own axis in about 60 days, and - N
moves around the Sun in 88 days. . .

The diagram on the right shows the path of Mercury A .
(imagine it moving on the surface of the page). The . ~
diagram shows a crater {labelled “C”) on Mercury, Y !
directly facing the Sun. \ ,

~ g - rs

If Mercury now continues to move around the sun T~ k", e

from the position given, draw on the diagram a

circle to show

a.  The approximate position of Mercury after 22 days, with the new position of crater C clearly marked. Label
your diagram (a).

b.  The position of Mercury after 30 days, with the new position of crater C clearty marked. Label your
diagram (b).

How sure are you that your answers are How difficult did you find it to imagine what was happening in
correct? the picture?

[1 Tamsure [] 1t was easy

[] 1 think so [C] 1 could imagine only after hard thinking

L1 1am guessing [T Tcould not imagine what was happening
[¥id you understand what you had to do in question 117 Write YES or NO

If you did not understand what you were supposed to do, please explain any problems you had.
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Sources of items

The following table indicates sources ohitg used in the test

Iltem

Source
number

1 My creation

5 Examination 1: June 2006 (Regents High School Examination)
http://regentsprep.org/Regents/corgdstions/questions.cfm?Course=ESCI&TopicCode=08
http://www.astro.umd.edu/cdiin/PracticeExam?subject=moon

4 http://people.brandeis.edu/~wardle/questions/exemiewused.doc

5 Examination 1: June 2006 (Regents High School; Examination)
http://regentsprep.org/Regents/core/questions/questions.cfm?Course=ESCI&TopicCode

6 http://people.brandeis.edu/~wardle/questions/exemiewused.doc

7 http://people.brandeis.edu/~wardle/questions/exesuiewused.doc

8 Rochford, K. (1984). An investigation into the attainment of spatial concepts by uniy
science students. Unplished PhD thesis. University of Cape Town. Cape Town.

9 Regents High School Examination: June 2001
http://regentsprep.org/Regents/core/questions/qurestfm?Course=ESCI&TopicCode=08

10 Rochford (1984), from his PhD Thesis.

11 Rochford (1984), from his PhD Thesis.
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http://regentsprep.org/Regents/core/questions/questions.cfm?Course=ESCI&TopicCode=08
http://www.astro.umd.edu/cgi-bin/PracticeExam?subject=moon
http://people.brandeis.edu/~wardle/questions/exam1-review-used.doc
http://regentsprep.org/Regents/core/questions/questions.cfm?Course=ESCI&TopicCode=08
http://people.brandeis.edu/~wardle/questions/exam1-review-used.doc
http://people.brandeis.edu/~wardle/questions/exam1-review-used.doc
http://regentsprep.org/Regents/core/questions/questions.cfm?Course=ESCI&TopicCode=08

APPENDIX C: Textbook diagrams

APPENDIX C: Textbook Diagrams
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Diagram 1

Pictures of the moon taken from space show that the
surface of the moon has many holes in it. These holes are
called craters. Scientists believe that meteorites hitting the
moon formed these craters.

Figure 3: The surface
of the moon. Can you
see the craters?

The moon is about 284 000 km from the earth. It circles the
earth every 27.3 days. While it is moving around the earth, it
is also turning on its own axis. The moon turns around
completely every time it circles the earth.

Phases of the moon

You will have noticed that the moon is not a full circular

shape every night. It has a different shape on different

nights. These different shapes are called phases of the

moon. When we cannot see the moon at all, we call it a new

moon. A few nights later we can see that the moon is

crescent shaped. The moon slowly gets bigger until it is a

circle. We call this a full moon. Then the moon starts to get

smaller again until we cannot see it any more. The Moon Figure 4: The four
goes through all its phases every month. phases of the moon.

L A XK




Diagram 2

New moon First quarter Full moon Last quarter

» Did you know?
Neil Armstrong
was the first

man to walk on
the moon. On

20 July 1969, he
stepped off the
spacecraft

Apollo 11.
Edward (‘Buzz’)

Aldrin and
Michael Collins ~ Ishtiak and Thandi took a torch and a ball, and placed

also went with them on a table so that the light of the torch shone on
him to the one side of the ball. They then walked around the table
moon. A person  tO look at the ball from all sides. By doing this they
who travelsina  were able to see all the phases of the moon.

spacecraft is torch
called an torch @ / ball
- /

astronaut.

b
H
s

$ldof

! -2
I ) @g
1. Write down the answers to the following questions
in your exercise book.
a. What do we call the turning of the Earth?
b. How long does it take for the Earth to move

around the sun?
c. Name the satellite of Farth.
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Diagram 3
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