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ABSTRACT

South African learners are consistently underperforming in mathematics, and it appears
as if this downward trend is not changing. Much research has been undertaken in recent
years in search of possible solutions to remedy this dire situation. Part of this foci into
research has led to the formulation and development of the Mental Starters Assessment
Project (MSAP) through a collaborative process from various stakeholders from Wits
Math’s Connect-Primary Team, Rhodes University and Gauteng Depart of Education
(GDE). This current study forms part of that broader research focusing on possible
solutions to the challenges faced by Foundation Phase learners. And what started simply
as an effort to assess grade three learners' Additive Reasoning strategies through a two-
week mental mathematics intervention study morphed into a study with a much broader
focus. While starting and conducting the study with that single focus, I became aware of
more significant implications that ultimately led me to expand the area of focus. As such
when I completed the MSAP intervention, I then proceeded to assess six of the learners
from the same sample through conducting interviews with them based on the Learning
Framework in Number. The LFIN is an assessment tool developed by Wright et al. (2006)
as an intervention model to remediate underperforming learners. When I completed that
aspect of the study, I was further intrigued with the findings that it yielded in that the
learners with the highest gains in the MSAP correlated with the learners demonstrating
high levels of mathematical proficiencies in the LFIN as they were located on the higher
stages of the SEAL. And the learners with the lowest to no gains in the MSAP correlated
with the learners in the LFIN that demonstrated an over-reliance on concrete forms of
counting as being located on the lower levels of the SEAL. As such, this study's findings
seem to indicate a strong correlation between the MSAP and the LFIN. The implications
for the South African Foundation Phase mathematics classroom are that the MSAP is

easier to administer than the LFIN and requiring no specialized skill and can be



administered nationally. Although the findings of this study were insightful and exciting
more research is needed to verify these findings. It has however created an awareness
that there is an alternative other than the LFIN that is more suitable for the South African

context in the form of the MSAP.
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CHAPTER 1 - CONTEXT AND BACKGROUND OF STUDY
Learner underperformance in mathematics in South Africa has been extensively
documented in the past 25 years, and the causes that gave rise to it (Moloi & Strauss 2005;
Spaull 2013; Spaull & 2015). However, when learners do not master the elementary
concepts of number work in the Foundation Phase of their formal schooling, their
deficiencies in number work will only be exacerbated in the higher grades as the number

range increases and more complex mathematical concepts are introduced.

One of the primary causes for this learner's underperformance from a purely educational
perspective is the learner’s weak or poorly developed Number Sense (Graven & Venkat,
2019). Stemming from this situation, there is an overreliance on concrete forms of unit
counting (Schollar, 2008 & Hoadley, 2012), usually characterized by tally counting, as
noted by Weitz and Venkat (2013). These forms of counting are slow, error-prone and
inefficient significantly when the number range increases into the higher grades (Askew,
Bibby & Brown, 2001). Moreover, as young learners grapple with conceptualizing
numbers as an abstract entity, the necessary and required shifts from concrete forms of
counting into more efficient mental calculating strategies cannot be made. The result is
that young learners struggle with mental math and become over-reliant on concrete

forms of counting.

In this dire situation of learner underperformance, the Wits Math’s Connect-Primary
(WMC-P) Project were initially launched in 2011 in one school district in Gauteng to
collaborate with ten schools to remedy this downward trend of learner
underperformance. The project is in its third cycle of five years and has grown to include
tifteen school districts with five schools per district. This current study forms part of the

scope of research that has already been successfully undertaken in the broader Wits



Math’s Connect-Primary Project. The approach to mental starters has been taken up

nationally in grade three classrooms in the Mental Starters Assessment Project (MSAP).

1.1 Rationale

As a Foundation Phase mathematics researcher, this study aims to enable me to explore
the shifts in learner performance in solving additive tasks once they have completed a
two-week mental math developmental intervention program. The intervention is based
on using Jump Strategies on the Empty Number Line. After intervention completion, I
would like to understand learners’ performance about types of calculations. I would also
like to observe whether those results could be correlated through another assessment tool

(LFIN) of identical learners.

1.2 Research Questions
A case study of exploration into additive reasoning with grade three learners using Jump
Strategies on an Empty Number Line and LFIN assessment. I will attend to the research
question by responding to the following set of questions:
1. What were, if possible, the gains from pre to post-test when making use of the Jump
Strategy on the Empty Number Line interventions?
2. What was the profile of the 6 selected learners after the LFIN interview was
administered on them?

3. What is the correlation between the Jumps Strategies and the LFIN, if any?

1.3 Literature Review

As the focus of this study is to investigate grade 3 learner’s additive reasoning on the
Empty Number Line with the use of Jump Strategies, | have identified and selected to review
literature about the following specific aspects, which include but are not limited to,
additive reasoning, additive representations the use of the Empty Number Line and Jump

2



Strategies. Furthermore, I have selected to review literature by the advocators of a
sequential approach to computation as it fits well within Jump Strategies on the Empty
Number Line. Although I will foreground a sequential approach towards computation in

this study, I will also acknowledge the importance of a structured approach.

1.3.1 Additive reasoning

Additive reasoning in young learners indicates progression in terms of their ability to
work with greater efficiency and flexibility with number. As formal schooling
commences, young learners’ initial strategies to solve number problems are characterized
by counting strategies, as noted by Thompson (2000) and Carpenter, Fennema, Franke,
Levi & Empson (1999). As such, they will initially solve addition and subtraction
problems by counting in ones. However, as learners develop stronger number sense, they
soon start to display additive reasoning proficiencies. Additive reasoning, therefore, is
the learner’s increasing capacity to work with greater efficiency and flexibility with
number, and it incorporates, amongst other elements, the use of prior knowledge or
known number facts to solve number problems. Therefore, from a sequential approach
to computation, counting strategies eventually form the foundation on which additive

reasoning is constructed.

1.3.2 Additive representations

The two additive representations that are of particular interest in this study are the Part-
Part Whole diagram and Number Lines. Although Number Lines will be foregrounded
in this present study, the importance of the Part-Part Whole diagram will be
acknowledged. Both representations have significant advantages in enhancing learner
development of mental computational skills. However, each additive representation
foregrounds different computational and teaching approaches, which will be discussed

in the following section.



1.3.3 Part-whole diagram

The Part-Part-Whole diagram is a rectangular bar that is used to represent the whole and
its constituent parts in picture form. The Part-Part Whole diagram is grounded in a
structural approach, and as such, counting is avoided by starting with measurement and
comparing relations (Ekdahl, 2019). The focus of the part-whole relation is also on the
principles of de-composing and re-composing numbers. In the literature, the approach to
de-compose and re-compose number fits well within the 1010 approach (or split strategy)
that splits both addends into tens and units and ends off by compressing them again to
arrive at an answer. This computational approach contrasts the N10 approach (or jump
strategy) in which the first addend is kept whole, and only the second addend is split into
its smaller parts. Moreover, in this way, the parts are seen as making up the whole.
Advocates of this approach towards computation acknowledge the importance of
counting but suggest that counting strategies are not necessarily the natural pathway into
structural thinking of number and that there are alternative methods that can be used to

achieve the same objective (Ekdahl, 2019).

1.3.4 The Number Line

The literature identifies three types of number lines: structured, semi-structured and
empty number lines. The number line foregrounds counting as the natural pathway that
leads to structural ways of thinking about number (Ekdahl, 2019), as opposed to the 1010
approach, which avoids counting and focuses instead on number relations. It is
furthermore considered a sequential approach to computation and fits well within the
N10 approach to number work. A characteristic of the N10 approach is that the first
addend is kept whole, and the second addend is split into tens and units to derive the
answer usually enacted in jumps on the number line. For the purposes of this study, the

empty number line will be foregrounded, which is discussed next.



1.3.5 The Empty Number Line

According to Blote, Klein & Beishuizen (2000), the empty number line can be employed
as a powerful tool for supporting the development of children’s mental strategies up to
100. Gravemeijer (1994) noted three benefits of using the empty number line: its linear
representation of the number. Secondly, it reflects more closely intuitive mental strategies
used by children, and lastly, it’s the potential to foster the development of more
sophisticated strategies. Bobis and Bobis (2005) added a fourth benefit in that it can serve
as a powerful tool to enhance classroom communication, as learners can explain their
processes of solving number problems. Moreover, it also allows for observing learners'
thinking processes (Bobis, 2007). Further advantages of the empty number line, as noted
by Gray and Tall (1994), another advantage of the empty number line is that it is graphic,
gives the value of the numbers and their position relative to other numbers and as such,

numeral recognition and identification are essential skills that are needed and developed.

1.3.6 Jump Strategies

Bobis & Bobis (2005) assert that the Jump Strategy is a straightforward strategy, and the
main characteristic of the strategy is that the first addend or minuend is kept whole, and
the second addend or minuend is established in parts. Wright, Ellemor-Collins and Tabor
(2012) described the strategy as a sequence of jumps on a straight line, and for this reason,
the jump strategy is described as a sequential or linear approach to computation referred
to in the literature as the N10 approach as discussed above. As opposed to the base ten
or 1010 computational procedure in which the numbers are decomposed into tens and
ones, then processed separately and then put back together again on completion of the
process (Torbeyns & Verschaffel, 2013). The N10 procedure is most suitable for the Jump

Strategy on the empty number instead of the 1010 procedure (Blote et al., 2000).



Using the Jump Strategies, the following set of number skills is a prerequisite for working
on the empty number line. This set of skills is also evident in the Learning Framework in
Number (LFIN), which will serve as the theoretical framework for this study that will be
discussed in more detail in the following chapter.
e Numeral recognition and identification
e Forward number word sequence (FNWS) and number word after
e Backward number word sequence (BNWS) and number word before
e Have a linear understanding of number and their relation relative to other
numbers
e How to plot on an empty number line
e Making a 10 — use of a decuple
e 1010
e Bridging through ten (BTT)
o Need number bonds
o How to make a ten
o How to select the most suitable combination of number sets.
Young learners need to be able to enact all these underlying number skills with the Jump
Strategy on the empty number line. Any limitation in these related skills will adversely

affect a learner’s ability to work successfully on the number line using the Jump Strategy.

1.3.6 Thompson and Carpenter et al. and the advocators of the sequential approach to
computation.

Thompson (2000) and Carpenter et al. (1999) are advocators of the sequential approach

to computation. Moreover, a key characteristic of their work is the models they propose

that contain different stages young learners’ progress through as they shift from less

sophisticated counting to more sophisticated calculating strategies (Ekdahl, 2019). As

such, I will review the work of Thompson (2000), which formulated a model containing

6



a set of five different counting strategies and seven different calculating strategies.
According to Thompson (2000), the learner’s selection of a particular counting or
calculating strategy indicates the learner’s fluency level. On the other hand, Carpenter et
al. (1999) proposes a model with three different stages; these stages are also intended to
be indicators of a learner’s fluency with number work that is established based on the

learner’s selection of a particular counting or calculating strategy.

In the Thompson (2000) model, the five different counting strategies learners can employ
are: counting on from the first number, counting on from a larger number, counting back from a
given number, counting back to the subtrahend, and counting from the missing number. As noted
by Thompson (2000), the seven different calculation strategies are doubles, facts for
subtraction, near doubles for subtraction, near doubles for addition, subtraction as the inverse of
addition, bridging through ten for addition, bridging through ten for subtraction and
compensation. According to Thompson (2000), the list of possible calculating strategies
learners can select speaks to the learner’s ability to use already known number facts to

derive new facts in each problem.

The three-stage model Carpenter et al. (1999) proposed is the Direct Modelling stage,
Counting Strategies stage and Number Facts stage. As I am conducting my study in a grade
three class, my assumption is that learners are well past the Direct Modeling stage and that
most of them are vacillating between stages two and three, which are the Counting
Strategies stage and Number Fact stage. As noted from the above reflection on the two
different models, the Thompson (2000) model does not incorporate perceptual counting
as reflected in the Carpenter et al. (1999) model but moves from the premise that learners
have shifted past that elementary form of counting. The second observation is that in the
Carpenter et al. (1999) model, stage two (Counting Strategies) relates to the five different
counting strategies in the Thompson (2000) model. Thirdly, Thompson's (2000) model

7



allows for a much deeper analysis of a learner’s level of proficiency. Finally, that stage
three of the Carpenter et al. (1999) model, which is the Number Facts stage, relates to the
calculating strategies of the Thompson (2000) model. As Thompson noted, calculating
strategies speak to the learner’s ability to use known number facts, which is what the

Carpenter et al. (1999) model accentuates.

1.4 Theoretical Framework

Due to the nature of my research, I employed a blended approach by merging two
theoretical lenses. Firstly, to locate the present study in literature, I employed Askew
(2012) as the overarching theoretical lens as it speaks to how learners approach
mathematics learning. Furthermore, the test instrument employed for my study was
developed by Askew (2012) and incorporated some mathematical proficiencies. These
mathematical proficiencies were translated into Fluency (answer calculations instantly),
Strategic Calculating (use efficient strategies to answer problems), and Strategic Thinking (use
number relations to answer problems), which informed the design of the test items (Graven,
Venkat, Askew, Bowie, Morrison and Vale, 2020). Secondly, within the overarching
theoretical lens, I have incorporated certain aspects of the Learning Framework in
Number (LFIN) developed by Wright, Martland and Stafford (2006), as it assisted me in
focusing in greater depth and detail to ascertain the sample group’s mathematical

proficiencies and strategies when solving mathematical tasks.

1.4.1 Askew four types of proficiencies

Askew (2012) proposes four types of proficiencies concerning mathematics. Fluency,
Reasoning, Problem-Solving and Understanding are the proficiencies described by
Askew (2012). However, in the test item design criteria, only Fluencies, Reasoning and
Problem-Solving were used. The four proficiencies formed the basis of the pre-test and
post-test items and the eight starter lessons to develop Fluencies, Strategic Calculations,
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and Strategic Thinking within the intervention. According to Askew (2012), the four
proficiencies are intertwined and develop in tandem and not necessarily in succession.
According to the traditional approach regarding mathematics, Fluency should be
developed first, followed by other successive proficiencies at such a time when the
learner is deemed to be ready, which means that mathematical development is
considered a progression in or through different stages. However, according to Askew
(2012), becoming mathematically proficient requires learners to work with all four
proficiencies from the beginning and engage in specific actions before even displaying
complete competence in those actions. Such mathematical proficiency is not the end goal

but part of the entire learning trajectory.

According to Askew (2012), Fluency refers to knowledge of procedures, implying the
capacity to know when and how to employ suitable and appropriate procedures with
flexibility and accuracy. In the design of the test items, “Fluency” was identified as
answering calculations instantly. Problem-solving entails the ability to formulate
mathematical problems, then represent them with suitable and appropriate strategies
and solve them accurately. According to the test design, problem-solving is referred to as
“Strategic Calculations”, which use efficient strategies to answer problems. Reasoning
refers to the capacity to think logically, reflect on your thoughts, and then explain and
justify your choice mathematically. Again, in the test design, the reasoning was embedded
in “Strategic Thinking”. Understanding involves the construction of complete and whole
mathematics knowledge forms by which the learner can adapt and transfer mathematics
principles and thereby make connections between related mathematical concepts. Whilst
understanding is an essential proficiency, the test's designers did not incorporate it

explicitly.



1.4.2 Learning Framework in Number (LFIN) framework
Wright et al. (2006) developed the Learning Framework in Number (LFIN) as a
mathematics recovery program for learners lagging in the mathematics classroom. I will
not employ the complete prescribed interview schedules of the LFIN for my study to
assess learner strategies in the different aspects relating to number work. I will, however
incorporate the specific aspect of the LFIN, which includes the following elements:

e Stages of Early Arithmetical Learning (SEAL)

e Base ten arithmetical strategies

e Forward number word sequence and number word after

e Backward number word sequence and number word before

e Numeral identification (Wright et al., 2006)
These elements of the LFIN will assist me in developing insights into the way the learners
make sense of the additive mathematical tasks and what types of calculation strategies

they employ.

1.5 Proposed Methodology

For this current study, I have adopted a non-traditional mixed methods approach, which
combines and integrates both qualitative and quantitative methods in the same study.
According to Creswell (2012), a mixed methods approach provides a better
understanding of the research problem than either approach on its own. A perceived
disadvantage of the mixed methods approach is that it requires more work and, thus,
more time and, in some instances, more significant financial input. Another disadvantage
is that the researcher must acquire the necessary skill and experience to employ both
approaches. However, the advantage is that the researcher can use the results of one
method to help develop the use of the second method (Greene, Caracelli & Graham,

1989). In a non - traditional mixed methods approach, I focus mainly on the qualitative

10



aspect of the research while using the numbers to tell my qualitative story. In the initial
phase of the study, I conducted a pre-test (see appendix A) and post-test (see appendix
B) on 42 grade 3 learners followed by a schedule of 8 intervention lessons (see appendices
C to ]) over a 2-week period. Based on the results of the first phase, I then selected 6
learners with whom I proceeded to administer the LFIN interviews. As such, the
quantitative approach fed into the qualitative approach, which afforded me the
opportunity to gain better insights concerning the phenomena I was seeking to
investigate, which is grade 3 learner’s additive reasoning representations and strategies

both before and after an intervention.

1.5.1 Research design

My study utilized experimental and exploratory research styles, involving 2 tests and a
schedule of 8 intervention lessons over a 2-week course. This chosen design assisted me
in determining if the intervention assisted in the conceptual development of the
mathematical concept of additive reasoning and evaluating if learners developed fluency
in their mental mathematics ability. After the intervention, I conducted the LFIN

interview schedule on 6 selected learners.

1.5.2 Target population

The selected participants for this study were from 1 class of grade 3 learners comprised
of 20 girls and 22 boys between the ages of 8-10 years old in a formerly disadvantaged
school in the South of Johannesburg. I have selected grade 3 as it is the final year of the
Foundation Phase, in which young learners are expected and required to make the
necessary shifts from concrete forms of counting into abstraction. I have also selected

grade 3 as it fits with my interest in Foundation Phase school mathematics. In addition, I
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selected 6 learners, 2 strong-attaining learners, 2 average-attaining learners and 2 low-

attaining learners.

1.5.3 Research instrument

The selected research instrument for this study was a pre and post-test, a schedule of 8
intervention lessons, 4 lessons on addition and 4 lessons on subtraction and 6 interviews
that were video recorded. Furthermore, the research instrument consisted of a
combination of 15 addition and 15 subtraction items in the mid to high number range,
see appendices A and B and was designed by Askew through a collaborative process
with members of the Wits Math’s Connect-Primary Project. The test items were designed
to start with more accessible items and shift into more complex items. In total, there were
16 Result unknown items, 10 Change unknown, and 2 Start unknown items. Each intervention
lesson started with a 2-minute mental warm-up exercise, that stimulated cognitive
function and conceptual understanding. Thereafter the focus of the first 4 lessons were
on addition, and the following set of 4 lessons focused on subtraction. After the
completion of each lesson, learners had to complete, a short exercise comprised of 2 to 3
items. These exercises were used as ongoing assessments of learner take up of the
concepts. After completion of the post-test, I select 6 learners from across the attainment
band, 2 strong, 2 average and 2 low-attaining learners and interviewed each of them, in
turn, to ascertain how they solved test items. The 6 interviews conducted were based on
an adapted version of the LFIN assessments schedule that served to shed light on the
learner’s strategies in solving selected test items. These interviews did not exceed 15
minutes and served to aid me in answering the third research question of the study which

was: What is the correlation between the Jump Strategies and the LFIN?
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1.5.4 Pre and post-test

Utilizing tests (pre and post-tests) as my primary research instrument aided me in
assessing whether or not the 42 grade 3 learners, on completion of the intervention, made
any gains in relation to additive reasoning. Pre and post-tests were comprised of the same
problem items and were administered to the same sample group under the same
conditions. According to the design of the research instrument part one of the test were
comprised of 20 Fluency items, and 2 minutes have been assigned to learners to complete
it. Part two of the test contained 5 Strategic Calculating items and 5 Strategic Thinking
items; learners were assigned 3 minutes to complete them. Bertram and Christiansen
(2014) assert that researchers often test learners before an intervention to ascertain their
achievement and then re-test them again after the intervention. This method shifts the
focus away from comparing learners against a norm or standard towards understanding
how they can reason in various additive situations. Cohen, Manion, and Morrison (2011)
maintain that using a pre-test before an intervention program helps identify starting

abilities and achievements in students and adds value to teaching and learning.

1.5.5 Intervention lessons

A schedule of 8 intervention lessons focusing on additive reasoning were utilized. Each
of the 8 lessons were approximately 20 minutes long spread over a 2-week period with
one lesson per day. A typical lesson was comprised of a 2-minute mental warm-up that
involves the full participation of each learner. The mental warm-up required that learners
shout out the next multiple of ten on or off the decade; it also required learners to shout
out the closest multiple of ten to any given number. It is a quick thinking and quick
responsive strategy to stimulate the learners’ thinking and reinforces conceptual
development.

Thereafter the lesson of the day was presented to the learners with the use of the board,
and learners were taken slowly through the steps of solving a given number problem. An
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example of this type of problem is 34 + 27 =[. Learners were taught the steps of working
on the empty number line as prescribed in the teacher’s manual. Upon completion of the
lesson, learners were given a sheet containing 2 to 3 number problems to solve
independently. During this exercise, I walked amongst the learners to observe and assist
them where needed. These learner sheets were collected, and learner uptake were
assessed and monitored based on their work. The first 4 lessons dealt exclusively with
addition, and the last 4 lessons dealt exclusively with subtraction problems; both
operations have increased complexity. The increase in complexity of the lessons was in
relation to the fact that lesson three of both the additive and subtraction sections included
a bridging through ten step. In addition, lesson four of addition and subtraction includes

a change unknown step.

1.5.6 Interviews

Interviews were conducted with 6 selected learners based on their overall performance
from the pre to post-test. These 6 learners were selected on the following set of criteria: 2
weak, 2 average and 2 strong performers. Cohen et al. (2011) state that interviews are
employed to follow up on unexpected test results, to validate other methods or, at times,
to delve deeper into the motivations of respondents for their reasons for responding in
the manner they have. All 6 interviews were video recorded and later employed in an in-

depth analysis to confirm or clarify misconceptions in the analysis process.

1.5.7 Data collection and analysis

The data collection tools used for this study were the pre and post-test, daily classroom
exercises based on the day's lesson, and interviews of 6 learners, as noted earlier in the
discussion and my field notes. As the interviews were video recorded, I positioned the
camera as close as possible to the learners to see what they were writing but not too close
so I can see their facial expressions and body language, as these provided insights into
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their strategy selection processes. The advantage of video recording is that it captures
everything that is taking place during the interview, and as such, it provides the
researcher with the facility to revisit aspects that are of relevance in the pursuit of the
answers sought. Another advantage is that it allows the researcher the time to make
considerable judgement calls which can be revisited at will. A weakness of video
recording is that because you deal with the greater sensory perception, you can spend
hours watching learner actions and gestures that are irrelevant to your study (Pirie, 1996).

As such, much experience in the use of video recording of interviews is essential.

The analysis process involves developing initial insights from the pre and post-tests and
classroom exercises. Thereafter interpreting learners’” work and drawing implications
from it. Parts of the video-recorded interviews were transcribed, they were read and re-
read to extract and describe initial insights to reflect on their overall meanings. Thereafter
the sample learners’ problem-solving strategies and models were analyzed and
compared using an adapted version of the Learning Framework in Number (LFIN)
developed by Wright et al. (2006). The LFIN encapsulates possible stages and levels of
number learning that young learners progress through as they develop number

knowledge.

1.5.8 Rigor

Reliability in one’s research is vital in that it ensures confidence and credibility.
Reliability is synonymous with consistency and replicability over time, instruments, and
groups of respondents (Cohen et al., 2011). However, using the test/re-test method, care
should be taken regarding the timing between the tests since situational factors may
occur, and participants may tend to remember the questions in the test (Cohen et al.,
2011). This, in addition to questions being ambiguous, unstandardized tests and
participants feeling uneasy or misinterpreting questions, could potentially affect the
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reliability of the test (Creswell, 2012). To resolve these issues, tests will be conducted two
weeks apart so that learners are not too familiar with the questions, clear instructions will

be provided, and the same questions for both tests will be used.

In terms of validity — the data itself does not ensure validity. Rather validity relies on the
relationship between the claim and the data-gathering process (Opie, 2004). To ensure
validity, I have chosen a sample group of 42 learners, which I believe is sufficient.
Additionally, the level of the tests also needs to be appropriate, non-discriminatory, non-
biased and neither too long nor short (Cohen et al., 2011). Items in the tests will also be
clearly legible and vary in cognitive demand level, including low and high number

ranges.

1.5.9 Ethical considerations

Ethical considerations for this study were that informed consent forms were given to the
participants and received back from them. A brief containing all relevant information
were given and discussed with the teacher and the participants involved in the study.
Data collected were treated with confidentiality as it will not be discussed or used outside
of the purposes of this study, and the anonymity of participants and the school will be
maintained, as different names were given to participants and the school. The teacher
and all participants received feedback on the study. Moreover, data collected will only
be utilised for the study; it will be stored in a safe location and kept in a secure cloud for

further research.

1.5.10 Limitations

Time: This study was conducted over a 2-week period, which may not be enough time to
see significant gains, making it difficult to generalize. A small-scale study cannot provide
a comprehensive understanding of the nature of additive relations. Thus, more research
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and evidence will be needed before strong claims can be made. Although this study is on
a small scale, it provided valuable insight that can provide motivation for a longitudinal

study later with the entire Foundation Phase in one school.

Small sample size: The limitation of a qualitative method is that it focuses on meaning and
experiences rather than on contextual sensitivities. Smaller sample sizes raise the issues
of generalizability to the whole research population, and the results cannot be

generalized to the larger population (Flick, 2011).

1.6 Chapter Summaries
In this section, I will show the structure of the study, and I will also provide a brief

summary of each chapter.

Chapter One:

In the introduction to the study. I lay out the following: The background to the study, I
identify the possible cause of the perceived problem of learner underperformance. The
purpose of the study, locating the study within the broader Wits Math’s Connect Primary
project research and development work and the research questions. Also, I will look at
the reasons for my selection of how to conduct the research together with the validity and

generalizability and then ethical considerations and limitation of the study.

Chapter Two:

In this chapter, I present a review of the literature in which the study is embedded.  have
selected to review literature dealing with relevant and specific aspects of additive
reasoning, jump strategies and the number line. I have furthermore selected to review
materials of theorists that have made a considerable contribution in the area of a
sequential approach to computation, although the structured approach to computation

is also acknowledged.
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Chapter Three:

This chapter discusses the two theoretical frameworks that underpin this study, which
will be a combination of Askew's (2012) three learner proficiency and the Learning
Framework in Number (LFIN) by Wright et al. (2006). For the purposes of this current
study, I will only incorporate the first three aspects of the LFIN as these aspects relates to
Additive Reasoning (AR) and exclude the fourth aspect as it relates to Multiplicative

Reasoning (MR).

Chapter Four:
This chapter presents the methodology I used to answer the research questions of the
study. I discuss the research sample, methods of data collection, validity and

generalizability, and ethical considerations.

Chapter Five:

In this chapter, I present a discussion of the finding of the analysis of the intervention on
one class and the LFIN assessment of six learners use of calculation strategies. I
furthermore reflect on the possible implications it holds for the teaching and learning of

Foundation Phase mathematics.

Chapter Six:
Contains some concluding remarks regarding the study with some recommendations for
further research and a few recommendations for the teaching and learning of Foundation

Phase mathematics.
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CHAPTER 2 - LITERATURE REVIEW

2.1 Introduction

My study focused on investigating grade three learners” additive reasoning on the empty
number line with the use of jump strategies. I have identified and selected to review
literature about the following specific aspects; firstly, I will describe Number Sense and
how to develop it, then reflect on two different approaches to computation, followed by
a reflection on additive reasoning, additive representations, and the empty number line.
I will include a reflection on mental strategies and then jump strategies. Furthermore, I
have selected to review literature produced by the advocators of a sequential approach
to computation as it fits well within the use of jump strategies on the empty number line.
Although I will foreground a sequential approach toward computation in this study, I
will also acknowledge the advocators' contribution of the structured approach to

computation.

2.2 Number Sense

Many learners do not perform well in mathematics in the Foundation Phase and in
successive grades due to a poorly developed number sense (Dyson, Jordan & Glutting,
2013). McIntosh, Reys & Reys (1992, p8) states that number sense is “... nebulous and
difficult to describe, although it is recognizable.” Therefore, although difficult to describe,
the following can be said concerning it. Number sense is the ability first to recognize and
identify numbers. It incorporates aspects of recognizing measurement and distance,
implying the ability to locate numbers on a number line in relation to other numbers.
However, it also incorporates an understanding of the size of the number that 36+30=C]
cannot equal 80. Learners where number sense is poorly developed and who do not have
the inclination to understand the size aspect of numbers will produce nonsensical
answers to number sentence questions, as indicated in figure 1 below. Furthermore, it
also includes the ability to make a ten from any combination of two single digits and the
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related ability to transfer that knowledge and number principles into the teens and higher

number range. It also carries an awareness of counting forward and backwards on and

off the decuple in tens.

Figure 1: Nonsensical answers when learners do not understand the size of numbers.

Number sense encompasses proficiency in recognizing different aspects of numbers and
incorporating that knowledge and principles into problem-solving skills. In my study, I
made some observations while generating data. Those learners who have been identified
as having a poorly developed number sense struggle to cope with the tasks of performing
the jump strategy on the empty number line. As they have not yet developed the desired
and required level of number sense that will enable them to apply themselves skillfully
when working with the jump strategy on the empty number line. As a result, due to their
inability to cope with the higher cognitive demand that is being placed on them, their
only recourse is to select a default strategy that is, unfortunately, error-prone, ineffective,
and time-consuming —resulting in learners employing elementary forms of unit counting

strategies such as the triple count strategies as reflected in figure 2 below. The triple-count
strategy is seen in the fact that the learner has a sum of 3 + 3 = [J, and the learner first

counts the first three (first count) and then counts the second three (second count) and

then counts 3 and 3 to produce the answer (third count).
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Figure 2: Low performing learner 6 depiction of a triple count strategy

As I have presented a reflection on number sense and the importance of developing a
strong number sense. I will now proceed to present a discussion on the two different

approaches to computation: the sequential and the structural.

2.3 Two Different Approaches

Additive reasoning includes both mathematical operations of addition and subtraction.
Furthermore, two broad approaches to computational work have been identified in the
literature. The first approach has been labelled as a sequential approach that is based
primarily on counting strategies. The second approach has been labelled as a structured
approach that is based on de-composing and re-composing strategies that emphasize the
relational aspect of number (Ekdahl, 2019). Each approach to computation accentuates
different philosophies of mathematics with different pedagogic practices. The purpose of
this study is to research and develop effective means of enhancing the development of
mental mathematics in young learners. As such, the purpose of this study is not to draw
a distinction between these two approaches to advocate one over the other. Moreover,
due diligence requires that all relevant aspects and facets of the issue under consideration
needs to be explored to find the strengths of both approaches and to employ these for the

academic advancement of learners. I will, therefore, first present a discussion on the
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sequential approach followed by a discussion on the structured approach towards

computation.

2.3.1 Sequential Approach

Advocators of the sequential approach (Carpenter, Hiebert & Moser, 1981; Carpenter et
al., 1999; Thompson, 1999) suggest that counting strategies are the most natural
developmental pathway along which young learners develop number knowledge.
Furthermore, they assert that young learners' counting strategies eventually develop into
calculating strategies. Ultimately, according to this perspective, the starting point for
young learners is in counting, which leads to calculating and other successive
mathematical concepts. From this perspective, counting becomes the foundation for
subsequent mathematical concepts. As such, greater care should be taken to ensure that
learners firmly grasp foundational concepts. That will ideally lead to stronger and greater

mathematical achievement in successive levels of number understanding.

2.3.2 Structured Approach

Before commencing with the reflection on a structured approach, I wanted to clarify my
use of the term structure, as much has been produced concerning this idea. As such, for
the purposes of this present study, the notion of structure fundamentally involves the
arrangement or re-arrangement of numbers to be worked with into some mathematically
appropriate relation to each other, as expressed by Venkat, Askew, Watson, & Mason
(2019). Meaning that structure can be seen in the following set of numbers 5, 5 and 25 and
that arranging them into an appropriate mathematical arrangement involves the
following 5 x 5 = 25; however, 5 x 25 is not equal to 5. As such, a structured approach to
computation emphasizes an appropriate mathematical relationship between elements.

The underlying number skills required to facilitate such an undertaking include a fluent
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understanding of the base ten number system (Venkat, Askew & Morrison, 2021) that

solving 16 + 8 = involves moving to the next multiple of 10, which is 16 + 4 =20 + 4 = 24.

The advocators of the structured approach as mentioned by Schmittau and Morris (2004)
acknowledge and appreciate the role and place of counting in young learners' number
knowledge. However, the advocators of a structured approach emphasize the
development of a structured way of thinking about number from a relationship between
quantities. They argue against a sequential counting developmental process but posit that
there are alternative methods to achieve the same goal of learner proficiencies in
mathematics. Furthermore, they assert that many young learners in the sequential
perspective develop an unhealthy over-reliance on unit counting practices and fail to
make the shifts into more efficient strategies successfully. The reality of this dilemma is
evident within the South African primary school landscape, where an unhealthy over-
reliance on counting in ones is evident, as well as an over-emphasis on unit counting by
educators that is re-enforced by pedagogic practices that place a higher premium on
counting in ones. Concerning this situation, Mason, Stephen & Watson (2009) argue that
unless young learners are encouraged to attend to structure and to engage in structural
ways of thinking about a number, they will be blocked from thinking productively and
deeply about mathematics. As such, the advocators of the structured approach place a
much higher premium on developing and cultivating a culture that emphasizes the
relational aspect of numbers instead of the sequential aspects. The part-whole relations
of number speak to a structured approach in which the constituent parts and the whole
can be composed and decomposed. Or alternatively arranged into a mathematically
appropriate relationship. Furthermore, the advocators of the structured approach posit
that a structured approach has far more significant long-term benefits for young learners

than the sequential approach.
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2.4 Additive Reasoning

Additive reasoning in young learners is the gradually increasing capacity for greater
tlexibility with numbers and quantities. As formal schooling commences, young learners’
initial capacity reasoning competencies are limited to elementary forms of perceptual unit
counting strategies. Perceptual unit counting strategies are when learners enact their
counting operations through one-to-one correspondence, and it is characterized by their
dependence on concrete forms of counting. However, as young learners progress in
Number Sense which, according to Green (2005), refers to a learner’s general
understanding of number and operations, their additive reasoning competencies will also
incorporate both counting and calculating strategies. This progression in competencies,
according to the models developed by Thompson (2000) and Carpenter et al. (1999) will
be reflected in the choice of counting and or calculating strategies young learners choose

when attempting to solve given number problems.

According to Ching & Nunes (2017) additive reasoning is a young learner’s increased
competencies to reason logically about quantities. The increased capacity to reason
logically about numbers will start to incorporate an understanding of the part-whole
relationships of quantities, which includes the two central properties of part-whole
relations that involve commutativity and inverse relations between addition and
subtraction. As such, additive reasoning at different levels of a learner’s developmental

path incorporates different elements of number knowledge.

2.5 Additive Representations

Representation is a commonly used idea in the teaching and learning of mathematics. We
have different types of representations, namely, objects, diagrams, graphs, and symbolic
representations. Due to mathematical concepts' abstract and complex nature, researchers
and educators employ representations to communicate dense mathematical concepts to
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young learners. A representation is a pedagogic device or tool used in the place of
something that is not yet understood by young learners. As such, a representation
resembles the object represented (Kami, Kirkland & Lewis, 2001). According to the
NCTM, “representations are placeholders, which allow the children to carry out and
record the intermediate steps of a task without being overwhelmed by the rest of the
problem” (NCTM, 2000). While representations might serve the means for which they
were intended, careful and systematic instruction regarding the use of these tools is
nonetheless essential. The following is not an exhaustive list of representations used in
the mathematics classroom. Pictorial diagrams (Part-Part-Whole diagrams, horizontal
number sentences, vertical (column) addition, tallies and number lines) and
manipulatives (dienes blocks and bead strings). Part-part-whole diagrams and number
lines are the two representations supporting additive reasoning that is particularly
interesting in this study. Although number lines will be foregrounded in this study, the
importance of the part-part-whole diagram is acknowledged. Both representations have
significant advantages in enhancing learner development of mental math proficiencies.
However, each of the two additive models foregrounds different computational

approaches and teaching approaches.

2.5.1 Part-Whole Diagrams

While part-whole schemas fall within the purview of this current discussion, due
diligence dictates a short reflection on the clear distinction drawn in the literature
between part-whole and part-part schemas about computational work. While part-whole
schemas represent the relationships of a part to a whole, part-part schemas represent the
relationship of two parts to each other (Singer & Resnick, 1992). In the following example,
the distinction is apparent. In a collection of 10 marbles, 6 are blue, and 4 are red. A part-
to-whole relationship is expressed by stating 6/10 blue to the whole or 4/10 red to the
whole. The part-to-part relationship is expressed as 6/4 blue to black. So, in this study,
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we will focus on the part-to-whole relationship for both addition and subtraction. Part-
whole relationships of numbers speak to the understanding that quantities can be
interpreted as being composed of other numbers where a quantity can be broken into two
or more parts (Sinnakaundan, Kulda, Hasim & Ghazali, 2016). Furthermore, part-whole
thinking is considered a significant transition from concrete to abstract thinking in
computational work Steinke (2001). Cheng (2012) noted that helping children build and
understand part-part whole relationships of number work improves their ability to solve
addition problems. According to Hunting (2003) and Sinnakaundan et al. (2016),
understanding part-part-whole relationships can enhance the concept of place value. As
such, part-whole relational knowledge and understanding holds a great advantage for
young learners. The part-part whole diagram is a rectangular bar that is used to represent

the whole and its constituent parts in picture form, as depicted in figure 3 below.

10

Figure 3: A part-part-whole diagram

Furthermore, the part-part whole diagram is grounded in a structural approach toward
computation and as such, counting in units is avoided by starting by comparing the
number relations (Ekdahl, 2019). Furthermore, the part-whole relation focuses on the
principles of decomposing and recomposing numbers (Plunkett, 1979). According to
Cheng (2012), the underlying skill that enables decomposing and composing numbers is
fluency in the number range 1-10. These fluencies should be known and recalled without
any counting involved. Moreover, this approach to computational work of decomposing
and composing numbers fits well within the 1010 approach that splits both addends into
tens and units and ends off by compressing it again at the end to arrive at an answer. The

1010 computational approach contrasts the N10 approach in which the first addend is
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kept whole, and only the second addend is split into smaller parts. An example of the
N10 approach can be seen when solving the number problem 24+35=. The first addend is
kept whole (24). Thereafter the second addend is split into tens and ones (30 and 5). In

this case, it will be 24+30=54+5, producing the answer of 59. On the other hand, an
example of the 1010 approach can be demonstrated when trying to solve 24 + 35 = 0. Both

the first and second addends are split into tens and ones (20+4) and (30+5). Thereafter the
tens are compressed (20+30), and the ones are compressed (4+5). Resulting in (50+9),
leading to the answer of 59. In this way, both addends are split into tens and ones and
are compressed again at the end to arrive at the correct answer. Moreover, in this way,
the parts are seen as making up the whole. Advocates of this approach acknowledge the
importance of counting but suggest that counting strategies are not necessarily the
natural pathway to structural thinking of numbers and that there are alternative methods
that can be used to achieve the same objective (Ekdahl, 2019). In using the jump strategy,

we apply the N10 approach to find the answer.

2.5.2 The Number Lines

The literature identifies three different types of number lines; these are structured, semi-
structured and empty number lines. From an educational perspective, the number line
has proven to be a powerful tool in teaching various mathematical concepts. These
include estimation, fractions, multiplication, measuring length, and measuring time for
giving access to possible solution strategies; it also allows the representation of numbers.
Furthermore, it is the most basic way to picture a mathematical concept as it does not
require any words (Skoumpourdi, 2010). The use of the number line foregrounds
counting, and it is furthermore considered a sequential approach to computation and fits
well within the N10 approach to number work (Ekdahl, 2019). A characteristic of the N10

approach is that the first addend is kept whole, and the second addend is split into tens
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and units to derive the answer usually enacted in jumps on the number line. An example
of the N10 approach can be seen when solving the number problem 24 + 35 = [1. The first

addend is kept whole (24) and plotted on the number line; the second addend is split into
tens and ones (30 and 5). In this case, it will be enacted on the number line, plot 24 on the
number line, then jump in 30, landing on 54, and then jump in 5, producing the answer
59. For the purposes of this study, the empty number line will be foregrounded as the

preferred representation to make sense of the additive tasks.

2.5.3 The Empty Number Line

The empty number line was first recorded in the Netherlands in the 1970s (Gravemeijer,
1994). Moreover, it is considered a powerful tool to support the development of children’s
mental strategies for addition and subtraction up to 100 Beishuizen (2001), unlike the
structured and semi-structured number lines with number markings on them. On the
empty number line, students only mark the numbers they will use for their calculations.
Gravemeijer (1994) noted three benefits of using the empty number line: its linear
representation of numbers. Secondly, its reflection is more closely intuitive mental
strategies children use, and it's the potential to foster the development of more
sophisticated strategies. Bobis and Bobis (2005) added a fourth benefit in that it can serve
as a powerful tool to enhance classroom communication, as learners can explain their
processes of solving number problems. Moreover, it also allows for observing learners'
thinking processes (Bobis, 2007). Further advantages of the empty number line, as noted
by Gray and Tall (1994), the advantages of the empty number line are that it is graphic,
gives the value of the numbers and their position relative to other numbers and, as such,

numeral recognition and identification are essential skills.
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2.6 What are mental strategies and why is it important?

Firstly, mental mathematics refers to any mathematical calculation that is performed
mentally without using a calculator, pen and paper or any other form of assistance to
complete. Mental strategies, on the other hand, refer to the ability to mentally select the
most suitable and appropriate strategy or method and thereby solve mathematical
problems mentally. Thompson (1999a) proposes the following four reasons why the
ability to perform mental mathematics is essential to the early development of young
learners. Firstly, most calculations in adult life are conducted by mental means. Secondly,
mental work develops insight into the number sense. Thirdly, mental work develops
problem-solving skills. Fourthly, mental work promotes success in later written

calculations. Above all, mental strategies should not only be effective, but they need to
be efficient. In other words, solving 5 + 6 = O can be solved by keeping 5 in one’s head

and counting in ones until you get to the answer 11. Another way could be doubling five
and adding 1 to make 11. While both strategies are effective, the doubling strategy is both

effective and efficient.

2.7 Jump Strategies

Bobis & Bobis (2005) asserts that the jump strategy is a straightforward strategy, and the
main characteristic of the strategy is that the first addend or minuend is kept whole and
the second addend or minuend is established in parts. Wright et al., (2012) described the
strategy as a sequence of jumps on a straight line, and for this reason, the jump strategy
is described as a sequential or linear approach to computation referred to in the literature
as the N10 approach. As opposed to the base ten or 1010 computational procedure in
which the numbers are decomposed into tens and ones then processed separately and

then put back together again on completion of the process (Torbeyns & Verschaffel, 2013).
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The N10 procedure is most suitable for the jump strategy on the empty number instead

of the 1010 procedure (Blote et al., 2000).

2.8 Prerequisite knowledge for working with Jumps Strategies on the Empty Number
Line

The purpose of using jump strategies on the empty number line is to enhance the
development of mental mathematics in young learners. As such to be able to make the
shifts into mental math the following set of number skills are considered prerequisite
skills for working with jump strategies on the Empty Number Line. If learners are not
well on their way to having a firm grasp on these number skills, then their ability to work
in any meaningful way on the number line will be negatively affected, this also implies
that if young learners do not possess these number skills, then they are still challenged in
understanding number as an abstract entity.

e Numeral identification

Forward Number Word Sequence (FNWS) and number word after

e Backward Number Word Sequence (BNWS) and number word before

e Have a linear understanding of number

e How to plot on an empty number line

e Place value of 10’'s and 1’s

e Making a 10 — use of a decuple

e NI10and 1010

e Bridging through ten (BTT)
Young learners need to be able to enact all these underlying number skills with the jump
strategies on the empty number line. Any limitation in these related skills will adversely

affect a learner’s ability to work successfully on the number line using the jump strategy.
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2.9 Thompson (2000) and Carpenter et al., (1999) and the advocators of the sequential
approach to computation.
My study focuses on the use of jump strategies on the empty number line, so it aligns
itself with the sequential approach toward computation. Therefore, I furthermore
selected to review the writings of two authors that are considered advocators of the
sequential approach as it will further aid me in gaining insights into the different
counting and calculating developmental stages young learners progress through. It will
also assist me in assessing where my sample size is located in terms of their levels of

proficiencies.

The two authors I selected to review are considered advocators of the sequential
approach because the following two aspects characterize their work. Firstly, according to
Ekdahl (2019), a key feature and characteristic of their work are the proposed
developmental stages young learners progress through, from least efficient to most
efficient. The emphasis is on the stages of development as being measurable. Secondly,
both authors consider counting as learners' starting point and most natural
developmental pathway. Thompson (2000) and Carpenter et al. (1999) are the two
authors. Both authors assert that learners start with counting or transition into more
efficient calculating strategies. But the shift should not be considered binary but always
in a state of flux in that although learners can use more efficient strategies, they can still
employ counting strategies when needed. The emphasis is not on an over-reliance on
counting but on the awareness of having a greater repertoire of strategies at their

disposal.

2.9.1 Thompson
Thompson (2000) formulated a set of five different counting stages: counting on from the
first number, counting on from a larger number, counting back from a given number, counting
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back to the subtrahend, and counting up from the missing number. As well as a set of eight
different calculating stages; double, facts for subtraction, near doubles for subtraction, near
doubles for addition, subtraction as the inverse of addition, bridging through ten for addition,
bridging through ten for subtraction and compensation. According to Thompson (2000), the
learner’s selection of either a particular counting or a particular calculating strategy

indicates the learner’s proficiency level in number work.

2.9.2 Carpenter et al.

On the other hand, Carpenter et al. (1999) proposed a model with three different stages;
these stages are also intended to be indicators of a learner’s fluency with number work,
which is established based on the learner’s selection of a particular counting or
calculating strategy. Carpenter et al. (1999) proposed the three-stage model: the Direct
Modelling stage, the Counting Strategies stage and the Number Facts stage. As I am
working in a grade three class, I assume that learners are well past the Direct Modeling
stage and that most of them are vacillating between stages two and three, the Counting

and Number Facts stages.

Thompson (2000) Model Carpenter et al., (1999) Model

1. Direct Modeling Stage

1. Counting on from the first number
2. Counting on from a larger number
3. Counting back from the given number 1. Counting Strategies Stage
4. Counting back from the subtrahend
5

. Counting up from the missing number

1. Doubles
2. Facts for subtraction
3. Near double facts for subtraction

4. Near double for addition 2. Number Facts Stage
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5. Subtraction as the inverse of addition
6. Bridging through ten for addition
7. Bridging through ten for subtraction

8. Compensation

Table 1: Comparison between Carpenter et al. and Thompson models

For the purposes of my study, I will keep in mind the Carpenter et al. (1999) model as
that highlights the two major strategies young learners can resort to when solving
problems. At the same time, I will remember Thompson’s (2000) model as it allows me
access to the finer nuances of the counting and calculating strategies learners can employ

when solving mathematical problems (see Table 1 above).

As can be noted from the above reflection on the two different models is that the
Thompson model does not incorporate the Direct Modeling stage as it is a perceptual
counting stage. The second observation is that in the Carpenter et al. (1999) model, stage
two relates to the five different counting strategies in the Thompson (2000) model.
Finally, that stage three of the Carpenter et al. (1999) model, which is the number facts
stage, relates to the calculating strategies of the Thompson (2000) model. As Thompson
(2000) noted, calculating strategies speak to the learner’s ability to use known number
facts, which is what the Carpenter et al. (1999) model accentuates. And lastly, although
Thompson (2000) and Carpenter et al. (1999) may be considered advocators of a
sequential approach to computation, it is noteworthy to mention that both models
incorporate the relationship aspect of number but seek to start off with counting
strategies. There is also a correlation between the two models, although different names

have been assigned to designate different stages
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2.10 Conclusion

Literature is replete in stating the absolute necessity for young learners to develop strong
number sense, as a diminished capacity causes poor mathematical performance. A
strongly developed number sense is also connected to the development of mental
mathematics in young learners. I selected to employ the sequential approach to
arithmetic, as the type of representation most suitable for the selected intervention is the
jump strategy on the empty number line. The advocators of the sequential approach
assert that counting is the most natural developmental pathway along which young
learners develop number sense. However, the advocators of the structured approach to
arithmetic in which the relational aspect of number is foregrounded in mathematics
learning in the Foundation Phase. The following chapter will discuss the selected

theoretical framework in which my study is located.

34



CHAPTER 3 - THEORETICAL FRAMEWORK

3.1 Introduction

For the purposes of this study, I selected to employ a blended approach by utilizing two
theoretical lenses. Firstly, to locate this study in the broader field of literature, I selected
to employ Askew (2012) as the first theoretical lens as Askew (2012) proposes a
mathematical proficiency model containing four proficiencies: however, for the purposes
of this study. I will only focus on three of the proficiencies, namely, fluency, problem-
solving, and reasoning. The Askew (2012) lens is a suitable lens through which these
proficiencies can be assessed and enhanced. The second theoretical lens I selected is the
Learning Framework in Number (LFIN), developed by Wright et al. (2006) as an
intervention tool for students lagging behind in mathematics. The purpose of selecting
the LFIN as a second theoretical lens is due to its applicability in assessing the finer
nuances of the sample group’s mathematical proficiencies. Although the LFIN is
comprised of four different parts, namely, (1) Stages of Early Arithmetical Learning (SEAL)
and Base Ten Thinking (2) Forward Number Word Sequence (FNWS) and Backward Number
Word Sequence (BNWS), (3) Structuring Number 1-20 and (4) Early Multiplication and
Division. For the purposes of this study, I will only incorporate the first three parts of the
LFIN as it directly bears relevance to the current study and the fourth aspects which
relates to Multiplicative Reasoning (MR) does not fall within the perimeters of the focus

of this current study.

3.2 What are mathematical proficiencies?

In mathematical terms, proficiency does not simply imply knowing the bare minimum
but speaks to an ability to move fluently and flexibly between mathematical concepts and
make connections between concepts. It is through this notion of proficiency that Cowan,
Donlan, Cole-Fletcher, Saxton and Hurry (2011) intimate that mathematical proficiency
means the accurate solution by any efficient strategy. Implying that learners considered
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proficient have access to a rich variety of mathematical strategies combined with
conceptual and procedural knowledge whereby they can select the most appropriate and
efficient strategy and execute a problem accurately. Khairanis, Sahari & Nordin (2011)
propose that mathematical proficiencies incorporate expertise, competence, knowledge,
and facility aspects. Phaniew, Junpeng & Tang (2021) intimate that mathematical
proficiency is defined as a “student’s capability to search, speculate, and think logically
in the cognitive process to comprehend how to solve a mathematical problem by using
appropriate strategies to solve problems and replicate the procedure used to solve the
problems”. From the above reflection, mathematical proficiency is a notion that is

absolutely nuanced and multi-layered, requiring a wide range of words to describe it.

3.3 How does mathematical proficiency develop?

From a practical point of view and of primary importance on how mathematical
proficiencies are developed in young learners, considering teacher content knowledge is
essential. In research conducted by Venkat and Spaull (2015) and (Venkat, Rollnick,
Loughran, & Askew, 2014). There is a strong correlation between teacher content
knowledge and the level of proficiency achieved by mathematics learners. Implying that
if teacher content knowledge of mathematical concepts is weak, it will be negatively

reflected in learners' mathematical achievements.

Furthermore, from a theoretical perspective on how mathematical proficiency develops,
I have decided to discuss three different views. The first is that of the traditional view, the
conventional wisdom view and the number sense view (Fithratu, Prihatmanto, Gitarana &
Muis 2020). Each of these views proposes slightly different developmental pathways for
mathematical proficiency development. Moreover, although each of the three views has
a different developmental pathway, they nonetheless have similar or connected elements
constituting each of them. In the traditional view, proficiency develops through rote
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memorization and practice, as solutions are stored in long-term memory. According to
Conlan et al (2011), the first use of source, long-term memory, can be challenging as
learners” mental capacities differ, and many learners have cognitive function challenges.
Furthermore, according to the traditional view, the formation of mathematical
proficiency dictates that learners' mathematical proficiencies develop in stages. This
means that only when a learner has been deemed proficient enough in one stage will they
then proceed to the next stage of development. Therefore, according to this view, one
stage of proficiency is considered necessary as a gateway into the next or higher stage of
proficiency. Meaning that mathematical proficiency was considered as a progression in

or through stages.

The conventional wisdom view posits that mathematical proficiency develops along a three-
step developmental process described as counting, decomposition and retrieval. According
to Ashcroft (1995), “retrieval refers to the direct retrieval of an answer from a store of facts
held in long-term memory”. According to this view, learners start their formal education
by counting with their fingers. They solve problems through de-composition strategies
and, lastly, through long-term retrieval of known facts. According to Hopkins & Bayliss
(2014), mathematical proficiency develops through the accurate use of retrieval and de-
composition strategies. What is common to both of these views is that both emphasize

rote memorization and practice as key to its development.

However, the Number Sense view advocated by Baroody (2006) and concurred by Cowan
(2011) proposes that mathematical proficiency results from an understanding of number
operations, patterns, and principles. According to this view, rote memorization is not
emphasized, but a conceptual understanding of number and number operations is
crucial. This approach is strongly advocated by Venkat et al. (2019) as the most efficient
manner of achieving learner proficiency, in a similar vein to advocating the development
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of strong Number Sense Askew (2012) proposes that becoming mathematically proficient
requires learners to work with all four proficiencies from the beginning and by engaging
in specific actions before even displaying complete competence in those actions. As such,
a substantial number sense is essential. According to Askew (2012), mathematical
proficiency is not the end goal but part of the entire learning trajectory. Askew (2012)
furthermore proposes that learner mathematical proficiencies develop in tandem and not
necessarily in succession as traditional views propose. The goal of the educational
enterprise and mathematics in particular, and by implication, my study, is to develop

means to enhance learners' mathematical proficiency.

By synthesizing the strengths of each of the three different views, an amalgam and
infusion of the strengths of the three approaches can potentially develop mathematical
proficiencies in young learners. Initially, all young learners commence their formal
education by counting in ones on their fingers, and educators incorporate pedagogic
practices of rote memorization of practices, as it is one of the ways that young learners
grasp early number concepts. In time, they develop a conceptual understanding of the
structure of numbers that enables them to compose and decompose numbers. In time,
they can generalize principles by transferring their knowledge to other domain areas. As
such, incorporating the strengths of all three views can develop mathematical proficiency

in young learners.

3.4 Askew’s Proficiencies

Pedagogic practices regarding mathematics teaching and learning have undergone
considerable transformations over the past 50 years. Traditional pedagogic practices
placed a high premium on rote memorization of mathematical concepts that were
reinforced by practicing a series of procedural steps. This approach toward mathematics
teaching and learning resulted in learners possessing procedural knowledge of concepts

38



but lacking conceptual understanding of why they must follow a set of pre-determined
steps. Furthermore, this approach also resulted in learners not acquiring the required
mathematical knowledge that would enable them to generalize and apply mathematical
principles that can be transferred from one learning domain to the next.

However, in the current model of mathematical pedagogic practices, there is a new focus
on developing learners' mathematical proficiencies in a balanced and holistic manner. As
such, while traditional approaches focus on procedural knowledge as an essential
proficiency, current models focus on enhancing all possible proficiencies. As such,
researchers developed various models to describe the inner mechanisms of young
learners' developmental processes in developing mathematical proficiencies. There has
also been a wide range of ideas regarding assessing the notion of mathematical
proficiency, especially in the face of the current downward trend of learner performance

as intervention programs and remedial work must be undertaken.

Within this rich maze of literature, various models have been developed and proposed
regarding mathematical proficiencies. The most well-known and used model was
proposed by Kilpatrick, Swafford & Findel (2001), who proposed a model of five strands
of interwoven and interdependent mathematical proficiencies: conceptual
understanding, procedural fluency, strategic competence, adaptive reasoning, and
productive disposition. Furthermore, in a similar vein, in a study conducted in Thailand
researchers develop a model that can identify and assess the development of learner
mathematical proficiencies in geometry research conducted in Thailand (Phaniew,
Junpeng & Tang 2021). Researchers employed a model developed by Junpeng, Krotha,
Chanayota, Tang, and Wilson (2019) that contains five proficiency levels, namely non-
response/irrelevance, unrecalled memory, basic memory and basic memory and
reproduction, simple skills and concept, and strategic/extended thinking. While the
above two models indicate the complexity of trying to propose models whereby learner
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mathematical proficiencies can be assessed, I have selected to use the Askew (2012) model
for this current study.

I'have decided to draw on the Askew (2012) model for the purposes of this current study,
for the following reasons. Firstly, much of the research undertaken by Askew (2012) has
been formulated and developed with the unique challenges of the South African
education landscape in mind. The implications are that the Askew (2012) model has been
contextualized to fit the specific needs of the challenges within the South African context.
Secondly, the two-week Mental Starters Assessment Project (MSAP) intervention
program used in this study, as well as the assessment tools for the intervention was
developed by Askew in collaboration with researchers from the University of
Witwatersrand, Rhodes University, Department of Basic Education (DBE) and Provincial
Education Departments (Venkat, Graven, Morrison, Vale, Askew, Bowie, Westaway,
Chikiwa, Hlokonya, Chetty and Mathebe, 2021). The implications are that the MSAP
intervention program, along with the assessment tools with its particular focus on the
three types of calculation strategies of Fluency, Strategic Calculations and Strategic Thinking,
was formulated and developed by the same team members that worked on the
formulation of the intervention program. Lastly, the MSAP intervention program has
been tried and re-evaluated through numerous iterations. I will use the approach set up

in the MSAP intervention to underpin my study.

The Askew (2012) model for mathematic proficiency contains four proficiencies: fluency,
reasoning, problem-solving and understanding. According to Askew (2012), Fluency refers to
a learner’s knowledge of procedures, implying the capacity to know when and how to
employ suitable and appropriate procedures with flexibility and accuracy. According to
Askew (2012), this descriptor of fluency incorporates elements of using retrieval
strategies acquired through rote memorization and practice. Fluency also speaks to the
ability to instantly provide answers to problems. Reasoning refers to learners’ capacity to
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think logically, reflect on their thoughts, and then explain and justify their reasoning
about the perceived relationships between mathematical concepts (Askew, 2012).
Problem-solving refers to strategic competence, which entails the ability to formulate
mathematical problems and then represent them with suitable and appropriate strategies
and by solving them accurately (Askew, 2012). Understanding involves the construction
of complete and whole mathematics knowledge forms by which the learner can adapt
and transfer mathematics principles and thereby make connections between related
mathematical concepts; furthermore, it refers to applying previous knowledge to develop
new ideas. In addition, Askew (2012) proposes that the fourth proficiency of

Understanding should be seen as the outcome of doing the other three proficiencies.

The abovementioned reflection discusses each of the four-proficiency proposed by
Askew (2012). In the following section, I will reflect on the correlation between the Askew
(2012) model and my study in which I utilized the (MSAP) tool to collect data. Moreover,
in this way, I will be able to present the applicability of the Askew (2012) model in
conjunction with the assessment tool used in my study and how aspects of the theoretical

lens inform the assessment tool to provide in-depth insights into learners' proficiencies.

3.5 Correlating Askew’s model with the MSAP intervention tool

For the purposes of this study, the above-mentioned reflection on the four proficiencies
as proposed by Askew (2012) has been translated into three different types of calculation
strategies in the pre-intervention assessment and post-intervention assessment that have
been employed in this study (see Table 2 below). The three different types of calculation
strategies are Fluency/Rapid Recall, Strategic Calculating and Strategic Thinking (Venkat et
al., 2019). The first proficiency of Fluency/Rapid Recall according to the Askew (2012)
model, the first proficiency of Fluency/Rapid Recall correlates to the first calculation
strategy in the pre and post-test items, Fluency/Rapid Recall (Venkat et al., 2021). The
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second proficiency of the Askew (2012) model, which is Problem-Solving, correlates to
the second calculation strategy of the pre and post-test items, which is Strategic
Calculations (Venkat et al., 2021). The third proficiencies in the Askew (2012) model of
Reasoning correlate to the third calculation strategy of the pre and post-test items, which

is Strategic Thinking (Venkat et al., 2021).

Askew (2012) Proficiency Model Types of calculation strategies in the (MSAP) pre

and post-test items

Fluency Fluency
Problem Solving Strategic calculations
Reasoning Strategic thinking

Table 2: Correlation between the Askew (2012) Model and the MSAP Assessment Tool (Venkat et al, 2012)

An inference based on this proposal is that learners should be able to display consistent
strength throughout different types of problems, ranging from relatively easy to complex
problem types. However, although these four proficiencies are deemed to develop in
tandem, observation during the data collection process indicated that learners that are
weak with Fluency items are, in turn, weak in Strategic Calculations items and even much
weaker in Strategic Thinking items. So, for the purposes of this research, I will focus only
on Fluency, Strategic Calculations and Strategic thinking. This observation will be

discussed at length in the following chapter.

In the above section, I have presented a reflection on the four proficiencies proposed by
Askew (2012), with a particular emphasis on three of the proficiencies. I have also
included a reflection on some of the relevant aspects regarding the notion of proficiency.

In the following section, I will discuss the second theoretical lens of the LFIN.
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3.6 Learning Framework in Number (LFIN) framework

The Learning Framework in Number (LFIN) was developed by Wright et al. (2006) as a
mathematics recovery program for learners that were lagging behind in the mathematics
classroom. However, the LFIN is organized into four main parts: Part A — the Stages of
Early Arithmetical Learning (SEAL) and Base-ten Arithmetical Strategies. Part B —
Forward Number Word (FNW) and Backward Number Word (BNW) sequencing and
Numeral Identification. Part C — which is Structuring Number 1-20. Part D — early
multiplication and division. However, for the purposes of the current study, I will only
employ Parts A, B and C to establish the finer nuances of learner levels of calculation
strategies (see Table 3 below). I will furthermore not incorporate Part D as it pertains to
multiplicative reasoning and bears no relevance to the current study. The LFIN and the

following elements of the framework are of particular relevance to my study:

Part A Part B Part C

Stages of Early Arithmetical | Forward number word sequence and | Structuring number 1 - 20

Learning (SEAL) number word after

Base ten arithmetical strategies Backward number word sequence and

number word before

Numeral identification

Table 3: Part A, B and C of the LFIN.

3.6.1 Part A: Stages of Early Arithmetical Learning (SEAL) and Base-Ten Arithmetical

Strategies

Part A of the LFIN contains two primary essential aspects for my study —the Stages of
Early Arithmetical Learning (see table 4 below) and the Base-Ten Arithmetical Strategies
(see table 4 below). The SEAL sets forth the six progressive stages young learners progress

through as their proficiency in number-related work progress.
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Part A
Early Arithmetical Strategies
Base-ten Arithmetical Strategies

SEAL Stages:
0 - Emergent Counting
1 - Perceptual Counting
2 - Figurative Counting
3 - Initial Number Sequence
4 - Intermediate Number Sequence
5 - Facile Number Sequence

Levels:
Base-Ten Arithmetical Strategies
1 - Initial Concepts of Ten
2 - Intermediate Concept of Ten
3 - Facile Concept of Ten

Table 4: SEAL stages and Base-ten levels

The model within this aspect of the LFIN is divided into six strategies, and selecting a
particular strategy indicates the learner’s level of proficiency. The six stages within the
model are Emergent Counting, Perceptual Counting, Figurative Counting, Initial Number
Sequence, Intermediate Number Sequence and Facile Number Sequence (Wright et al., 2006).
Emergent Counting is when learners cannot count visible items or they cannot connect
numbers words with items. Perceptual Counting is when learners can only count items
they can touch as they cannot count screened items. Figurative Counting is when a
learners will count from one every time. Initial Number Sequence is when learners can
use count on strategies instead of count from one every time. Intermediate Number
Sequence this learner can use countdown to strategies to solve problem items. And Facile
Number Sequence is when learners use none-count-by-one strategies to solve problem
and they can select the most efficient calculating strategies. At the same time, young

learners develop fluency in their counting strategies and develop into Stages 4 and 5 of
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the SEAL; they also begin to understand the Base-Ten Arithmetical system, in that they
begin to see ten as constituted of ten ones. Moreover, as they begin to develop base-ten
understanding, their counting strategies improves drastically. In the Base-ten,
arithmetical aspect of the LFIN, there is a three-stage model of learner understanding.
These three stages are the Initial Concept of Ten, the Intermediate Concept of Ten and the Facile
Concept of Ten (Wright et al., 2006). The Initial Concept of Ten is when a learner cannot see
ten as a unit of any kind and focuses on the items that comprise a ten. The Intermediate
Concept of Ten is when a learner sees ten as a unit comprised of ten ones, but it is still
dependent on materials to solve problem items. The facile Concept of Ten is when a learner

can solve Additive Reasoning problems without using materials or representations.

3.6.2 Part B: Forward Number Word Sequence and Number Word After/Backward
Number Word Sequence and Number Word Before/Numeral Identification and

Recognition

Within Part — B of the LFIN, three aspects are of primary importance, and each of these
aspects will be reflected upon in turn. The first two aspects of the LFIN are the Forward
Number Word Sequence (FNWS) and Number Word After and the Backward Number
Word Sequence (BNWS) and Number Word Before. Each of these two aspects of Part — B
of the LFIN has been divided into models containing six learner proficiency levels. These
are the Emergent FNWS or BNWS, Initial FNWS or BNWS up to ten, Intermediate FNWS
or BNWS up to ten, Facile with FNWS or BNWS up to ten, Facile with FNWS or BNWS
up to thirty and lastly, Facile with FNWS or BNWS up to one hundred (Wright et al.,
2006). The third aspect of Part — B is Numeral Identification. I think it is best to clarify and
draw a distinction between numeral identification and numeral recognition, as these two

terms have to be used with precision.
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According to Young-Loveridge (2011), numerals are the labels we use to identify and
distinguish different quantities. Furthermore, according to Wright et al. (2006), numeral
identification speaks to a learner’s ability to state the name of a displayed numeral.
Numeral recognition, on the other hand, according to Wright et al. (2006), is a learner’s
ability to select a named numeral from a randomly arranged group of displayed
numerals. As such, numeral recognition and identification are essential abilities young
learners have to acquire early on in their learning trajectories, as without them, they will
not be able to function mathematically. These numeral recognition and identification
skills are developed as learners are exposed to ever-increasing number ranges. Only

through practice and social interaction can these complex concepts be mastered.

3.6.3 Part — C Structuring Number 1-20

As young learners commence their formal education, they initially employ count-by-one
strategies to solve problems. Later on, they develop more effective and more efficient
calculating strategies. This includes recognizing and understanding that 5 + 6 = 11. They
can know that 5+ 5 =10+ 1 = 11. Meaning that they are beginning to see the structure of
numbers. According to Wright et al. (2012), structuring number relates to learners seeing
that numbers are constructed of smaller parts, and by organizing these numbers in
accessible ways, they can solve problems easier. When learners have the ability to see that
numbers are constituted of smaller parts, they will no longer need to count in ones, as
they will see combinations of numbers and relate that knowledge to other knowledge
forms to solve problems. With this ability, learners can see the part-whole construction
of numbers, which is a major developmental step for them. Learners who do not have
this ability are greatly handicapped, as they will continue to use counting in one's
strategies to solve mathematical problems.

3.6.4 Correlation between demarcation for the MSAP and LFIN
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In the above sections, I have discussed the correlation between Askew's (2012) four
proficiencies and the MSAP calculating strategies employed for this study. In the
following section, I will reflect on the correlation between the demarcations between the
MSAP and the LFIN. For the purposes of this study and mainly due to the knowledge
gaps between learners in this study, I decided to use the following demarcations for the
MSAP as I established the criteria for the three attainment bands. For learners that
demonstrated -30% to 0% shifts as low-performing learners, for learners that
demonstrated 3% to 13% shifts as average-performing learners (see Appendix U). And
learners that demonstrated 20% to 33% shifts as strong-performing learners. For the
LFIN, I established the following criteria: learners located on SEAL stages 1 and 2 were
classified as low performing. Learners in SEAL stage 3 are average-performing learners,
and learners in SEAL stages 4 and 5 are strong-performing learners, as depicted in table

5 below.

MSAP LFIN
20% to 33% - strong shifts SEAL Stages 4 and 5
3% to 13% - average shifts SEAL Stage 3
-30% to 0% - low shifts SEAL Stages 1 and 2

Table 5: Correlation of demarcations between the MSAP and the LFIN

3.7 Conclusion

In this chapter, I have first presented a reflection on the Askew (2012) model that contains
four proficiencies, namely Fluency, Reasoning, Problem Solving and Understanding;
however, for the purposes of this study, I will not include the proficiency of
Understanding. Thereafter I have included a reflection on the pre and post-tests in which
the three proficiencies have been translated into three types of calculations, namely

Fluency, Strategic Calculations and Strategic Thinking, through which learner mathematical
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proficiencies are assessed. Along with that reflection, I have also included a reflection on
mathematical proficiencies and how they develop in young learners. Thereafter I
presented a reflection on the LFIN as the second theoretical lens that will enable me to
focus more on the finer nuances of leaner proficiencies. Lastly, I showed how I matched
the outcomes from the MSAP tests and the assessment of individual learners'
performance on the LFIN. In the following section, I will discuss the proposed

methodology for this study.
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CHAPTER 4 - METHODOLOGY

4.1 Introduction

In this chapter, I describe the ways and methods of data collection and analysis. I will
first examine my choice for employing a non-traditional mixed methods approach and
what it means for this study. Thereafter I will discuss aspects of the target population, the
research instrument of a pre and post-test as well as a reflection on the ethical

considerations that include rigor validity and the limitations of the study.

4.2 Non-Traditional Mixed methods approach

The first part of the collection and analysis is quantitative, and the second part of the
collection and analysis is qualitative. I employed the two methods in the same study as
mixed methods approach, combining and integrating quantitative and qualitative
methods. Whilst I use these two methods, I use them in a non — traditional sense, as I am
using the numbers to shed light on the qualitative aspect of the study George (2023). The
integration of both methodologies in the same study is not simply the collection of
quantitative and qualitative data, but more so, it is an indication that somewhere along
the line, research data will be integrated and mixed to bring the researcher closer to the
research problem which is under consideration (Creswell, Fetter & Ivankova, 2004).
According to Creswell (2012) and Creswell et al. (2004), the purpose of a mixed methods
approach is to provide the researcher with a better understanding of the research problem
than either approach on its own. Furthermore, for the purposes of this study, integrating
both methodologies call for the collection and analysis of quantitative data and then the
collection and analysis of qualitative data sequentially (Stange, Miller, Crabtree,
O’Conner & Zyzansky, 1994). Therefore, in this present study, as a non-traditional
approach to mixed methods, I will use the numbers from the pre-test and post-test to
shed light on the learners' performance of the different types of calculations. I will first
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apply quantitative methods in the collection and analysis of data. I also make use of
number within my LFIN assessment schedule to determine the level of strategic
calculations of learners. Based on the numbers' findings, I will apply a qualitative lens to
look at the data set, which will be analyzed to bring me close to understanding and

answering my research questions.

Although I am using a non- traditional mixed methods approach the disadvantages of a
mixed method paradigm is still applicable. A perceived disadvantage of the mixed
methods approach is that it requires more work and, thus, more time and, in some
instances, more significant financial input (Creswell et al., 2007). Another disadvantage
is that the researcher has to acquire the necessary skill and experience to employ both
approaches. However, the advantage is that the researcher can use the results of one
method to help develop the use of the second method (Greene, Caracelli & Graham,
1989).

In the first phase of my study, which is the quantitative phase, I administered a pre-test
(see Appendices A and B) on 42 grade 3 learners, followed by a schedule of 8 intervention
lessons (see Appendices C to ]J) over a 2-week period, which was followed by the
administration of a post-test. Pre- and post-test (see appendices A and B) will comprise
the same test items. Based on the findings of the quantitative approach, after the
completion of the two interventions, I proceeded with the second phase of data collecting,
in which I proceeded to select six learners, two learners from each attainment band, two
strong, two average and two low performing learners on whom I conducted 15- minute
interviews based on selected items extracted from the pre and post-test. As such, the
quantitative methods fed into the qualitative methods, which afford me the opportunity
to gain better insights into the finer nuances of the phenomena I was seeking to

investigate, which was grade three learner’s additive reasoning strategies after an
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intervention that sought to enhance the development of mental math calculations and

identify them on the LFIN test.

Figure 4: MSAP Pre and Post-Test

Figure 5: MSAP Lesson 1
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4.3 Research Design

My study utilized both experimental and exploratory styles of research. It is exploratory
in that it sought to gain new insights into the phenomenon under consideration (Akhtar,
2016). And it was experimental in that it sought to test a causal relationship under
controlled situations. It should be noted that an experiment is an observation that takes
place under controlled conditions. It can also be further stated that an experimental
design necessitates that some of the variables that are being studied are manipulated.
Seeing that the experiment is taking place under controlled conditions it meant that for
reliability and neutrality the conditions should not be allowed to change while the
experiment is taking place (Akhtar, 2016). This chosen design aided me in determining if
the intervention on the enhancement of grade three learners” mental math proficiencies
enhanced the conceptual development of the mathematical concept of additive reasoning

and also to evaluate if learners developed fluency in their mental mathematics ability.

4.4 Target Population

Sampling in field research involves the selection of a research site, people, time and
events (Burgess, 1982). The selected participants for my study are from one class of grade
3 learners comprised of 20 girls and 22 boys between the ages of 8-10 years old in a
formerly disadvantaged Quintile 1 school located in the South of Johannesburg. The
Minister of Education has identified quintile 1 schools as the poorest in a region and
Quintile 5 as the least poor. The school is situated in a low socio-economic context with
several social challenges. Because I employed a blended approach in a sequential manner,
starting with quantitative and then qualitative methodology, it speaks to the fact that I
used non-probability sampling methods. Non-probability sampling methods, according
to Honigmann (1982), are the logical methods for qualitative research as long as the
investigator expects mainly to use his data to answer qualitative problems, such as
discovering what is occurring and the implications of what is occurring and not to answer
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how much or how often questions. I will not use my findings to generalize the phenomena
over a broader population, as with probability sampling. The language of instruction at
the school is English, and the test was also conducted in English. A large percentage of
the learners are from bilingual homes in which English and Afrikaans are the preferred
languages. While a smaller percentage of learners” home language is other than English
or Afrikaans, they were comfortable conducting the test in English. I have selected grade
3 asitis the final year of the Foundation Phase in which South African learners, according
to the CAPS document, are expected and required to make the necessary shifts from
concrete forms of counting into more efficient and effective calculating
strategies”...learners need to exit the Foundation Phase with a secure number sense and
operational fluency...Foundation Phase Mathematics forges the link between the child’s pre-school
life...on the one hand, and the abstract mathematics of the later grades on the other hand.” (DBE,
2011:12). I have furthermore also selected grade 3 as it fits well with my interest in

Foundation Phase school mathematics.

4.5 Research Instrument

The selected research instrument for this study was a pre, and post-test, a schedule of 8
intervention lessons and 6 interviews that was conducted on completion of the
intervention, and these were video recorded for further analysis. Furthermore, the
research instrument comprises a combination of 15 addition and 15 subtraction items in
the mid to high number range. The representations employed in the research instrument
are number sentences, part-part-whole diagrams, and unstructured number lines.
Appendices A and B were developed and designed through a collaborative process by
Wits Math’s Connect-Primary Project members. Each intervention lesson starts with a
five-minute mental warm-up exercise, stimulating cognitive function and conceptual
understanding. The initial 4 lessons focused on addition, and the subsequent set of 4
lessons focused on subtraction. Each lesson was developed to progress from easy to more
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complex. After the completion of each lesson, learners had to complete a short exercise
comprised of two to three items. These exercises were used as ongoing assessments of
learner take up of the concepts. After completion of the post-test, I selected 6 learners
across the attainment band, 2 strong, 2 average and 2 low-attaining learners and
interviewed each of them, in turn, to ascertain their reasoning when solving test items.
The 6 interviews were based on an adapted version of the LFIN interview schedule (see
Appendices M to P), which shed light on the learner’s reasoning in solving the selected
problem items. These interviews did not exceed 15 minutes and served to aid me in

answering the third research question of my study.

4.6 Pre and Post-Test

Utilizing tests (pre and post-tests) as my primary research instrument aided me in
assessing whether or not the 42 grade 3 learners, on completion of the intervention, made
any gains in relation to additive reasoning. Both pre and post-tests was comprised of the
same problem items and were administered to the same sample group. Bertram and
Christiansen (2014) assert that researchers often test learners before an intervention to
ascertain their achievement and then re-test them again after the intervention. This
method shifts the focus away from comparing learners against a norm or standard
towards understanding how they can reason in various additive situations. Cohen,
Manion, and Morrison (2011) maintain that using a pre-test before an intervention
program helps identify starting abilities and achievements in students and adds value to

teaching and learning.

4.7 Intervention Lessons

A schedule of 8 intervention lessons focusing on additive reasoning were utilized (see
Appendices C to ]). Each of the 8 lessons were approximately 20 minutes long, spread
over a 2-week period with 1 lesson per day. A typical lesson comprises a 2 -minute mental
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warm-up that involved the full participation of each learner. The mental warm-up
requires that learners shout out the next multiple of 10 on or off the decade; it also
required learners to shout out the closest multiple of 10 to any given number. It is a quick-
thinking and quickly responsive strategy that stimulates learners’ thinking and reinforces
conceptual development. Thereafter the lesson of the day was presented to the learners

with the use of the board, and learners were taken slowly through the steps of solving a
given number problem. An example of this type of problem is 34 + 27 = 0. Learners were

taught the steps of working on the empty number line as prescribed in the teacher’s
manual. Upon completion of the lesson, learners were given a sheet containing 2 to 3
number problems to solve independently. During this exercise, I walked amongst the
learners to observe and assist them where needed. These sheets were collected, and
learner uptake of concepts were assessed based on their work. The first four lessons dealt
exclusively with addition, and the last 4 lessons dealt exclusively with subtraction

problems, both with increased complexity.

4.8 Data Collection and Analysis

Before the commencement of data collection, I met with the school principal, the grade 3
teacher and the 42 learners explaining my research and the process to be undertaken.
And having gained informed formal consent from the Gauteng Department of Education
(GDE), the school principal, the teacher, the learners, and the parents, I commenced the
data collection process. This study's primary and central data collection tool was a
structured instrument (pre-test and post-test see figure 6 below). administered face-to-
face. The pre-test was administered on the first day of the 2-week intervention to establish
a baseline of the learner’s levels of fluency. On completing the 2-week intervention that
focused on enhancing mental math, I administered the post-test, which comprised the

same test items as in the pre-test. This part of the data collection describes the quantitative
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aspects of my study, as its purpose was to establish if a class of grade 3 learners made
any gains after a 2-week intervention on the development of mental math. This data was
entered into an excel spreadsheet for data analysis to generate learner shifts from pre to
post-test (see figure Q). The second part of the data collection process is the qualitative
approach that was based on the findings of the analysis gained from the quantitative
aspect of the study. In the second part of the data collection process, to fit the rationale
for my study, I selected 6 learners from the sample of 42 to conduct open-ended semi-
structured interviews employing an adapted version of the LFIN interview schedule (see
tigure 7 below) to ascertain grade 3 learners reasoning when attempting to solve additive
reasoning problems as well as gain insight into the strategies they selected when
attempting to solve these test items. The 6 learners were selected based on the following
criteria: 2 strong, 2 average and 2 low-performing learners. These 6 interviews were
videotaped for subsequent analysis. Part of the data collected in the study that supported
my initial findings was the daily individual classroom exercises learners had to do after

each lesson each day.
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Figure 6: Learner 6 MSAP Pre-test data collection tool

As the interviews were video recorded, I positioned the camera as close as possible to the
learners to see what they were writing but not too close so I could see their facial
expressions and body language, as these body gestures could potentially provide
valuable insights into their reasoning and strategy selection processes. The advantage of
video recording was that it captured every detail that is taking place during the interview,
and as such, it provided me with a facility to revisit aspects that were of relevance in the
pursuit of the answers sought. Another advantage is that it allows the researcher the time
to make considerable judgement calls which can be revisited at will. A weakness of video
recording is that because you deal with the greater sensory perception, you can spend
hours watching learner actions and gestures that have little relevance to your study (Pirie,

1996). As such, much experience in the use of video recording of interviews is essential.
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The data analysis process for the quantitative part of the study involved marking and
establishing who the strong, average, and low-performing students were.

Analyzing the qualitative aspects of the data involves developing initial insights from the
pre and post-tests and classroom exercises. Thereafter interpreting learners” work and
drawing implications from it. Parts of the video-recorded interviews was transcribed, in
order to extract and describe initial insights on their overall meanings. Thereafter the
sample learners’ problem-solving strategies and models were analyzed and compared
using the Learning Framework in Number (LFIN) by Wright et al. (2006). The LFIN
encapsulates possible stages and levels of number learning that young learners progress

through as they develop number knowledge, as discussed in Chapter 3.

Figure 7: LFIN interview schedule of learner 21
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4.9 Rigor

tal in that it ensures confidence and credibility.

is vi

Reliability in one’s research

Reliability is synonymous with consistency and replicability over time (Lowhorn, 2007 &

Cohen et al., 2011). However, using the test/re-test method, care should be taken
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regarding the timing between the tests since situational factors may occur, and
participants may tend to remember the questions in the test (Cohen et al., 2011). This, in
addition to questions being ambiguous, unstandardized tests and participants feeling
uneasy or misinterpreting questions, could potentially affect the reliability of the test
(Creswell, 2012). To resolve these issues, tests will be conducted two weeks apart so that
learners are not too familiar with the questions; clear instructions will be provided, and

the same questions for both tests will be used.

In terms of validity — the data itself does not ensure validity. Rather validity relies on the
relationship between the claim and the data-gathering process (Opie, 2004). To ensure
validity, I have chosen a sample group of forty-two grade three learners, which I believe
is sufficient. Additionally, the level of the tests also needs to be appropriate, non-
discriminatory, non-biased and neither too long nor short (Cohen et al., 2011). Items in
the tests will also be clearly legible and vary in cognitive demand level, including low

and high number ranges.

410 Ethical Considerations

The ethical processes were followed, and ethics clearance was granted for my study
before I entered the school (see appendices R, S, T and U). Ethical considerations for this
study are that informed written consent forms were given to the participants (principal,
parents and learners) and received back from them. A brief containing all relevant
information were given and discussed with the teacher and the participants involved in
the study. Data collected were treated with confidentiality and will not be discussed or
used outside of the purposes of this study, and the anonymity of participants and the
school were maintained, as different names will be given to participants and the school.

The teacher and all participants received feedback on the study. Moreover, data collected
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was only utilised for the study; it was stored in a safe location and kept in a secure cloud

for further research.

411 Limitations

Time: Part of the study was conducted over a 2-week period, which may not be considered
sufficient time to see significant gains, making it difficult to generalize. A comprehensive
understanding of the nature of additive relations cannot be made from a small-scale
study; thus, more research and evidence will be needed before strong claims can be made.
Although this study is on a small scale, it can provide valuable insight that can provide
motivation for a longitudinal study later on with the entire Foundation Phase in one
school. Small sample size: The limitation of a qualitative method is that it focuses on
meaning and experiences rather than on contextual sensitivities. Smaller sample sizes
raise the issues of generalizability to the whole research population, and the results

cannot be generalized to the larger population (Flick, 2011).

4.12 Conclusion

In this chapter, I have provided a description of the proposed research design for this
study, along with the reasons for this choice. I have also described the target population
and the reasons for selecting this sample group. Furthermore, I have included a
description of the research instrument, the data collection process, and the data analysis.
The chapter concluded with a discussion of some of the ethical considerations and the
limitations thereof. In the following chapter, I will present the findings of the analysis of
the data. The process of presenting the findings will be conducted in the following
manner. [ will first present the findings of the MSAP intervention, thereafter, the findings
of the LFIN and the placement of the six learners on the SEAL stages. I will conclude

with a reflection on the correlation between the two assessments.
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CHAPTER 5 - FINDINGS AND ANALYSIS

5.1 Introduction

The process of presenting the findings and reflecting on the analysis of the study will be
conducted in the following manner. I will first present the findings of the analysis of the
quantitative aspects of the study, which will focus on the MSAP intervention using the
Jump Strategies. Thereafter I will present the findings of the analysis of the qualitative
aspects of the study, which will focus on the LFIN and the assignment of the 6 selected
learners into the 5 different SEAL stages. An analysis of the relationship between the
MSAP intervention and the LFIN will follow. The presentation of the findings and
analysis thereof will respond to the three research questions that are under consideration

in this study. The three research questions I will endeavor to answer are:

1. What were, if possible, the shifts from pre to post-test when using the MSAP (Jump
Strategy) interventions?

2. What was the profile of the 6 selected learners after the LFIN interview was administered
on them?

3. What is the correlation between the MSAP (Jump Strategies) and the LFIN, if any?

In presenting the findings of the quantitative analysis, the following should be noted.
Firstly, of the original sample size of 42 learners, I could only match the pre- to post-data
of 35 learners, as 7 learners were absent either on the day of administering the pre or the
post-test. Secondly, of the 30 items in the test, there is an even balance of 15 addition and

15 subtraction tasks.

5.2 Research questions:
5.2.1 Research Question 1: What were, if possible, the shifts from pre to post-test when using the
MSAP (Jump Strategy) interventions?
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I will present the findings of the analysis of the MSAP intervention in the following
manner firstly, of learner gains from pre to post-test; secondly, of gains made across the
three proficiencies; thirdly, the top eight performing learners; fourthly, the thirteen
lowest-performing learners and lastly of overall gains made from pre to post-test. I will

conclude by presenting a summary of the findings.

Overall gains from pre to post-test
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Figure 10: Overall gains from pre to post-test

Figure 10 above examines the overall gains made from the pre to post-test. We have the
pre-and post-test results on the horizontal axis and the average percentage gains on the
vertical axis. The pre-test showed that the learners had achieved a 60% average. After
eight intervention lessons, learners were given a post-test. The post-test results were 80
%. Firstly, the learner gains analysis findings indicate an overall average improvement of
20 % in learner performance from pre to post-test. Furthermore, these overall average

gains of 20% in learner performance can further be broken down into the three types of

63



calculations the MSAP intends to assess: Fluencies, Strategic Calculations and Strategic

Thinking (Askew, 2012).

Shifts across 3 types of calculations
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Figure 11: Learner average gains made across the 3 types of calculations.

In figure 11 above, we can see learner gains across two types of calculation categories. On
the horizontal axis, we see the three calculation types with their performance depicted
and the average percentage gains on the vertical axis. In the Fluencies (Questions 1 to 20)
category, there was an overall learner increase of 12% from 28% to 40%% from pre to
post-test, which is the category with the most gains made by learners. In the Strategic
Calculations category, there was a decrease of 3% from 23% to 21% from pre to post-test.
This finding confirms the work of Graven and Venkat (2018). In most of their samples,
they noticed that learners increased with Fluencies while decreasing in performance in
Strategic Calculating and Strategic Thinking (Questions 21 -30). However, in this study,
learner performance increased in the Strategic Thinking category by 4% from 0% to 4%

from pre to post, and this finding is different to the work of Graven and Venkat (2018).
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The decrease in learner performance in Strategic Calculating is understandable as it is

considered more difficult for learners.

Top 8 learners from pre to post-test
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Figure 12: Top 8 learners’ gains from pre to post-test.

Furthermore, in figure 12 above, the top 8 performing learners demonstrated small to
significant improvement between pre to post-test. The average percentages are on the
vertical axis, and the 8 top performing learners are on the horizontal axis. Learners 9,16,
and 8 improved each by 33% from pre to post-test. While learners 37 and 17 each
demonstrated improvements of 23%. Learners 38, 2 and 33 demonstrated the lowest
improvement of 13% from the learners in the top-performing band. For this project,

learners 9, 16 and 8 made the most significant gains from the pre to post-test.
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Figure 13: Thirteen lowest performing learners from pre to post-test

In figure 13 above, we have the thirteen lowest-performing learners on the horizontal
axis; we have the average percentages on the vertical axis. The thirteen lowest-
performing learners demonstrated no shifts from the pre-test to the post-test (Learners
13,31,40) or decreased from pre-test to post-test (Learners 27,34,39,23,42,6,18,28,29,15).
What came into focus for me was that the learners with the lowest gains were learners

28,29 and 15.

Although findings of the analysis indicate an overall improvement of 20% in learner
performance from pre to post-test, the following anomalies were also noted. Firstly, 3 test
items (15, 29 and 30) showed no improvement or decline in learner performance from pre
to post-test. Two of the test items are equivalence problems (item 29. 61-32=61-L}2 and
item 30. 7, -[~74-20-5), and an analysis of the data indicates that the majority of the
learners did not attempt to solve these two items, and those that did attempt got it

incorrect. According to Carpenter, Franke & Levi, (2003) and McNeil (2014),
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mathematical equivalence is needed for success in algebra, and many children have
trouble understanding it (Baroody & Ginsburg, 1983; Falkner, Levi & Carpenter, 1999).

Furthermore, it also indicates that learners demonstrated an average ability in their pre-
test results in solving items 1, 2, 4 and 21, with slight declines in their post-test results.
These four items are all addition result unknown (12 + 24 = o) problem types in the low to
a high number range, and the findings of this study indicate that of the three different
types (result unknown, change unknown and start unknown) of addition problems result
unknown is the least challenging for young learners to solve. As such, these study findings

correlate with the findings in the international literature (Olkun, & Toluk, 2002).

Whereas findings furthermore indicate that in items 23 and 25, learners demonstrated
very low ability in their pre-test results with slight declines in their post-results. Item 25
also adds umnknown problem types in the mid to high number range. Learners
demonstrated a better ability in solving it when compared to item 23, which is of a
different sub-type of an addition problem. Item 23 is an addition change unknown problem
with three numbers to be added instead of two as with the other problem types. And as
a result, learners demonstrated a very low ability in their pre and post-test results. These
findings also agree with international literature that change unknown problem types are

more challenging for a learner to solve when compared to result unknown problem types

(Stigler, Fuson, Ham, and Sook Kim, 1986).

Addition Subtraction
Result unknown 4,6% 7,7%
Change unknown 3% 2,3%
Start unknown 1,5% 1%

Table 6: Addition and subtraction problem types with significant to smallest gains made.
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Furthermore, the findings indicate that with addition problems, the greatest gains were
made with results unknown with an improvement of 4,6% from pre to post (see table 6
above). And the lowest improvement was made with a start unknown with an increase of
1,5% from pre to post. With subtraction problems, the greatest gains were made with
results unknown with a 7,7% increase and the lowest improvement was made with start
unknown problems with an increase of 1% in post-test results. These findings of the study
align with international literature that makes unknown problem types easier to
understand when compared to starting unknown and changing unknown problem types
(Stigler et al., 1986; Peterson, Fennema and Carpenter, 1989). As such, the gains are higher

in this sub-type of question.

Item no. Pre-test score Post-test score

Item 1 - (Fill in the missing number)

14, 24, 34, 44,0 28 25

Item 2 - (fill in the missing number)

79,69, 59, 49, O0 29 28

Item 11 - (what is the next multiple of 10)

56 O

Item 15 - (what is the multiple of 10 before
48) 0 0

O 48

Table 7: Test scores of items with written word instructions

Four of the 30 test items (see Table 7 above) were designed to include written word
instruction and a combination of one of the selected representational forms used for the

test (number sentence, number line and part-part-whole). In 2 of these items (items 1 and
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2), the pre-test recorded high scores of 28 and 29, respectively, with minor drops in the
post-test to 25 and 28, respectively. However, in items 11 and 15, the pre-test scores were

zero, with only one gain reflected in the post-test for item 11, as reflected in figure 6 above.

Item Representation Pre-test Post-test Difference
Item 4 Number sentence 21 17 -4

Item 5 Number line 19 22 3

Item 6 Number line 11 17 6

Item 7 Number line 6 19 13

Item 9 Number line 3 14 11

Item 12 Part-part whole 2 3 1

Table 8: Six items that add or subtract ten off the decuple

These 4 test items share the following characteristic, all 4 items either add or subtract a
ten of the decuple (Wright et al. 2012). When considering the rest of the items in the test
that share that one characteristic, there are six items: test items 4, 5, 6, 7, 9 and 12. When
considering the findings of the analysis of these 6 test items (4,5,6,7,9 and 12), the
following can be noted, these test items reflect small to significant pre-test scores with
small to significant gains made in the post-test, as reflected in Table 8 above. These
tindings indicate that although ten test items share one common characteristic of adding
or subtracting a ten of the decuple, the six items (4, 5, 6, 7, 9 and 12) in figure 13 above
reflect higher pre-test scores and higher post-test scores when compared to items 11 and
15 that recorded zero pre-test scores with one gain in the post-test for item 11. These
tindings indicate that although ten test items share one common characteristic of adding
or subtracting a ten of the decuple, the six items (4, 5, 6, 7, 9 and 12) in table 13 reflect
higher pre-test scores and higher post-test scores when compared to items 11 and 15 that

recorded zero pre-test scores with one gain in the post-test for item 11.
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Furthermore, the 6 test items (4, 5, 6, 7, 9 and 12) in figure 13 above all use the exact
representation of the number line except item 12, which uses the part-part-whole
representation. Singer & Resnick (1992) note that the part—part whole diagram shows the
whole part of a part to a whole, and part-part schemas represent the relationship of two
parts to each other. In this study, the part-part whole representation was challenging for
learners to solve in both pre and post-test as learners obtained low test results in both
tests. However, the pre-test and post-test scores for item 12 (the part-part whole
representation) were marginally higher when compared to items 11 and 15 (written word
instructions). This finding further indicates that although learners were challenged in
solving the part-part whole problem, their proficiency was slightly better compared to
items 11 and 15. And the only difference between items 11 and 15 and items 4, 5, 6, 7, 9
and 12 is that written word instructions accompanied them. The finding indicates that
learners were challenged in understanding what was required of them to do in items 11
(see figure 14 below) and items 15 (see figure 15 below), as their responses to both
questions verify their uncertainty, as can be seen in the two inserts below. Learners
assumed that they were expected to do in items 11 and 15 as was required of them to do
in the 6 other items (4, 5, 6, 7, 9, and 12) with the similar characteristic of adding or

subtracting a ten off the decuple (Wright et al., 2012).

Figure 14: Test item 11
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Figure 15: Test item 15

5.2.2 Concluding remarks for research question 1

The analysis of the MSAP findings indicates that there was an overall improvement of
20% in learner performance from pre to post-test with small to significant gains (3% -
33%) made. That 29% of learners reflected a small to significant decline (10% - 30%) in
performance from pre to post-test, and 8% of learners remained the same as there
reflected no improvement or decline. The breakdown of learner improvements across the
three calculating categories assessed in the MSAP indicates that learner Fluencies
increased by 3,6% while Strategic Calculations decreased by 0,8% and Strategic Thinking
proficiencies increased by 1,2%. These findings, as far as Fluencies and Strategic
Calculations are concerned, confirm the work of Graven and Venkat (2018); however, the
findings of this study also challenge the conventional understanding that learner
performance with complex concepts such as Strategic Thinking does not always decrease
but can demonstrate an increase. Findings also indicate an improvement made across
70% of test items from pre to post-test, a decline in 20% of test items from pre to post-test,
and no increase or decline across 10% of test items. Furthermore, the highest
improvement was recorded with subtraction test items of the result unknown problem
types, and the least improvement was made with subtraction start unknown problem
types. The findings also indicate that when test items incorporate written word
instruction, it adds an extra layer of complexity for young learners to solve, and finally,

young learners do not understand equivalence problems. In conclusion, we noticed that
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there were shifts from pre to post-test; we could ascertain learners who obtained high
gains, average gains and lower gains. We also noticed that our top learners all had 33
gains from pre to post, while our lowest learners either remained the same or decreased

from pre to post.

5.2.3 Research Question 2: What was the profile of the 6 learners after the LFIN interview was
administered on them?

Once I completed the analysis of the pre to post-test results, I could identify and select
the 6 learners I was going to interview for the study. As such, from the smaller sample
size of 35 learners, I could select two strong, two average and two low-performing
learners. As a result of the significant knowledge gaps in learner understanding, I used
the following criteria to establish the three attainment bands. 37% of learners
demonstrated no improvement to negative gains and were classified as low-performing
learners. 23% of learners demonstrated an increase of 3% to 10% that were classified as
average attainment learners. The 40% of learners who demonstrated a significant increase
from 11% to 33% were classified as strong attainment learners. For anonymity’s sake, I
employed two different labelling referencing systems for the study's MSAP and LFIN
aspects. For the MSAP aspect of the study, I employed numbers 1 to 6; however, for the
LFIN aspect of the study, I employed the chronological sequencing of numbers as they
reflect on the class list. I commenced the analysis process by reviewing the video-
recorded interviews and transcribing all six of the interviews. In the analysis process, I
employed an adapted version of the LFIN interview schedule to establish the different
SEAL stages each of the learners was located on. The three attainment bands were
established as SEAL stages 4-5 as strong attainment learners. SEAL stage 3 as average
attainment learners and SEAL stages 1-2 as low attainment learners. The following

section is a presentation of the findings of the qualitative analysis. I will commence with

72



learner 1 from the MSAP; however, in the LFIN, learner 1 has been labelled as learner 21,
and I will conclude with learner 6 in the MSAP and in the LFIN, it is learner 15.

LFIN - learner 21 (MSAP learner 1)

FNWS

BNWS

Numeral Identification

Base ten

Q1| Q| =] G O

SEAL

Table 9: LFIN Learner 21

On completing the analysis of the data of Learner 1 (LFIN learner 21), I made the
following presentation. With Forward Number Word Sequence (FNWS) and Number
Word After (NWA), I found that Learner 1 was on level 5, being the highest level facile
with FNWS up to one hundred as the learner was able to produce the FNWS and NWA
any number without dropping back. The learner also demonstrated an ability to provide
numbers beyond 100. With the Backward Number Word Sequence (BNWS) and Number
Word Before (NWB), Learner 1 was on level 5 as the Learner could produce without
dropping back any number word up to a hundred. With Numeral Identification (NID),
the Learner was on level 4, the highest level, as the Learner could quickly identify two-
and three-digit numbers. Regarding Base-ten arithmetical strategies, the Learner
demonstrated abilities compliant with level 3 as the Learner had a facile concept of ten
(Wright et al., 2012). Based on these findings and the Learner's ability to solve Additive
Reasoning (AR) problems in the LFIN assessment with a range of non-count-by-one
strategies, I located learner 1 on SEAL stage 5. In other words, this learner has
demonstrated confidence in all the criteria as set out in the LFIN. Table 9 above reflects

the findings of the data analysis of Learner 1.
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LFIN - learner 17 (MSAP learner 2)

FNWS

BNWS

Numeral Identification

Base ten

B~ Q| W| W| »

SEAL

Table 10: LFIN Learner 17

The findings of the analysis of the data of Learner 2 (LFIN learner 17) indicate that with
the FNWS and NWA, the Learner was on level 4 as the Learner was able to produce the
FNW and BNA beyond thirty but could not do it beyond sixty and thus failed to meet the
criteria of a level 5. With the BNWS and NWB, the Learner was on level 3 as the learner
could produce the NWB beyond ten but not beyond twenty and, as such, failed to meet
the criteria of level 4. With NID, the Learner was on level 3 as the Learner could not
identify with fluency three-digit numbers and failed to meet the criteria of level 4.
Regarding Base-ten arithmetical strategies, the learner was on level 3 as the Learner could
solve written number sentences involving ones and ten (Wright et al.,, 2012). These
findings, along with the fact that Learner 2 made use of count-down-to strategies to solve
problems in the interview, the Learner were found to be on SEAL stage 4, as reflected in
table 2 below. In other words, learner 2 was located on SEAL stage 4 as the learner
demonstrated a high level of proficiency regarding Base-ten thinking but did not meet all
the set criteria of the LFIN regarding FNWS, BNWS and NID as reflected in Table 10

above.
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LFIN - learner 32 (MSAP learner 3)

FNWS

BNWS

Numeral Identification

Base ten

Q| N | G O

SEAL

Table 11: LFIN Learner 32

The Findings of the analysis of Learner 3 (LFIN learner 32) indicate that with FNWS and
NWA, the learner was on level 5 as being facile with FNWS up to one hundred. Regarding
BNWS and NWB, the learner was on level 5 as being facile in easily producing the
backward numbers from one hundred to one. Regarding NID, the Learner was on level
4, comfortably identifying three-digit numbers. Regarding Base-ten arithmetical
strategies, the Learner was found to be on level 2 as having an intermediate concept of
ten (Wright et al., 2012). All of the above, coupled with the fact that the learner employed
counting on strategies (Thompson, 2000) to solve problems in the interview, indicates
that the Learner is on SEAL stage 3, as reflected in figure 3 above. In other words,
although this student demonstrated a high level of proficiency with FNWS, BNWs and
NID the learner was not able to demonstrate a high level of proficiency with regards to

Base ten thinking and was located on SEAL stage 3 as reflected in Table 11 above.

LFIN - learner 3 (MSAP learner 4)

FNWS

BNWS

Numeral Identification

Base ten

Q| W =] & O

SEAL

Table 12: LFIN Learner 3
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The data analysis findings of Learner 4 (LFIN learner 3) regarding FNWS and NWA
indicated that the learner is located on level 5 as the learner demonstrated to be facile
with FNWS and NWA up to one hundred and even beyond. Regarding the BNWS and
NWAB, the learner was located on level 4 as the learner demonstrated to be facile with the
number range beyond thirty but not beyond sixty and thus does not meet the requirement
for a level 4. Regarding NID, the Learner demonstrated level 4 capabilities as the learner
could identify with fluency one-, two- and three-digit numbers. The findings of the Base-
ten arithmetical strategies indicate that the Learner is on level 3, possessing a facile
concept of ten as the learner could solve AR problems involving ‘tens” and ‘ones” without
using materials or representations (Wright et al., 2012). These findings and the fact that
the learner employs count-on strategies instead of counting from one strategy when
solving AR problems indicate that the learner is on SEAL stage 3, as reflected in Table 12
above. In other words, learner 4 demonstrated a high level of fluency with FNWS, NID

and base ten thinking by employing count-on strategies and is located on SEAL stage 3.

LFIN - Learner 13 (MSAP learner 5)

FNWS 4
BNWS 4
Numeral Identification 4
Base ten 2
SEAL 2

Table 13: LFIN Learner 13

The findings of the analysis of Learner 5 (LFIN learner 13) indicated that the learner is on
level 4 for both the FNWS, NWA and, BNWS, NWB as the learner demonstrated facile
abilities with numbers beyond thirty but not beyond seventy and thus does not meet the

requirement for a level 5 allocation. Regarding NID, the findings indicate that the learner
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is located on level 4 as the learner demonstrated facile abilities in identifying three-digit
numbers up to one thousand. The findings of the Base-ten arithmetical strategies indicate
that the learner is located on level 2 as the learner can see ten as composed of ten ones
but fails to demonstrate flexibility when solving test items (Wright et al., 2012). These
findings, coupled with the fact that the learner makes use of counting from one each time
to solve problems, indicate that the Learner is located on SEAL stage 2 as a figurative
counter. The findings of learner 5 are reflected in figure 5 above. In other words, Learner
5 demonstrated an average ability with FNWS and BNWS and their knowledge of base
ten and employed count from one strategy to solve test items and was located on SEAL

stage 2 with a reliance on figurative counters (see Table 13).

LFIN - learner 15 (MSAP learner 6)

FNWS 3
BNWS 3
Numeral Identification 2
Base ten 1
SEAL 2

Table 14: LFIN Learner 6

According to the findings of the data analysis, Learner 6 (LFIN learner 15) is located on
level 3 with regards to FNWS and NWA, furthermore, with regards to BNWS and NWB,
the learner is also located on level 3 as the learner could not demonstrate facile ability in
the number beyond twenty. Regarding NID, the analysis findings indicate that the
learner is located on level 2, as the learner demonstrated a facile ability in identifying
numbers beyond twenty but not beyond sixty. Regarding Base-ten arithmetical strategies,
the learner is located on level 1 as the learner does not see ten as a unit composed of ten

ones. The learner cannot solve the AR problem item when it is presented in a number
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sentence (Wright et al., 2012). In other words, these findings indicate that learner 6
demonstrated weak ability with FNWS, BNWS and base ten thinking. Furthermore,
Learner 6 employs count from one strategy to solve test items, indicating that the learner

is located on SEAL stage 2, as reflected in Table 14 above.

5.2.4 Concluding remarks for research question 2

On completing the qualitative aspects of the data, I could allocate each of the six learners
to their respective SEAL stages based on each of the learners” proficiencies (see Table 13
below). SEAL stage 5 is the highest level of proficiency, and SEAL stage 1 is the lowest
level of proficiency. SEAL stage 5 learners demonstrated high competence by solving
problem items with various highly efficient calculating strategies. However, in SEAL
stage 1, learners demonstrated low levels of calculating strategies as being highly
dependent on the concrete form of counting. In other words, Learners 21 and 17 were
located on SEAL stages 5 and 4, respectively, as they demonstrated a high level of
proficiency in solving problems. While learners 13 and 15 were both located on SEAL
stages 2 as being learners that demonstrated an over-reliance on inefficient and error-

prone concrete forms of counting.

Learner in LFIN FNWS, BNWS, NWB NID Base ten SEAL
NWA
Learner 21 5 4 3 5
Learner 17 4 3 3 3 4
Learner 32 5 5 4 2 3
Learner 3 5 4 4 3 3
Learner 13 4 4 4 2 2
Learner 15 3 3 2 1 2

Table 15: Placement of learners on the SEAL stages.
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5.2.5 Research Question 3: What is the correlation between the Jump Strategies and the LFIN, if
any?

The following reflects the findings of the correlation between the MSAP and the LFIN. I

will present the findings in the following manner firstly, of the 2 strong learners, followed

by a discussion on the 2 average performing learners and lastly, of the 2 low performing

learners.
MSAP LFIN
Learner Attainment band Shifts Learner Attainment band SEAL
Learner 1 Strong 30% gains Learner 21 Strong SEAL 5
Learner 2 Strong 23% gains Learner 17 Strong SEAL 4

Table 16: Strong performing learners’ correlation between the MSAP and the LFIN

In the MSAP intervention, learners 1 and 2 demonstrated the highest gains from pre to
post-test, with gains as high as 30% and 23%, respectively. These two learners
demonstrated a high level of efficiency and speed in completing their individual daily
classroom exercises as well as in the pre and post-test. They also demonstrated a high
level of classroom participation. When conducting the LFIN interview, these 2 learners
employed none-count-by-one strategies to solve problems, and they also demonstrated a
high level of fluency in their base ten thinking. They were located on SEAL stages 5 and

4, respectively, as reflected in Table 16 above.

MSAP LFIN
Learner Attainment band Shifts Learner Attainment band SEAL
Learner 3 Average 6% gains Learner 32 Average SEAL 3
Learner 4 Average 3 % gains Learner 3 Average SEAL 3

Table 17: Average performing learners’ correlation between MSAP and LFIN
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In the MSAP intervention, learners 3 and 4 demonstrated average abilities with small
gains made from pre to post-test. These 2 learners were not confident in their classroom
interactions and daily classroom exercises but were nonetheless responsive in class; they
also had an average ability in their pre and post-test. Regarding the LFIN interview
conducted on these 2 learners, they demonstrated average problem-solving abilities by
employing less sophisticated count-on strategies instead of none-count-by-one strategies.

Therefore, they were located on SEAL stages 3, respectively, as reflected in Table 17

above.
MSAP LFIN
Learner Attainment band Shifts Learner Attainment band SEAL
Learner 5 Low 0 % gain Learner 13 Low SEAL 2
Learner 6 Low -30% gains Learner 15 Low SEAL 2

Table 18: Low-performing learners’ correlation between MSAP and LFIN

In the MSAP intervention, learners 5 and 6 demonstrated no shifts to negative decrease
from pre to post-test. Both learners furthermore demonstrated weak ability in their base
ten thinking and their ability to solve test items in the MSAP. These two learners were
non-responsive and evasive in class during lessons. Furthermore, in the LFIN, both
learners were located on SEAL stage 2 (see Table 18 above), respectively, as both
employed count from one strategy when solving problem items and demonstrated low

ability when trying to solve problems during the interviews.

5.2.6 Concluding remarks for research question 3
These findings indicate that according to the MSAP intervention, the 2 learners that
demonstrated the highest gains achieved across pre to post-test also demonstrated a high

level of proficiency in the set criteria of the LFIN. And the 2 learners that demonstrated
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average gains achieved in the MSAP also demonstrated an average level of proficiency
in the LFIN. And the learners that demonstrated a decrease in performance to negative

30% in the MSAP also demonstrated low levels of proficiencies in the LFIN.

5.3 Conclusion

The above discussion of the presentation of the findings and the analysis thereof
answered each of the three research questions and indicates that the MSAP intervention
can be utilized as a significant catalyst to improve young learners' mental mathematics
as there was a 20% improvement in learner performance from pre- to post-test—the
highest gains reflecting in subtraction problems with improvements in 70% of test items.
The Findings furthermore indicate a strong correlation between the MSAP and the LFIN,
as there is a match with the selected six learners. Two of the strong attainment learners
(learners 1 and 2) from the MSAP match with the 2 strong attainment learners in the LFIN.
In the average attainment band of the MSAP, the two learners correlate with the findings
of the LFIN. The low attainment band, as selected from the MSAP learner 5, matches with
the findings of the LFIN as a low-attaining learner as being located on a SEAL stage 2. As
these findings indicate a 67% correlation between the MSAP and the LFIN, further studies
will have to be conducted to establish with greater certainty the validity of the claims put

forward in this study.
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CHAPTER 6 - CONCLUSION AND RECOMMENDATIONS

6.1 Introduction

South African learners underperform in mathematics, and researchers continue to
explore avenues to remedy this dire situation. Part of this exploration effort was the
development of the Mental Starters Assessment Project (MSAP), a model that seeks to
enhance the development of mental mathematics in young learners. In addition, using an
alternative model, the LFIN also aims to identify learners’ levels of use of calculation
strategies. However, due to contextual challenges, the MSAP model would be more
advantageous within the South African context. As such, the purpose of this study was
to establish if there is a correlation between the MSAP and the LFIN. To achieve this
objective, this study had to pursue a twofold path. Firstly, to explore the shifts in learner
performance after completing a two-week mental math developmental intervention
program using Jump Strategy on the Empty Number Line based on the MSAP model.
Secondly, select six learners from the MSAP data set on the criteria of being two strong,
two average and two low-performing learners and assess their mathematical
proficiencies on the LFIN by locating each learner on a SEAL stage based on their level
of proficiency. In the chapter, I will address the focus of the area of study, the summary
of the findings of the survey, contributions of the study, implications of the study for

mathematics teaching, limitations of the research and self-reflection.

6.2 Main focus of the area of study

The focus area of my study was to assess grade three learners’” mental mathematics
development after a two-week intervention program using Jump Strategy on the Empty
Number Line. The purpose was to see whether the types of calculations could be
improved from a pretest to a post-test. The three types of calculation strategies looked at
were fluencies, strategic calculations, and strategic thinking. Whilst the Jump Strategy
was the focus of the study, the LFIN test was also introduced to see the level of calculation
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strategies six learners possessed. Based on the intervention and the assessment tool, the
study tried to ascertain if there could be any correlations between the MSAP and the

LFIN.

6.3 Summary of the findings of the study

Upon completion of the MSAP intervention and the analyses of the data, I discovered the
following findings, ten learners demonstrated substantial gains (between 20% to 33%),
twelve learners showed average gains (between 3% to 6%), and thirteen learners
demonstrated no gains to negative decreases (0% to -30%). However, the most significant
shifts observed were in the Fluency items. With a marginal negative decrease of 0,8% in
Strategic Calculating items from pre to post-test. And a minor increase of 1,2% in Strategic
thinking items. These findings are consistent with previous research conducted in the
South African terrain in which there was an increase in the Fluency category with no
shifts in the Strategic Calculating. However, in this study, there was an increase of 1,2%
in the Strategic Thinking category. From the different categories in attainment, I selected
six learners, two from each attainment band, to assess their level of proficiency on the
LFIN by locating each of them on an appropriate SEAL stage based on their level of
calculation strategies. The findings indicated that the two learners that achieved the
highest gains in the MSAP were the identical two on the highest SEAL stages in the LFIN.
These learners could solve problem items through various efficient calculating strategies.
And the two learners that demonstrated no increase to negative decrease in the MSAP
were the identical two learners located on the lower stages of the SEAL in the LFIN as
learners grounded and dependent on concrete forms of counting. These findings indicate
a strong correlation between the MSAP and the LFIN. And that the LFIN can be replaced

with the MSAP as an intervention model.
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6.4 Contributions of the study

The MSAP intervention is essential because it is scalable and is currently being
implemented nationally. The MSAP provides ordinary teachers with a tool to assess their
learner's levels of calculation strategies so that they can focus on how to remedy those
learners who are still prone to counting in ones to find answers to additive tasks. The
LFIN as an assessment tool is very precise in identifying levels of learners' calculation
strategies. However, administering the LFIN test requires a specialist interviewer and is
time-consuming. The study's contribution to the Foundation Phase numeracy field can
be very beneficial as the study has shown a significant link between the MSAP and the
LFIN. The link is that both the intervention and the LFIN test show the same level of
calculation strategies of the same learner. In other words, the MSAP intervention could
be a reliable replacement for the LFIN test at a national level. Another contribution
towards the terrain is that, in some instances, learners' fluencies may drop in this case
slightly. Yet, an increase in the more complex types of calculations, such as strategic
calculations and strategic thinking, could improve. This finding adds to the nuance of

how interventions express themselves in different contexts and classrooms.

6.5 Implications of the study for mathematics teaching

The implications can significantly benefit the South African primary school mathematics
classroom in that the MSAP learners that lag in mathematics can be assessed and assisted.
Secondly, the MSAP can be administered by the classroom teacher as it requires no extra
training from the educator nor requires a specialized skill. Thirdly, due to its relatively
easy administrative use, it can be rolled out nationally to remedy learners'

underperformance in the mathematics classroom.
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6.6 Limitations of the study

I worked with a very small sample size, and one of the implications is that the findings
of this study need to be generalized across large numbers of the population. However,
this small-scale study's findings established a correlation between the MSAP and the

LFIN and that further research could be conducted.

6.7 Self-reflections

When [ started the study, I built on some insights I gained from my Honors project. That
process taught me essential skills in identifying learners’ calculation strategies. While
working on the broader Wits Math’s Connect-Primary Project, I never had the
opportunity to teach a class independently. One of the essential experiences was my
exposure to being able to teach intervention lessons. It was in the teaching of the
intervention lessons that I began to see how important different types of teaching and
learning theories came into play. At the same time, I could relate to many Foundation
Phase teachers' experiences of teaching mathematics. I discovered the complexity and the
nuance of working with mathematics in a face-to-face experience. What also excited me
was when I found that the results of the MSAP and the LFIN were relatively similar. The
strength of that discovery allowed me to embrace the power of research in a very different
way than before. Before my research confirmed the findings of other studies, I discovered
a new contribution to the broader math community in this study. The process of

conducting this study was highly informative as well as insightful.
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Strategic Calculating Shifts Pre to Post-Test

Strategic Thinking Shifts Pre to Post-Test
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Appendix L

10 Strong Performing Learners

13 Low Performing Learners
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Appendix N
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b) 8+7
d) 8+9
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Appendix O

~ 12. Base-ten thinking (using strips)
a) Place a ten strip on the desk. How many dots are there?
| b) Place a three strip to the right of the ten strip. How many dots now?
c) Repeat with 10 and 8
d) I have [total] dots on this paper. Here are [] dots (uncover one side), how many are under here?
10+4[]=13 6 +[]=16

& €) Place out a ten strip. How many dots are there?

i Place a five strip to the right of it. How many dots do we have now?

| i If the child answered 15, then ask how many more dots are needed to make 25.
: 1045 =[] 15+[] = 25

1
'
'
'
l

(0000000000

(9000000000

[seevessens)
(0000000000
"
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Appendix P

[both collections screened ~ entry tasks)

9+4

57+ _ =100

v et
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Appendix Q

Strong Learner Strong Leamer Average Leamer Average Leamer Low Leamer Low Leamer
LFIN Item Learner 21 Learner17 Learner 32 Learner3 Learner 13 eamer 15
WS (%107 rapid recal rapid recal rapid recall
68-89 rapid recal rapid recal rapid recal rapid recall rapid recall
NWA [59-60 rapid recall rapid recal rapid recall rapid recal rapid recal
929 rapid recall rapid recall rapid recall rapid recal rapid recal rapid recal
101 rapid recall rapid recall rapid recall rapid recal rapid recall rapid recal
BNWS |75 rapid recall rapid recall rapid recall rapid recall
Wy rapid recal rapid recall rapid recall rapid recall
NWB [3to2 repid recall repid recall repid ecall repid el repid recall
L rapid recal rapid recal rapid recal rapid recall rapid recall
_E_ rapid recal rapid recal rapid recall rapid recall
1009 rapid recal rapid recall rapid recal rapid recall rapid recal
ND rapid recal rapid recal rapid recal rapid recall rapid recal
06 rapid recall rapid recall rapid recall rapid recall rapid recall
80 rapid recall rapid recall rapid recall rapid recall rapid recal
16 minus 12 Strategic thinking strategicthinking
1056 repid ecall repid ecall
B5_=l repid recall
U8 rapid recal
repid recall repid recall repid recall
repid ecall 10 respnse repid recall
repid ecall noresponse rapid recall

1038337 rapid recall

103 repid ecall repid ecall repid ecall repid recall

10+8- rapid recal rapid recal rapid recall rapid recall

1641026 Strategic thinking rapid recal rapid recal strategic thinking

seerelationalaspect | seerelational aspect donot see relational aspect donot see relational aspect

16+3=15 rapid recal rapid recal no response

14,24,34 4,54 repid ecall repid ecall repid ecall rapid recall
Number ling16+30= Strategic thinking strategic thinking rapid recall rapid recal

6+30-36 rapid recal rapid recal rapid recall rapid recall rapid recall

O rapid recal rapid recal rapid recal rapid recall rapid recal
| |Fluengy 17 Rapid Recal 19 Rapid Recall 21 Rapid Recall 22 Rapid Recall 5 Rapid Recall 24 Rapid Recall
| |Straegic Caculatin

Strategic Thinking 3 1 0 0 0 1
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Appendix R

LETTER TO THE PRINCIPAL, SGB CHAIR

Cavendish Primary
School

6520 Cavendish Street
Extension 6

Eldorado Park

1812

Date: 29

March 2022

Dear: Mr. Louw

My name is Lincoln Lavans and I am a Master’s of Education student in the School of
Education at the University of the Witwatersrand. I am doing research on exploring
additive reasoning with grade three learners through the use of jump strategies on an
empty number line in a government school in Gauteng.

My research will focus on the strategies that Grade 3 learners use when working with
additive reasoning problems. My aim is to investigate this issue through the design and
implementation of a small-scale intervention program. This study will comprise of tests
(a pre-test and post-test) as well as 8 intervention lessons and virtual interviews with 6
learners. Both the pre and post-test will be carefully administered and analyzed. These
tests will analyze learner’s strategies of working with additive reasoning problems. In
between the pre-test and post-test, I will be conducting 8 intervention lessons. These
lessons will be conducted and form part of the first 20 minutes of each day for a total of
eight days. The intervention lessons will equip learners with different reasoning skills of
working with additive reasoning problems.

After the pretest and intervention lessons, I will conduct a post-test which will be further
analyzed. After every intervention lesson, I will collect samples of learners work in the
learner exercises they do after the lessons. Part of my research will comprise of me using
learner’s tests, written work, video recorded interviews. The focus of my analysis will be
on the reasoning that learners use when working with additive reasoning problems.
Interviews will be conducted virtually during school time and will be conducted in the
staff room for no longer than 15 minutes. These interviews will be done with learners
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from the sample group (6 learners from the sample group) and will be done to gain
further insight into the models and strategies that learners use.

The reason why I have chosen your school is because I was a learner at your school and
I am greatly interest in improving mathematics education. I believe that this study will
help benefit me as a researcher which will in turn benefit children in general. Therefore,
I am inviting the school to participate in this research. The research participants will not
be advantaged or disadvantaged in any way. They will be reassured that they can
withdraw their permission at any time during this project without any penalty. There are
no foreseeable risks in participating in this study. The participants will not be paid for
this study. The names of the research participants and identity of the school will be kept
confidential at all times and in all academic writing about the study. Pseudonyms will be
used in the place of the learners” names and of the school. Privacy will be maintained in
all published and written data resulting from the study. The findings from this study may
be used in academic journals, by other post graduate students and at conferences.

All research data will be kept safely under lock and key at my home and on my personal
computer in a separate folder which requires a password. All research data will be stored
on a virtual cloud after completion of the project. Please let me know if you require any
turther information. I look forward to your response as soon as is convenient.

Please contact us if you require any further details. If you have any concerns or
complaints regarding the ethical procedures of this study, you are welcome to contact the
University Human Research Ethics Committee (Non-Medical), telephone +27(0) 11 717
1408, email hrecnon-medical@wits.ac.za

Yours sincerely,

Lincoln Lavans
Lincoln.lavans@wits.ac.za
0849958217

Permission Form
Jump Start Strategy Intervention

Declaration by participant

111


mailto:hrecnon-medical@wits.ac.za
mailto:Lincoln.lavans@wits.ac.za

I am happy for the Jump Start Strategy Intervention to be run in my school, and for the
learner data and interview to be collated for research purposes alongside the
development purposes detailed above.

Principal name:

School:

Province:

Date:

Signature:

Please add the school stamp in the box below confirming your permission for the school
to be in the Master’s project.
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Appendix S

INFORMATION SHEET - PARENT

Cavendish Primary School
6520 Cavendish Street
Extension 6
Eldorado Park
1812
DATE: 29 March 2022
Dear Parent

My name is Lincoln Lavans and I am a Master’s of Education student in the School of
Education at the University of the Witwatersrand. I am doing research on exploring
additive reasoning with grade three learners through the use of jump strategies on an
empty number line in a government school in Gauteng.

My research will focus on the additive reasoning that Grade 3 learners use when working
with additive reasoning problems. My aim is to investigate this issue through the design
and implementation of a small-scale intervention program. This study will comprise of a
pre-test and post-test. Both tests will be carefully administered and analyzed. These tests
will analyze learner’s strategies of working with additive reasoning problems. In between
the pre-test and post-test, I will be conducting an intervention program which will be
made up of eight lessons. The intervention lessons will equip learners with different
models and strategies of working with additive reasoning problems.

After every intervention lesson, I will collect samples of learners' work. The focus of my
analysis will be on additive reasoning that learners use when dealing with number
problems. Thereafter, I will conduct a post-test which will be further analyzed. This study
will take place during the second and third term and will form part of the first 20 minutes
of each day for a total of eight days. The reason why I have chosen your child’s class is
because I feel passionate about improving Mathematics Education and would like to
support your child together with other children so that they can improve their
understanding and performance in additive reasoning problems. Further I would like to
develop myself through this process for the benefit of the learners.
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I was wondering whether you would mind if your child participates in this study. Your
child will need to complete a pre-test and post-test on additive reasoning number
problems as well as possibly answer a few short questions in the form of a virtual
interview which will be video recorded. Not all learners will be video recorded. Learner’s
approaches to word problems will be videotaped so that I could gain an in-depth
understanding of their additive reasoning practices. Interviews will be done during
school time in the staff room one learner at a time and will not last longer than 15 minutes.
Your child will not be advantaged or disadvantaged in any way. S/he will be reassured
that s/he can withdraw her/his permission at any time during this project without any
penalty. There are no foreseeable risks in participating and your child will not be paid for
this study.

The findings from this study may be used in research reports, academic journals and at
conferences. However, your child’s name and identity will be kept confidential at all
times and in all academic writing about the study. His/her individual privacy will be
maintained in all published and written data resulting from the study. Pseudonyms will
be used in the place of his/her name. All research data will be kept safely virtual cloud
with relevant passwords after the completion of the project. Please let me know if you
require any further information. Thank you very much for your help.

Please contact us if you require any further details. If you have any concerns or
complaints regarding the ethical procedures of this study, you are welcome to contact the
University Human Research Ethics Committee (Non-Medical), telephone +27(0) 11 717
1408, email hrecnon-medical@wits.ac.za

Yours sincerely,
Lincoln Lavans

Lincoln.lavans@wits.ac.za
0849958217

PARENT CONSENT FORM

Kindly fill in and return the reply slip below indicating your willingness to allow your
child to participate in the research project called:

Exploring additive reasoning with grade three learners through the use of jump
strategies on an empty number line in a government school in Gauteng.

L the parent of
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Permission to review/collect documents/artifacts

Circle one

I agree that my child’s (Pre-Test, Post-Test and Written work) can be used for this study
only. YES/NO

Permission for test
I agree to my child writing test for this study.
YES/NO

Permission to be virtually interviewed

I agree that my child may be interviewed for this study.

YES/NO

I know that he/she can stop the interview at any time and doesn’t have to answer all the
questions asked. YES/NO

Permission to be videotaped

I agree that my child can be videotaped during the interview.
YES/NO

I know that the videotapes will be used for this project only.
YES/NO

Informed Consent
I understand that:
e My child’s name and information will be kept confidential and safe and that my
name and the name of my school will not be revealed.

e He/she does not have to answer every question and can withdraw from the
study at any time.

e All the data collected during this study will be stored on a virtual cloud after
completion of my project.

Sign Date
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Appendix T

INFORMATION SHEET - LEARNERS

Cavendish Primary School
6520 Cavendish Street
Extension 6

Eldorado Park

1812

DATE: 29 March 2022

Dear Learner

My name is Lincoln Lavans and I am a Master’s of Education student in the School of
Education at the University of the Witwatersrand. I am doing research on exploring
additive reasoning with grade three learners through the use of jump strategies on an
empty number line in a government school in Gauteng.

I am interested in the methods that Grade 3 learners use when working with addition
and subtraction problems. I would like to investigate this problem through providing
you with a program of eight lessons where different ways of working with additive
problems will be shown to you. After every lesson, I will collect samples of your work. I
am interested in looking at the different methods that you use when doing additive
problems. Before and after the lessons, you will need to write a test on additive problems.
These tests will not be for marks but will only be used for my research. This study will
take place during the second and third term during the first 20 minutes the school day.

I was wondering whether you would mind if I invited you to participate in this research.
I need your help with participating in completing the tests that I give to you as well as
possibly answering questions in the form of a virtual interview which will be video
recorded. These interviews will help me gain a better understanding of some of the work.
Interviews will be done during school time and will not last longer than 15 minutes.

Remember, though there is a test, it is not for marks and it is completely voluntary, which
means that you don’t have to do it. Also, if you decide halfway through that you prefer
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to stop, this is completely your choice and you will not be advantaged or disadvantaged
in any way. Also, no money will be paid to you for participating. I will not be using your
own name but I will make one up so no one can identify you. All information about you
will be kept private in all my writing about the study. I will only be using your work for
my university research project.

The findings from my research may be used in journals, post graduate students and at
conferences. Also, all collected information will be stored safely and privately. All data
used for my project will be kept on a virtual cloud after I have completed my project.
Your parents have also been given an information sheet and consent form, but at the end
of the day it is entirely your decision to join me in the study. I look forward to working
with you. Please feel free to contact me if you have any questions.

Please contact us if you require any further details. If you have any concerns or
complaints regarding the ethical procedures of this study, you are welcome to contact the
University Human Research Ethics Committee (Non-Medical), telephone +27(0) 11 717
1408, email hrecnon-medical@wits.ac.za

Yours Sincerely,

Lincoln Lavans
Lincoln.lavans@wits.ac.za
0849958217

LEARNER CONSENT FORM
Please fill in the reply slip below if you agree to participate in my study called:
Exploring additive reasoning with grade three learners through the use of jump

strategies on an empty number line in a government school in Gauteng.

My name is:

Permission to review/collect documents/artifacts

Circle one

I agree that (Pre-Test, Post-Test, Your written work) can be used for this study only.
YES/NO

117


mailto:hrecnon-medical@wits.ac.za
mailto:Lincoln.lavans@wits.ac.za

Permission for test
I agree to write a test for this study.
YES/NO

Permission to be virtually interviewed

I agree to be interviewed for this study.

YES/NO

I know that I can stop the interview at any time and don’t have to answer all the
questions asked. YES/NO

Permission to be videotaped

I agree to be videotaped during the interview.

YES/NO

I know that the videotapes will be used for this project only.
YES/NO

Informed Consent

I understand that:

Sign

My name and information will be kept confidential and safe and that my name
and the name of my school will not be revealed.

I do not have to answer every question and can withdraw from the study at any
time.

I can ask not to be video recorded.

My test and videos can be used by other post graduate students and researchers
in the field.

All the data collected during this study will be stored on a virtual cloud after
completion of the project.

Date
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Appendix W

learners using jur egies ¢
number line in a Government school

Gauteng.

Lincoln Lavans

WSOE
24 June 2022
Cl. N OF THE COMMITTEE Approved unconditionally
RISK LEVEL No Risk
EXPIRY DATE Date of submission of the Research Report

I F CERTIFICATE CHAIRPERSON ﬁbtﬂ?&
Dr. Batseba Mofol okane

cc: Dr. Corin Mathews

DECLARATION OF INVESTIGATOR

To be completed in duplicate and ONE COPY returned to the Chai

ethics committee. € &hairperson of the School/Department
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entioned

research and | guarantee to ensure compliance with these conditions
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Appendix X

Criteria for 3 categories

Learner Pre Post Shifts
9 10 43.333| 33.333
16 6.6667 40 33.333
8 16.667 50 33.333
Strong 21 40 70 30
12 13.333 | 43.333 30
37 43.333 | 66.667 | 23.333
Strong 17 23.333|46.667 | 23.333
10 16.667 | 36.667 20
41 20 40 20
22 10 30 20
38 50 63.333| 13.333
2 23.333 | 36.667| 13.333
33 46.667 60 13.333
1 23.333 | 33.333 10
26 20 26.667 | 6.6667
25 6.6667 | 13.333 | 6.6667
Average 32 6.6667 | 13.333 | 6.6667
5 20 23.333| 3.3333
Average 3 13.333(16.667 | 3.3333
11 13.333(16.667 | 3.3333
19 o 3.3333| 3.3333
24 6.6667 10 3.3333
40 3.3333| 3.3333 o
Low 13 (0] O o]
31 o O o
27 30 26.667 | -3.333
39 30 26.667 | -3.333
34 20 16.667 | -3.333
23 13.333 10 -3.333
42 6.6667 O -6.667
6 40 30 -10
18 13.333 O -13.33
28 23.333 [ 6.6667 | -16.67
29 23.333 [ 6.6667 | -16.67
Low 15 36.667 | 6.6667 -30
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