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ABSTRACT

This research report investigates the infiuence of Chope (a mnative
Mozambican language) on the teaching and learning of fundamental electric
_concepts. '

Two research instruments were used: a written task and an interview. The
written task investigated students’ understanding, in Chope and Portuguese
(the instructional language), of twenty fundamental electric concepts, as well
as translations of scientific sentences about electricity from Portnguese to
Chope. The interview was used as an auxiliary instrument to better
understand procedures used in the written task.

The study showed that Chope as prior knowledge can be understood in three
ways: (1) as a positive influence when knowledge acquired through Chope is
scientifically acceptable; (2) as a negative influence when a Chope
"definition" hinders understanding of an electric concept; and (3) as an
abxiliary agent in the understanding of the precise meanings of electrical
terms. There are however other influences such as childhood environment
and common usage.
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LIST OF TNENTY (20) ELECTRICAL TERMS THAT WILL BE USED
DURING THILS RESERRCH

01. Load (Carga) {L1)
02. Electric field (Campo eléctrico) (07)
03. Electric charge (Carga eléctica) (13}
04. Blectricity (Electricidade) {13)
.05. Worl {Trabkalho) {20)
06. Energy (Ensergia) {01)

07. Potentizl differc ce {Diferenca de potancial) (16)

08. Blectrie current (Corrente eléctrica) C{1z)
09. Electric power (Poténeia eléctrica) (0B)
10. (Electric) current intensity

(Intensidede da corrente(eléctrica)) (04)
11l. Conventional current (Corrente convencional) (09}
12. an insulator (Um isolador) {06)
13. A parallal électric clrouit

(Circuito eléctrico em paralelo) {14)
14. A gource of electromotive force (EMF)

{Uma fonte da forga electromotriz (FEM)] {17}
15. Electrical resistance (Resisténcia eléctrica) {03}
16, A battery (Uma bateria) {18}
17. (Metal) wire (Fio (metdlico}) (15)
18. A switch ("interrupter”) (Um interruptor} {05)
19. Voltmeter (Voltimetro) (c2)
20. An electrie circuit {(Um circuito eléctrice) {10)
N.B.: The numbers in brackets indicate the randomised

order on the questionnalre.
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CHAPTER 1
ORIENTATIVE INTRODUCTION

1.1, BACKGROUND TO THE STUDY
1.1.1. Learning problems with fundamental lectric ¢ mncepts

The nature of sgcientific subjects 1s such that accuired knowledge
predetermines dubsequent knowledge (Law, 1923} If acquired
knowledge is well accommodated into the cognitire structure of
learners, they will have a better opportunity to attain a
desirable level of understanding of new conepts within a
specific mecientific topic. According to Ships.one (1985), an
understanding of current in simple electric cir:its is a pre-
reqgquisite to a hetter undexstanding of other topics like meries
and parallel circults, electric potential and electric energy.
Cohen, Eylon & Ganiel (19283} claimed that potertizal difference
and current are the keys to 'understanding elect 'iec ecircuits.

It has been observed Y:. many studies on el ectricity (e.g.
Cohen, Eylon & Ganiel, 1983; Solomon et al., 2985; Shipatone,
1985} that many studentz have difficulty i.. understanding
fundamental electric concepts suchh ag curre b, resistance,
potential difference and power.

A major scurce of students’ difficulties .n understanding
geinneas, ineluding fundamental electric concepts 18 the lansusge
through which the instruction is carried ovt (e.g. Strevens,
1980a; Widdowson, 1884b). Other researchers clailm that the
problem ix that students do not understand the precise meaning
of various terms used in sclence (Sanders & Nhlipho, 19923).

This study looks at the role of the mother tongue in the
teaching and learning of fundamental electric concepts., The
mother tongue is the language that the child speaks at home. . It
is also called the mother language or the home laaguage (Rollnick
& Manyatsi, 1997}. The mother tongue being investigated in this
regearch 1ls CROPE, one of many native lang ages spoken in
Mozambigue, a former Portugjuese mclonmy in Soutlern Africa.



1.1.2. Situation in Mozambigue

Since 1975, when Mozambi [ue attained independence, the government
btas made congiderable erforts to improve the educational system,
er 'l and in the sciences in particular. An lmportant
hyactlve was to upgrade the understanding of mathematics and
sclentific subjects among teachers and students. Some examples
of these efforts are:

. The creaticn of the Iaetituto Naticmal de Desenvolvimento
de Rducagio- (INDE) (National Institute fFfor Eduecational
Development) . '

[ The introduction of the Sietema National de Educacfo- (SNE)
{National Bducational System). All levels of the SNE from
primary school up to Standard 12 have textbooks writtes: in
Bortuguesa. Although there are still insuffici.ut
textbooke for every student, they are neverthelems
important instruments in all Mozambican a&chools,

N.B. In the SNE for physice, studies in electricity have

been introduced at different levels in the elementary

school. Prior to independence the tople was introduged
only at Standaxd 9, the equivalent of the present Standard

10 of the SNEH.

L 28 The Bagiec University Science Course Experimantal Project
(B0BCEP) is an educational project that has been rumming
since 1585. This preject involves the Univereity Eduarde
Mondlane (UEM) in Maputbo and the Vilje Universiteit
Amsterdam (VUA, in the Netherlands, Since 1592, BUSCEP has
had the gtatus of a department within the rFaculty of
Science at UEM,

Pedagogically, BUSCEP is a foundation course. At present
it is compulsory for all first semester undergraduate students
in the Paculty of Science. 'The purpose of the BUSCEP course is
te upgrade the level of students’ qualitative knowledge in
physics, chemistry, biological sclence and mathematics, and to
improve students’ skills such as ingtrument manipulation in the
laboratory. The intentien is to provide a solid foundation for
undergraduate students in order to support major courses in the
Faculty of Scienca.



Another important objective of BUSCEP is to train Mozambican
staff to participate in wmathematles and science education
regearch. A reason for doing this study was our intention to
start these kinds of studies in Mozambique, a multi-language
country with more than twenty mother tongues,

However, when gtudents enter University, most still show a
lack of knowledge about fundamental electric concepts. The
researcher’'s concern is that they continue to lack this
knowledge, and alsc exnibit many alternative concepts, even after
attending the BUSCEF course.

1.2. AIM OF THE RESEARCH

This research intends to help science educators and teachers to
understand how the native/indigenous Mozambican languages ,”in
particular Chope, affects students! understanding of fundamental
electric concepts when they are taught through the medium of
Portuguere. :

1.3. RESEARCH QUESTIONS

Does Chope have any influence on BUSCEP physics students, who are

native Chope ppeakers, in understanding the precise meaning of:

1. ordinary words often umed in the instructional langunage
{Portuguesge) ? .

2. physics texme used during teaching and learning the section
on electricity in the BUSCEP courcer

SUB-OUESTIONS

a, Are there relatiopmship. u.tween Portuguese and Chope
when students are talking about fundamental electric
concepts?

b, What sgcientific words are pew or urusual in the
vocabulary of mnative Chope speakers (BUSCEP Chope
students)? . :

¢. What procediires do students adopt when they translate
scientific sentences related with fundamental electric
concepts from Portuguese to Chope?

d. How do students talk about fundamental electric
concepts in Chope? '



e. What are students’ attitudes to language when they
' find words not translatable in Chope?

1.4. DESIGN AND METHODOLOGY
1.4.1. Population and sample

For this study, the sample was the twenty-eight BUSCHP Chope
speaking students of 1997. BUSCEP students come from all over
‘Mozamblque. They were around three hundred {(300) in number, of
both genders. All study Physica. .

Chope is the researcher’s motler tongue, although he speaks
other Mozambican languages (e.g. Changane and Ronga) and is
proficlent in Portuguese {the instructiocnal language). _
_ As the ptudy is confined to Chope, with Portuguese as the
instructional langauge, we will not attempt to claim
generalizability of results across the whole of Mozambique.
-1.4.2. Instruments '

There are many methods for collecting information about students’
knowledge and understanding. We used the following instruments:

. A written paper-and-pencil test, in the form of a
questionnaire. This was completed by all BUSCEP students.
L An individual semi-structured interview for some Chope

students only.
Tha data_was collected between 28 October and 16 November, 1997.

1.5. DATA ANALYSIS

The data generated by this research came from the written task
(questionnaire), with interviews as an adjunct. The data was
analyzed to reveal how students understand fundamental elactric
‘egoncepts in Portuguese and Chope.

Other data from the interviews was obtained in order to get
some understanding of auxiliary factors {e.g. everyday language,
childhood environment, teachers’ strategles, textbooks) that
could interfere with the learning of electric concepts among
Chope students. '

The data acguisition, analysis and interpretation are
discussed in detall in Chapters 3,4 and 5.

4



1.6. SIGNIFICANCE OF THE STUDY
1.6.1. At present |

This study should provide some understanding of Chope in the
teaching and iearning of Physics, with specific emphasis on
fundamental electric concepts. 2As a case study it should be
helpful for Mozambican science educators to know Lhe relationship
between the instructional language {Portuguese) and the mother
tongue {e.g. Chope), and between 'gcoientific" lanquage and any
"ordinarvh la age {in this case both Chope and Portuguese).

1.6.2. In future

This research could help Mozambican teachera understand the
importance of the mother tongue in the teaching and learning of
fundameéntal electric concepts. '

1.7. LIMITATIONS

As with all studies in science education this study has its

~limitations, such as:

s The study was restricted only ‘o BUSCEP Chope students.

L The satudy looked only at the language used during the
teaching and learning of fupdamental elegtric donceovts.

o The gtudy does not include other undergraduate students of
the Faculty of Science at UEN, ox students from other
Universities in Mozambique (e.g. the Pedagogical University

in Maputo); gonclusions camt ot be extended te the whole
country, i.e, to all Mozambican undergraduate students.

1.8. PRECAUTIONS AND VALIDITY OF.THE_ INSTRUMENTS

The researcher has more than ten years teaching experlence in
Physice at different .evels, and has tauvght Physicg to BUSCRP
gtudents for two years. He has a sound knowledge about the level
of Physics content taught within the BUSCEP course. The
regearcher considers it possible t» design suitable questionnaize
items to effectively sgsess BUSCEP students' ideas about
fundamental electric concepts. Nevertheless, Physics staff of
BUSCEP were agked to cooperate, giving their opinion about the



written paper-and-pencil task, and about the aids for the

interview. Their cooperation is very important for the general

validity (including econtent wvalidity) of the instruments.

According o Salvia and Ysseldyke (1988: 102) tvalidity refers

to the extent to which a test measures what ireg avthors or users

claim it measures". BUSCEP Physics staff know the academic
performance of BUSCEP students, and so their comments helped the
researcher to draw up a better instrument to extract the
information necessary for this study.

To cobtain a valid instrument for the written task, the
regearcher went through the following procedures:

1. He produced a preliminary draft in English, and agked a
Physiclet and English-speaking person to chedk the meaning
of the scientific words and phrases im the task. The
researcher made various necessary and suggested
modifications to produce an English lgt vexsion draft,

2. The researcher then translated the gquestionnaire from
English to Portuguese to produce a Poriugnese 1sk version
draft. : :

3. The researcher asked a Portuguese-English speaking person
to tranelate the gquestionnalre from Portuguese to English -
a so-called "back translation' - to obtain an English 2nd
version draffl.

4, Comparieons were made between the two English drafts to
produce the final Enalish draft.

5. Modifications then had to made to the Portuguese
translation, and the researcher asked a Portuguese-English
language experk to validlte thisg tranelation, This was the

Einal Bortuguege research ingtrument.

This procedure of multiple translations to ensure content
validity of translations follows procadureas outlined by
Singleton, Straits & Straits (1993a},



CHAPTER 2
LITERATURE REVIEW

2.1. INTRODUCTION

This study intends to research the influence of Chope in the

learning of aclence (wnich im taught in Portuguese) among Chope

speakers. In our investigation of first year undergraduate

students we view language as a vehicle of communicatic hdat has

been developed in the family and at primary and secondai, school.

Thus the following topics are appropriate for review in this

chapter: '

1. 'The importance of language in education;

2 Different types of language used in education;

3. Scientific language as an acguired or learned language;

4 The role of the mother tongue 1h concept acguisition in the
science clamstroon;

5. The xole of previous knowladge in the development of
misdonceptions in science.

The foocus is whether the mother tongue (Chope) might help
sclience students te learn science and develop good communicatiocn
in science classes, or net., It is important to understand the
relationship between the language used in the achool environment,
and the knowledge conveyed by the teacher through the language
used during the teaching process,

2.2. IMPORTANCE OF LANGUAGE IN EDUCATION

‘One of the wain instruwents in education! is language®. - Through
language people communicate with each other, and soc can unlock
the capacity to know the feelings and thoughtsz of others.

e e

1, Education ig a gyatem of training and instruction, planned for
children and/or young psople in schools and colleges, and intended to
ive knowledge, skills and development of character and mental powerd
Van Schalkwyk, 1993}. _

2. Language 15 a system of sounde, words, patterna, aignas and gesturas
uged by humans to commmnicates thoughts and feelings {Graddel, Cheshire
& Swann, 1994}.



Communication can be through talking, reading, writing and using
- pigns (Lemke, 1989). It is inconceivable that people could have
constructed their complex social structure without spoken and
written language or signals of one kind or another.

According to Ryén (1985}, Malamah~Thomas (1987) and
Trowbridge & Bybee (1990}, communication in the clasasrcom implies
interaction through language between teacher and student. It is
very important that there is an effective interactien bhetween
those who transmit the message, and those who receive it.

Much research has been done on the importance of language
in education. Language is & crucial Factor in education {8tubbs,

1983; Christie, 1985; Kress, 1989). However there is no general

agreement on lssues like:

L Is students’ language related to learning?

. Ig sgtudents’ language related to success or Fallure at
school? '

] What kind of language do teachersc and students use in the

classroom (in partlcular the science classxroom) ? _

Educational experts would like to get answers to these
50¢ially important questions. Considerable research has been
done in areas related to:

o language strategies in the classroom (e.g. Rollnick &
Rutherfoxd, 1996); |

. students’ language (e.g. Stubbs, 1983});

. language between teachers and students ‘e.g. Malamah-
Thomas, 1987; Christie, 1989; Kress, 1985; Trowbridge &
Bybee, 1950),

According to Malamah-Thomas (1987) it iz imposaible to
separate language from methodology in the classroom. DLanguage
+8 the primary resource for social communication, while
methodology ie the source of pedagogic communication.

2.3. DIFFERENT TYPES OF LANGUAGE USED IN EDUCATION
2.3.1. Language in the classroom

Problems relating to language in science classes have concerned
many science educators, They would like to know:.
L] How 18 the language used in the ordinary classroom

8



different from that used in the science classroom?

° How can we differentiate between the language used in the
physics classroom and the language used it other non-
science classes?

Ageording to Strevens (1980) and Rollnick & Rutherford
(1996), 1aﬁguage is observable. All instances where a teacher
and students talk in the classroom can be recorded and then
transeribed. This information {data) can be categorised aud
analysed. These procedures should enable one to know which
language ia used in a particular classroom.

To know what language is used by teachers or students is
very important, because the classroom is a pervasive language
environment. Flanders {1970, quoted by Stubbs, 1983) claima that
in an informal chalk-snd-talk class the tesacher tends to talk,
on average, 70% of the time. Teaching and learning in the
classrpom,' as we know it, is almost inconceivable without

'1anguage. Teaching and learning comprise strong language
interactions through lecturing, explaining, listening,
discussing, etc. Some researchers (e.g. Stubbs, 1983) claim that
every teacher is an imstructional language teacher, .

Thise is supported by Hadfield (1992}, who claims that a
physics teacher may have difficulty separating the teaching of
physice concepts £rom the assessment of students’' performance
in the inatrugtiomal language. Only in this way can science
teacherd teach students how te:

L usge appropriate terminology; _
. give coherent arguments, or to read and understard
textbooks.

2.3.2. Features of language in the classroom

To Lemke .(1989), teaching and learning procedures in the
clasgroom are a nore c¢omplex process than merely tfansferring
knowledge. As noted earlier, teaching and learning comprises an
interaction between teacher and students through lecturing,
explaining, listening, discussaing, chgervations and
demonstrations. Therefore teachers and students should be
sharing and negotiating ways of talking to each other. Looking
at language as an instrument of teaching, Stubbe (1983) warns

8



that teachers must not expect a students’ performance in science
subjecta {e.g. physics) to be the same as in an instructional
language (e.g. Portuguese). The reason is not that the subject
matter is different, but that the Jlanguage stvle is quite '
different, In a scientific subject it is common to use one
technical term (concept} to explain another term. For example,
in the topic of electricity teachers often explain the concept
of potential differenca through the concepts of energy, work and
electric potential. .

Stubbs (1983, quoting Kaddie, . 1971) asserts that some
sclence teachers are unable to recognise a students’ valid idea
if it is not expressed in the style and sclentific terminclogy
that is used in their specific subject, ‘Some experts (e.g.
Widdowson, 1972; Ryan, 1985; Sanders & Nhlapho, 1993} are of the
opinion that the language used in science ie not the same as the
language used in literature or imstructional language. There
exists, for example, the so called 'technological English
{language} *, the "English (language) for specific proposal", etc,
Scientific language often uses words that have Latin or Greek
roots (Widdowsen, 1979; Strevens, 1980). However . in
"technelogical language" the meaning of words cam change in a
gpecific context. Por example, the meaning of the word "hase!
in chemistxy 1ls different from the meaning of the same word in
everyday language. The meaning of the word "cell" in electricity
iy not the same as in cytoclogy. The interpretation of concepta
Like ‘t*workh, ‘'energy" and "force" in everyday language 1s
different from the interpretation in physics classes. This
difference of meanings in a specific context devalops the so
called paradoxical jargon’ (Sanders & Nhlapho, 1993).

To Krashen & Terrell {1983), it is important not te confuse
what a student says with bhow it is said, especially when the
student is sti1ll beginning to learn the science subject.

3. Paradoxical Jargon refers to words with more than one mesdning, one
often being non-technical and the other technical. Even tachnical
meanings of a word may changae with the context.
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2.4. SCIENTIFIC LANGUAGE AS AN ACQUIRED LANGUAGE

M of the main concerns of science teachers ia:
* How do students acquire or learn the "new"™ words ozxr
gclentific termas? '
A great deal of research relating to language learning states
that lahguage }m ig different from language acquisition.
According to Krashen & Terrell (1983) language learning is a
conscious action. Leérnirig’ a language includes learning the
grammayx and knowing the rules of the language. However language
acquisition is the development of the ability to use the language
in ordinary/informal situatlons. Congequently, all of us
acquired our ﬂ,rst' language but we also learned the in ctio
language (which may be a second or third language}.

Some of the older studies on childré.n’s'language {e.g. those
of B. F. Skinner} were dominated by the behaviourist approach to
language learning. The main point in this theory is that
language 13 an aspect of human hehaviour. ZILike any other forma
of human behaviour it is learmnt by a process of habit-formatiom.

Chomsky‘s linguistie theories and cognitive psychology
chailenged behsviourist theories. To Chomsky, the learner of a
language must not only repeat the new words that he i1s learning
but must internalize the underlying system of xules. The
knowledge of these rules governs hisg linguistic competence.
Competence in language is the abstract knowledge of the rules,
which is difiserent from hthe performance that iz measurable
knowledge. _ :

However, both Chomgky’'s and Skinner's theories highlight
that during the acquisition of the first language or the learning
- of the second language, the main comp:- . ts are:

. the imitaticon of sounds,
° the attempt by the learner to be in harmony with the
teacher in reinforceing the new sounds learned.

There are many researches related to scientific language
acquigition. According to some researchers (e.g. Strevens, 1980;
Krishna & Terrell, 1983; Widdowson, 198%; Seddon & Waweru, 1287;
Littlewood, 1994) scientific language is a second or third
language for students. Therefore learning a scientific language
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has the same features as any second or third language learning
and/or acquisition. To Littlewood {1994} language is a meang of
communication. Thus the science teacher should explain the
function and importance of smeientific language in the aspecific
sciantific subject. This procedure could be a contributing
factor towards motivating students to learn scientific language.

Some functions of scientifie language that science teachers can

refer to are:

¥ Functional needs. Whoever transmits the message desires
that the words convey the wmessage without being
migunderstood and that the transaction or instruction is

_ carried out efficiently.

* Social needs. Thie is where the language has an identity.
Whoever knows the language would like to use it in a
specific subject or socisl group.

Some- researchere (e.g. Krashen, 1981; Krashen & Terzrell,
1983; Littlewood, 1994; Graddol, Cheshire & 8wann, 1994)
emphasize that language acquisition is responsible for the
ability to understand and speak the second language easily and
well. In natural conversation the speaking tends to be quite
rapid, and attention focuses on what is said, not how it is said.
In addition Chryistie (1585} is of the opinion that knowiedge of
grammar covers . 1ly a small part of the rules.

According to Christle (1985) conscious Ilearaning car be
helpful in formal situations like examinations, official letters,
conferences, ete. Contrasting Christie’s opinion with those of
other researchers such as Krashen & Terrell (1983}, Widdowson
(1984) and Littlewood (1994} we conclude that, although learning
a scilentific language has the same features as learning any

gecond or third language, it is _generally only used in formal
situations.

2.5. ROLE OF MOTHER TONGUE IN CONCEPT ACQUISITION

This research is designed to research the role of language as a
vehicle of communication during teaching and learning certain
glectrioc terms. There are agreements among physice educators
(e.g. Cohen, Eylon & Ganiel, 1983) and other educational experts
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{e.g. Krashen & Terrell, 1983; Poyncon, 1982; Trowbridge & Bybee,
1580}, that the teaching and learning of any concepts {in
particular electric concepts) are complex processes which involva
the previous knowledge that students have in their cognitive
structure. According to Trowbridge & Bybee {1990), peychological
regearch on the process of concept development iecognizes that
the process of concept development in the clamsroom involves
inter alia: _
* The exterpal environment, since knowledge has an exterior
origin, and learning is a copy of reality.
* The growth and development of the internal cognitive
atructure of the leazmner,

Therefore concept development is a construgtion of knowledge
which results from an interaction between the intermal structure
and the enviromment. According to Fensham, Gunstone & White
(1994}, teachers should develop more classroom activities among
students when teaching new concepts. Teachers should develop
discussions about the meaning of certain words and terminologies
used in the specific context of the topic under’ discussion.
Teachers should provide activities for students to develop
manipulative skills in the use of instruments, and then ask
students to explain their procedure, as an éxercise in using the
newly acqulred terms. '

Te Piaget, the manipulation of objects is egsential for the
development of the new concept and consequently for the promotion
of good learning (Stanton, 193%0b). The intelle~t1al structure
is not innate, although the process of acquiring a new concept
has an innate origin, and the development of the rew concept is
a continuous and spontaneous construction process.

"To Collison (1974), the basils of concept formation is the
perception of stimuli, objects or events. Collison emphagises
the relationship between language and thought, arnd language and
teaching, because through language we may stimulate the mind, and
build a concrete image. Concept acquisition is a construct of
the human mind (Stanton, 1990b). The mind is organized around
perceptions of objects, events and the environment. In other

words, concept acguisition is a personal mental understanding of
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a particular phenomenon. Anyone comes across a phenomenon and

mentally forms a picture through a wide range of factors such as

social life, learning in school or another kinds of interaction
with the environment.

Many educationists consider the use of a second language as
a medium of instruction as problematic in teaching and learning
- {e.g. Carroll, 1961; Macnamara, 1966; Ramos, Aguilar & Bayan,

1867; Cooperxr, 1971; Colliscn, 1974 & Goh, 1978, all quoted by Ho,

19282} . PFor them learning science requires abilities to read and
under~' '~d gcientific material as well as the ability to
commun. ate science concepts. The stimuli developed by language
in the student’s mind develops a picture. This picture will
remalin and will become the model of that particular phenomenon
or event, From this, similar piotures of related phenomena
develop, aided by stimuli through language. In this way mental
pictures become knowledge in regard to these events and
phenomena.

Some researchers (e.g. Malherbe, 1964; Lambert & Lockér,
1972, also quoted by Ho, 1982) however claim that learning
acientific subjects through a second language may be no more
detrimental than via the students’ first language. Many first
languages (especially in developing countries) do not have enough
vocabulary to uge in the classroom, particularly in the seience
classroom. Consequently the mother tongue will not develop any
"extra” plcture in the science learner that could promote good
learning in science classes.

According to Gagne (1965, quoted by Ingram 1575} there are
eight kinde of learning invelved in second language acquisition,
inter alla:

° Stimulus. A particular stimulus configuration iz linked to
a particular response, e.g:. when a Portuguese sapeaker
learns how to distinguish and identify the vowel sounds in
English words such as "person' and "men', or distingulsh
the words "meet" and "meat", etec.

® Concept learning. Concept learning is concept formation.
This involves the process of ilsolating and extracting a
particular feature from a configuration of features that
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characterises a total situation according to a particular

purpose,

. Pripciple learning. Principle learning consists in
learning relationships between concepts and between other
principles. Principles often start with a conditional
gotion if-then.

] Pragtice., DPractice is the central actiom to all learning.

In mecond language learning practice is needed to link up

the correct categorlzation of a concept and principle

learning.

To Dewey (1933, cited by Collison, 1974) the relatiomship
between language and thought is developed in the following way:

Words are the garb or clothing of thought, necesgary
not for thought but only for comveying it, while the
larnguage is net thought. However, language i1a
neceggary for thinking as well as for communication.

Peycholeogiats and educators differ in their opinions on how
students acguire their knowledge and learn new concepts, and the
role of language in this process. To Plaget (quoted by Stanton,
1990b) children’s cognitive operations are acquired with
maturation and are less influenced by experience. However
Ausubel (1968, quoted by Stanton, 1990b} claimed that anyone
could learn & given piece of material if learning experiences
were properly structured. To West & Fensham (1974) the
methodology procedure is very important in teaching and learning.
Vygotsky (1962, cited by Collison, 1974) points out that language
and thought stem from different but Iinterconnected roote.
Children have a pre-linguist phase in the development of t+-wught,
and a pre-intellectual phase in the development of language.
Education is an opportunity to merge language and thought.

Nonetheless, there is world-wide agreement among science
educators that language in science subjects is different from
language in ordinary subjects. When learning science, students
must not only learn the scientific content, but they must also
acquire the language of gscience or scientific language (Strevens,
1980; Widdowson, 1984), which contains new words and new

terminology. Students must leaxn thelr proper meanings in the
gpecific context, becausze in this specific context scientific
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lancqua d 8 specj cept

According to Cassels & Johnstone {1978), the means of
communication in education is by words, both spoken and written.
Teaching is didactic or discurgive, but students’ understanding
of the language used is of prime importance. Science tsachers
should look at how students understand scientific words and
terminology. Only if the teacher teaches the real meaning of
each "new! word or scientific term can he develop effactive
selentifie communication with students (Watts & Gilbert, 1983).
Teachers help students to build scientific knowledge through
language. '

Looking at the language lssue, Krashen (1981) and ERrashen
& Terrell (1983) point ocut that first language knowledge (mothex
tongue) eud the instructional language have a strong influence
on subsequent language(s} acquired by the learner, particularly
the language of science. Krashen & Terrell refer to this
influence as interference. Littlewcod (1994}, using behaviourist
ideas, argues that the first language as previous knowledge
influences the second language learning as subsegquent knowledge.
This influence cap eiter help or hinder the Ilearner in .the
learning the new language{s). When first language habits help
the learner to learn the new language, these habits are called

positive trangfer. However, if first language habits hinder the
learner these habits are called negative transfer, Littlewood

confines the term interference to denote negative tranafer.
Littlewood {19894} notes two lmportant types of interference
during the learning of a foreign or second language, He calls
these pgimple transfer and gvergeneralisation, Littlewood
recogniged that these are not distinct processea, but are aspects
of the same underlying learning strategy. Both result from the
fact that the learner uses what he already knows about the
language as support to acquire the new language/knowledge. In
the case of overxgeneralisation it is the previous knowledge of
the second language that the learner uses, while in the case of
gimple transfer the learner uses his previous mother tongue
experience as a means of organising the second language he is
learning. Thege are the most common interference patterns faced
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by science students in developing countries. ¥For most of them
their mother tongues are different from their instructional
language.

To Ingram {1975) the learning of a language is like any
‘other learning, in that it is heavily dependent on practice,
repetition and imitatlon. Littlewood {199%4) however believes
that for concept learning, what is needed is a number of trials
rather than a number of repetitions. In learning a sclentific
language the learner has te combine wany demands of language
acquisition and language learning, for instance the dual demands
of language learning and concept acquisition. '

Science teachers should develgp within thelr students
various skills of critical thinking, Chiras (1982} poilnts out
that if school systems spent more time teaching skills, students
would become more efficient learnexrs. To understand the proper
meaning of words requires gareful analvsis of context. Concepts
developed by language in the students' wmind create a mental
picture. This picture remains the model of that particular
phenomena in understanding subsequent related concepts.
Communication is only effective if those who transwmit the message
and those who receive it understand the same thing (Krashen,1381;
Kraghen & Terrell, 1983; Watts & Gilbert, 1983; Ryan, 1985;
Chiras, 1992).

Relating to these issues Stanton’s opinion (18%0b) la that
the teaching process should accommodate students’ ideas into a
goientific framework constructed through interaction with the
environment. The role of the instructiocnal language during
teaching cught to build scientific concapts and reshape students’
ideas where they are not consistent with seientifio ones. A

language as _a vehiple of commupication developg' stimuli_in the
mind, Throngh the word we vigualise obij . :

2.6. ROLE OF FRIOR KNOWLEDGE IN SCIENCE

.Regearchers have observed that many science students develop
vgseientlific" concepts that differ from acceptable sclentific
norm.' {e.g. Cohen et al., 1983; Stanton, 198%0a). Often these
misconceptions relate to the wstudent’s informal learning
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environment before engaging in formal school science.

Cohen et al. (1983) note that the nature of science subjects
is such that most topics are closely related to one anothar,
Conzeyuently what has been learned in one tople constitutes the
pre-knowledge and useful pre-requisites for what will
subsequently be learmed., Ausubel streases that learning is
highly influenced by what the Jlearner already knows (Moleli,
1992). This pre-knowledge interferes positively or negatively
during learning of a new concept in formal science clazses.

Selence teachers aim to find or develop the most conducive
teaching wmethodology to enable sbudents to achleve a better
understanding of what is to be taught. Teaching and learning any
science is not simply the transferring and absorbing of new
informaticn, so that students become a “warehouse” of scientific
terminoclogy. Teaching and learning sclence entails the
modification of a large part of a student's cognitive structure,

To Trowbridge & Bybee (19%0) and Hadfield (1$92), science
teachers can only develop good teaching if they consider the
extent and nature of prior knowledge that students have before
instruction. Sometimes this kpowledge 1s aclentifically
unacceptable and contradiots what is to be taught. Widdowson
(1984) emphasig~s that when students interact with the world
around them they try to understand why things behave the way they
do. Students develop personal ideas that help them to interpret
and understand their environment, Some of these ideas arxe
considered to be incorrect from a soientific point of view. They
are nonetheless frequently well accommodated into the students’
cognitive structure. It is these ideas that are referxed to as
children'’s science, alternative frameworks, migpercepticus,
alternative conceptions, misunderstandings, stc¢. (e.g. Osborne,
1980, quote by Moleli, 1892; Watts & Gllbert, 1983; Stanton,
1990b) .

Stanton (1990b) notes some contrasting opinions and about
students’ perieptions, for examplae:

] To Fredrtte & Clement (1980) students’ perceptions are

concepts or ideas that students have prior to entering a

course, and which have some ¢~nsequence on their learning
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within that course. A misconception is & conception or
idea which from the point of view of the average
professional leads to an unacceptable solution.

] To Abimbola (1988) t. s term misconception tends to be used
by educators who think that students' prior knowledge is a
potential barrier to learning new concepts. For some
researchers (e.g. Hewson, 1981; Stanton, 19%0b) the term
"misconception” has negative connotations, implying that
the idea 1s gimply wrong.

. To Hewson (1981) altermative conceptions are prior

' knowledge that learners have about concepts or a conceptual
envirotment. These cannot simply be dismissed, and are
sometimes useful in anchoring' a mnew concept, or
:aforﬁulating cld onea in a scientific way.

° This study will regard all students’ ron-scientific ideas
about concepts and/or our enviromment as misaonceptions.
The expression "students’ environment" can be ambiguous.

Hadfield (1992) states that a student’s environment is the school

and the classroom environment. He nonetheless warns that the

role of the family in developing students’ previous knowledge is
also very important. Poynton’s (1982) language and gender
studies claim that the environment refers to all socio-eultural

Factors with which children are invelved. Looking at these
different opinicns it is cbvious that the expressiion "students’
environment” is complex because it is constituted by all external
factors around students ~ society, culture, language, Ffamily,
clasaroom and school, '

' All these factors interfere with students’ concept
formatien. Misconceptions are a world-wide igave,
Migconceptions are held by students {and even by teachers) of all
ages and all educational lavels, and are often dependent on
cultural background. Thijs and Berg (1996, gquoted by Qhobela,
1996) exemplify the universality of misconceptions in different
areas of physics. For esxample:
in mechanics, when students are agked to
- relate the concepté of "force" and ‘*motion®, or
- differentiate varlious aspect of motion;
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in_elegtricity, where xresearch {e.g. Solowmon et al. 1985;
‘Shipstone, 1985; Stanton 1990a, 1990b, 1990c) shows that some
students think that: .

- the same -amount of current is supplied by a battery,
independent of the ecircult connected, or

- the current is shared equally among the components in an
electric clrouit, or

- & cell is mource of electric current,

Most of these ideas stem Ffrom studentg’ personal obser-
vations and experiences. They are resistant to change during
teaching and learning. Numerous studies (e.g. Widdowson, 1979;
-Strivens, 1980b; Widdowson, 1984b; Ryan, 1985; Sanders & Nhlapho, .
1923; Rollnick & Rutherford, 1996) particularly emphasise that
language is a primary dource of misconceptions in science
classes. The vocabulary used in salence classes is a major
problen. |
According to Widdowson (1979 & 1984) and Strevens (1%80h) .
there are different gtyles of =a language for gcience and
technology. Bach has its specific demands. In developing
countrizs (e.g. Mozambigue), where for most students the
instructional language 18 not the first language, scientific
_1angﬁage imposes huge demands: the Indigenous language (s} lack
suitable properly differentlated scientific vocabulary (Krashen,
1981) . Scientific language strives to be more precise {Bulman,
1980) than is the noxm in ordinary everyday language.

Other studies (e.g. Bulman, 1980; Krashen, 1981; Sanders &
Nhlapho, 1993) highlight that there are other types of words that
hinder ecientific information in science classes such as:

» - ehnical terms - also called words for junction or
linking words, e.g. words such as: "because", "ag", "then",
"therefore", "however’ ...; .

L] -Paradoxical Jargon {(see page 10).

Bulman (1980} stresses that words such as "force', "energy',
'power" and "work" that have specific meanings in science, rather
different from everyday familiar meanings, often confuse
gtudentg, and are a source of special difficulties in learning
golence.
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Science students, after learning that the meaning of some
words can change in the specific context of the subject, and
knowing that scientific language desires to be more precise, then
find that other words and phrases which are used (e.g. "most",

Mas?, Ysimultaneous", "abundant" ..,} which are not necessarily
scientific, almo become a source of difficulty in the classroom
or wscience textbooks. These words interfere in sctudents’

learning, because they hesitate while evaluating the strength of .
the word (Bulman, 1980; Sanders & Nhlapho, 1993). Bulman (1280}
warng that these words, not directly connected with any specific
aubject, place a barrier between the student and the iﬁformation;
' s0 hindering comprehension and communication, .

The effect of previous knowledge (e.g. culture, family) on
learning sciences is very strong. Researchers such as Bulman
{1980} and Rollnick & Rutherford (19%s6) point out that the
personal construction of meaning is related to the linguistic
background of the learner. The lack of an appropriate language
background will interfere negatively in students’ understanding
in science classes. The teachers’ language in science classes,
and the language used in textbooks, has a direct impact on
students’ acquisition and assimilation of new scientific
conceptions.
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CHAPTER 3
DESIGN AND METHODOLOGY

3.1. INTRODUCTION

In Chapters One and Two we ahalysed the role of language in
education, more particularly in science education, as a vehicle
for communication. The main point wag how to minimise the
negétive influence of students’ previous kunowledge in
understanding fundamental electric concepts. The objective of
this study is to find out IF, and HOW, the mother tongue {Chope)
interferes with students’ understanding of these concepts. This
chapter discusses procedures used to achieve these cbjectives.

3.2. RESEARCH. INSTRUMENTS

" As instruments to collect data we choga:

. a written task, in the form of a questionnaire, as the main
tool; and )
] a gemi-gtructured interview for just a few Chope students;

used a& an auxiliary instrument conly,

The written task is shown in APPENDIX 1. It was intended
to assess sgtudents’ understanding of fundamental electric
concepts in Portuguese (instructional language in Mozambique),
and to search the role of Chope (the mother tongue) in the
learning of these concepts, and some other scientific terms
related to electricity.

The written task was compiled by the researcher, and
compripes two parts, Questionnaire 1 and Questionnaire 2.

In Quegtionnaire 1, mtudents were asked to explain how they
undersgtood twenty electric termg in Portuguese and in Chopa. For
each task they were asked to indicate the level of confidence
they had in their response. The twenty terms selected covered
three areas:

o e - ite electric concepts: energy; electric field;
load; electric charge; electicity; work.

] Basic zopcepts of DC circuits: electric resistance; current
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intensity; insulator; electric power; conventional current;
electric circuit; electric current; parallel electric
circuit; potential dJdifference; source of electromotive

force. :
] Circuit components and instruments: voltmeter; switch
("interruptexr"); (metal) wife; hat.o-y.

In compiling the questionaire, the three categories of
concepts were randomismed. _ _

Questionnajre 2 consisted of two subparts, B.1 and B.2. In
B.1 students had to translate three scientific sentences, written
in Portuguese, intco Chope. In B.2 they had to translate two
questi-ns from Portuguese tc Chope, and then answer them into
tChope. '

The second instrument was the interview, which collected
students’ know?ed~~ related to electrical texms. This auxiliary
instrument wa: 1 to collect information about the mother
tongue becausge i ' onques_do _not have a_wr
tradition. Students’ writing skills in their mother tongues are
generally weak.

The gquestionnaires described above ware administered to all
BUSCEP students in the first week of November 19%,/. This time
was chogen because the topic on electricity is taught from the
‘end of Cotober, and the researcher wanted to know what knowledge
BUSCEP students had on electricity after having done revision on
important pre-requisite éoncapts (e.g. potential difference,
electric fileld}, but before instruction on the further content
of the BUSCEP electricity course (Unruh, Li, Meng & Zhang, 1997).

The test was administered to ALL students, and in
process the Chope speaking students required for later study were
identified. Of the approximatelly 300 students, twenty-eight
were Chope speakers.

Questionnaire 2 ({sections Bl and B2} was reatricted to
twelve students cut of the 28, who had shown a reasonably
acceptable level oFf competence in answering in Chope.

8ix students were selected for the interview. These were:
. Two students 10 showed good writing skills in Chope .

. Their translations were sclentifically acceptable and
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internally consistent {"good" students).

Two students who gave many scientifically acceptable
responses {in Portuguese) but also asserted many times {in
Chope) that they are only able to respond crally. .
Two gtudents who gave wmany scientifically and internally
unace  table responses {"weak" students).

3.3. DATA ANALYSIS

The purpose of the above instruments was to investigate:

sentences.

students’ undexstanding of the twenty terms related to
electricity, such as electric current, resistor, potential
difference (voltage), electzric power;

prior knowledge (as expressed in Chope) that might help or
hinder the learning of fundamental electric concepts; '
the language in which students can better or more clearly
explain their ideas;

atudents’ attitudes to language when they find words not
translatable in Chope;

the kinds of translations used by students in scientifie

-+

To achieve these objectives the remearcher adopted the

following procedures:

3.3.1. Data from the written task

a)

Questioonaire 1

Firstly, the questions were grouped into specific sub-groups:

L Pre-requigite electrid concepts:

- Ql: energy
- 07: electric field

- Q11: load
- 'Q13: electric charge
- Ql9: slecticity
- Q20: work
[ | once o c itas:
Q3: electric resistance
Q4: current intensity
Q6: insulator
Q8: electric power
Q9: conventional current
Q10: electric cirecuit
Ql2: electric current
- Q1l4: parallel electric clircuit

L S B B |

1
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- QlG:'potential difference
- Ql7: source of electromotive force

e g_;gult gompgnen; and instruments:

voltmeter
- QS switeh {(Yinterrupter®}
Q15: (metal} wire
Q18: battery

After this the researcher analysged, question by question,
the responses in Portuguese and Chope for ewch student. The
responses were cooded and summarised in the tables given in
APPENDIX 2. _ .

For each question, a commentary was compiled on main
features of the responses in Portuguese and Chope, as well ag
notes on consistenciea or inconsigtencies in the two languages.

_After this we attempted to look for commonalities acrosa the
" sup-group, and this analysis is summarised in Tables to be
discussed in Chapter 4. We looked for particular responsea
congidered to be influenced by local factors (e.g. language,
economic, childhood environment}. The intention was to find out
how students relate Chope, Portuguese and descriptions of
electric concepts.
b) Questicauuire 2
This dquestiornaire comsisted of twe sub-gections: Bl and B2,
These wer.. related to translations and students’ answers about
specific sentences and questions respectively. Students!?
responses were coded and summarised in the Tables given in
Chapter 5. A qualitative analysis was done on these responses.
c) ¥inally, we compared the comments and conclusions made

about the two questiomnaires (Chapter 6).

' 3.3.2. Data from tapes

The objeccive of the tape recordings was to assess:
1. students’ speaking performance in Purtuguese;

2. students’ declared understanding of scientific terms used
electricity;

3. students’ speaking performance when using scientific terms
in Chope.

The tapes were uged as a reference onliy - to refer back to

particular points - and no transcripts werc ade.
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CHAP{ER 4
ANALYSIS OF QUESTIONNAIRE 1

4.1. INTRODUCTION

This Chapter analyses the level of students‘’ performance as they
explain their understanding of a list of twenty fundamental
electric concepts in Chope (their mother tongue), as well as how
they understood the same concepts in Portuguesge (Mozambican

inatructional language) . The voncepts investigated f£all into
three categories:
. Pre-requisite concepts

(Questions: i, 7, 11, 13, 19 and 20);

. Bagic concepts of DC eircuits
{Questions: 3, 4, &6, 8, 9, 10, 12, 14, 16 and 17);

» Cirouit components and instruments

(Questions: 2, &, 15 and 18).

The questionnaire was adminigtered to all BUSCEP atudents,
but this detailed analysis of responses is given only for the
twenty-eight Chope speaking students who re=ponded in Portuguese
and Chope.

Tables were prepared for each question, in which the
re. ponses were goded according to the main ldea~ predented.
Codi g are indicated in the key at the bottom of each table.

] A raspopse is indicated ag ®%¥.

e A blank is indicated ag "-m,

L Where studenty gave pther responses outside of the
- cat. gorised main ideas, this is indicated as ®ov.

L For ‘he Chope part of the questionnaire, some students
indic. ted they could not give a written Chope response, but
would »e able to respond by gpeaking (*8") about it.

® A gomp:ztelv blank responge, i.e, no response in either
Portugue e or Chope ig indicated as "-/¥, .

[ ] A studer who claims, either in Portuguese or in Chope,

that hx/s12 hag no idea whatsoever idea about the concept
agker., 18 indicated as "D,
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4.2-

Mo /0 and wpe resﬁonses effectively decrease the number "N~
of regpondentsg

entg.
[

The last ceolumn dencted "comments" was used to aggist in
looking for gomsistenry in explanations across/between

languages, or students that gave twe different ideas in the
same__ language (inconsistent explanation in the same
language) . . .

- For consistent explanations across/between languages
we have used bold comments (e.g. F«I and C-&),

- For two different ideas in the same language (either
Portuguese or Chope) we have used italics {e.g. F-C
and r-6). S

This column asgists in looking for other information such
ag: :

- A completely blank responge in both languages;
- The effective number of respondents;

- The relationm.ip between responses in Portuguese and
- ir Chope; '

- 8ingle responses (i.e. responses in either Fortuguese
or Chope, but not both).

PRE-REQUISITE EIL.LECTRIC CONCEPTS
(Questions 1, 7, 11, 13, 19, 20)

4.2.1. QUESTION1 (Energy) (TABLE 4.2.1 of APPENDIX 2)

Students gave THREE main ideas about ENERGY in Portuguese:

. E: Energy enables an chject to do work;

F: Bnergy is a force produced or necessary to do work;
C: BEnergy is electric current.

In Chope there were TWO main ideas:
I: Intamo (force);

J: Guezi (elactriclty, electric current).

DISCUSHLION

a)

Responges in Portugunese

Nine students recalled the textbook definition of energy as the
abilitv/capacity of an obiect to do work., Only one student, C8,
particularly connected electrical energy and electrical work by
mentionihg in his response an glectric object. The other elght
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did not relate the question to electricity. These respondents
wera all male. Some responses were:

C5: P Energia é a capacdidade de realizar trabalho
. B: Energy is tha capagity to do/realise work
© CA: p: Energia eléctrica € a capacidade gqua um corpo eléotrice tem de
realizar trabalha
E: Electric energy ia the capacity that an electric objsct has to

do/realise electric work
Seven students (5 male(m), 2 female(f)) understood energy
an a forge produced or necessary to do work. Eight students (3m,

8f} defined energy as eslectriec curxrepnt. Five students {(2m, 3f)
defined energy as heat or tranasformed/transferred heat that
became woxk. BSome students regponded in more than one way. For
example €l and €2 both gave two rasponees. The following
regponsge was identical ror hoth:

P Energia d quentidade de trabalho que uma for¢a realiza ao longo

de um deslogamento
E1 Energy im the quantity/amount of work that is duna[raaliﬁad by a

Eorce when moving pomething (changing position)
The following responses were gimilar:

el P: Entenda-se também por energils s forga da corrante aléctrica que
& ugada nos rddics, gravadoeres (aparelhos aldctricog)
Bt Understanding also that energy is the electric current force usad

in elewtric inatruments auch as radics, tape rocords

c2:  P: Fpergia € a forea eléctrica
B2 Energy is electrie force

Although this study does not specifically address gender
imsues, it seems that femalea prefer to define energy as electric
aurrent or transformed energy. Maleas prefer to define energy as
a force, or force necessary to carry or push something, i.e. to

do work. Some miscellansous *definitions® are given in the
following examples:
CL6: By BEnergia & gquantidade de calor
B: Energy is the cuantity/amount of heat
Cl7: P: Energia & temperaturs
E: Energy is temperature
C19;: P Energia & fluxo de electrdes num determinado econductor
B Energy la electrons flowing in & conductor

b) Responses in Chope

Eleven students understcood energy as intamo (force), while four
understood ernergy as guezi {electric current or gilectricity).
Three could not write in Chope. Seven left the answer blank and
three gave vague and/or ambiguous respcenses. This seems to show
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that students are unaccustomed to responding IN WRITING in Chope.
c)  COMMENTS .

Seven students were congistent in their undexstanding in both
Portuguese and Chope. For five students energy is force
{(Portuguese) and iptamo (Chope) (F-I), while for two students
energy is glectric currepnt (Portuguese) and guezi {Chope) (C-G).
Thege responses were scientifically unacceptable =although
internally consistent. .

Seven students {3m, 4f} gave two inconsistent ideas about
energy in the same language. For two students (lm, 1f) energy
iz the force ceagary to d ealise work and the gapacity to do
work. For three female gtudents energy is electric current and
heat or transformed/ transferred heat (in Portuguese), while for
another two male students it is intamo and guezi (Chopa). '

Seven students had a language problem. Their answers were
acceptable in Chope, but be¢ame incorrect when they wrote them
in Pottﬁguaae, because the words intamo and guezi have more than
one mweaning in Chope. They chose a nen-applicable word in
Portuguese, thus apparently destroying their intended scientific
meaning,

4.2,2. QUESTION 7 (Electric field) (TABLE 4.2.2 of APPENDIX 2)

Students gave only ONE main idea about the ELECYTRIC FIELD

in Portuguese:

E: The electric field is an area around an electric charge
where the effect of the charge iz felt.

In Chope they also gave ONE main jidea:

U: Ukalo kumbe yi thembwe ku pfalaku intamc wa guezi
(are?, place or region where an electric force iam
felt).

DISCUSSION

a) Responges in Portuguege

Fifteen students understood an electric field as a gpace or area
arou ' rie charge | the effec £ the c an_be
falt. M#Many studenta {e.g. 02, €18, €15} define the electric
fleld in the followlng way:
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P: Campo eléctrico & um espage ou area a volta dums earga eléctrica
ou dum gorpe electrizadc onde pe faz sentir o efeiteo or foiga
axercida pcr uma carga eléctrica

B The electric fisld ia a space or area around an electric chaxge
or any electric object in which the effect or force axerted by
these electrie charges (electric obiecta) can be felt

Nine students gave different explanations :

Ca: P: Um campo eléctricc ¢ um lugar onde existe electrigidade
B: A electric field ig s place where electricity exists
c1gy:  P: by ca.mpo eldctrice faz se sentir nos arredores de um iman. Por

examplo aproximsmos um iman a pedagos de ferrc eleg sfc atraidos
devido ao campoc eléctrico nos arrpedores do iman

B An elactric fleld is felt around a magnet. For example, when a
amall piece of iron is put close to a wagmet it is attracted,
because an electric fileld exists around a magnet

c8 is wvery vague, while €19 is confuged between maggatig and

alsctyic Fialdpl

b) Responses in Chope .
Eleven students defined an electric field as the regilon or field

in which the electric force or forge of electricity can be felt:

c2: Ch: Electric field ukale kumbe yi thembwe &hawa (amua) kuphalako
intamo wa guerl -
E: Eleatric field is a field/limited area in which the force of
alectricity {or electric force) can be felt

In these responses an expressgion for electric charge does
not appear. This suggests that in Chope an expresasion for
i jo charge - nt_or _ on . Four students
agserted they were able only to respond orally. WO gave
unqualifizble ideas, while eight left the response blank. Three
students had no idea what an eleriric field is.

o) LOMMENTS .
Eight students gave gongigtent answers in both languages (7 E-U
and 1 D-D). The former, (E-U), understood an electric £ield as
_ legtyri ardge whe ffact of this charge
can be felt (Portuguese), while in Chope they give ukalo kumbe
yi thembue ku phalaku intamo wa guezi (area, place or region
whvre an electric force is felt). This conveys tlri rame general
idea, except that they cannot use the expression slectric charge
or another equivalent, but it is impiicit that something createg
g. field around the chaprge, i.e., ther 4 gourge ' th

glectric field.
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4.2.3. QUESTION 11 (Load) (TABLE 4.2.3 of APPENDIX 2)

Students gave TWO main ideas about a LOAD in Portuguese:

E: A load is anything that it is carried/delivered;

Q: A load im the guantity of electrons transported by the
alectric current.

In Chope they gave TWO main ide=s: :
I: Intuale/inthualo kumbe tchidjumba {anything that it is

carried/transported) ;
G: Intamo wa guezi (electric force or force of
electricity) .
DISCUSSION

a} Responges io Portuguese
Fourteen students out of 25 understood a load as apything that

has wejght, or that can be transported by a leorry, animal,..
C2: P: Carga & tudo o quea pode ger transportado

E: Load ia anything that should be transported
¢12: BP: Carga & tuds, & peso de coisas, podemos sentir

B: Load is auything, iz waight of thingsfgoods that we can feel

Ten studercs (e.3. C7, C25) understeod a load as a guanktity
of electrong that a body hag, while for (19 2 load is a quantity
of energy that a body has:

c28;: P C‘arig‘; & guantidede da electrfes ganko ou cedide por um elemanto
quimico :
B: Load is quantity of electrons acguired or given by a chemieal
elemant :
8ix responses incorporated both ideas:
C13: BP: 0 concalte parge 8 tem multo signlficadnd, & mercadoria, aly ﬁue

e poda carregar num camido, navio, por uma peseor etc. Outro
slgnigicado &, carga & uma particula gue possue excessd the
elestrfes u de procdeg, tamhém a gquantidade de chuva.

By The zomaeat, load hag more than one meaning, Load i3 a commodity,
rometllng that can be carried/tranaported by a person, car, lorry
shi  wke, Another meaning of leoad im a npartiele that has an
axcess® of electrons or protops., Also a load is a quantiky of
railn. : ,

b} Responses in Chope
Twelve gtudents understood a lead as inthualo kumbe tchidjumba

(bundle or anything carried by a vehicle or animal):

c1: Chis ZSarga, simaha si rualuake nguthu, ngumr-ra, ngutchl-kotchikana, in
thengo wa intemo wa gueri kumbe ditsui ns mathi ya ndzumani
B: Load is anything that we can carry by car, wagon; da quantity/
volume of alectrio foree; is quantity of waber that falla in a
short time when it iz raining

Six students related load with electrie current. For them, load
is intamo wa guezi {(electric forcve or force of electricity).
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) COMMENTS

In Portuguese the concept load is called'carga {charge). Thua
the word carga invoked many ideas in gtudents’ meanings:

* carga weaning a load;

* carga meaning an electric charge;

* - carga meaning a volume or quantity. _

Regpongeg called "special" in Table 4.2.3 (e.g. E-Q, I-G)
guggest that students know the importance of being precise when
talking or writing, otherwise words develop differsnt wmeanings
or change meanings in gpecific contexts.

Fifteen students gave consistent responses across both
languages. For eleven students ({21 E-I) a load is anything that
ig carried (Portuguese) and inthualo/intualo kumbe tchidjumba
(Chope), w-aning the same as thé Portuguese. Four students {4
‘-0, understood load as an {excess) cquantity of electrons that
a body has (Portuguese), and as intamo wa guezi which can mean

an electric quantity (Chope).

4.2.4. QUESTION 13 (Electric charge) (TABLE 4.2.4 of APPENDIX 2)

Students gave THREE main ideas about ELECTRIC CHARGE in
Portuguesa:
C: It iz an accumzlation of elactricity or slectric
capaclty;
P: It is an electric particle;
A: Different explanations - but internally consistent.

In Chope, they gave only ONE main idea:
I: Intame wa guegi {elegtric force or force of
electricity).

DISCUSSTON
a} HResponsesg in Portuguesge
Nine students wunderstood electric charge as a guantity of

electricity produced and agoumulated or as a qusntity of energy

in an electrical device.
C5: Py Carga eléctricd € a quantidade de enargia acumulada por certos
eleméntos elfctricos tais como: acumiladores, batexias or
. capacltores
B Elestria charge 1s a guantity of accumulated energy by cextain

elactric elements, such as: acoumulator, battery, capaciter
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L1 B: Caxge eldetrica € a guantidade da electricidade produzida e
. acumulada
E; Electrie charge iz a gquantity of electricity produced and
accumulated

Some of these responses are ambiguous or imprecise. C1 does
not clarify WHAT is produced cor HOW i1t iz accumulated.
Four students {e.g. C1ll, Cl1l5) understood electric sharge as
a small particle which hasg the coulomb as unit:
¢23: P: Carga eléctrica 6 a capacidade de ammazenamento  de energia
eléctrica que um corpo possui, € uma pegquena particula que tem
come unidade coulomb

E: Flectric charge im the capacity that an objeat has to store
electric energy. It is a small particle with coulonb as unit

Six students gave different explanations:

c12: 2: Carga eldctrica & peasc
E: Flestric charge is weight
‘Q26: Pi Carga eléctrica & a matdria gue uma particula tramsporta
E: Elactric charge is materizl/substance that a particle "delivers"

Students’ explanations were influenced by the '"key word".
The expression "eledtric charge" consists of the two words -
Pelectric" and "charge”. Students-tbok as the key word "charge!,
understood as "load". The source of misunderstanding was a local
factor (ordinary meading of the word “charge" {[load in
Portuguese) ). '

b) Responges in Chope

Two students understood electric charge as electric force or
forece or electricity. Three students claimed they wers only able
to answer orally, while another 13 students asserted they had no
idea what electric charge is.

Regponses showed that the concept is uncommon in Chope.
Hence studenta’ knowledge about electric charge is very weak.
¢} COMMENTS '
The concev+ of electric charge is difficult for many students,
ag evident in responses in Chope as well as in Portuguese.
Fourteen students had no idea what electric charge is in either
Chope or Portuguese. Answers showed that many students responded
in Portuguese without any previous knowledge as foundation in
Chope. '
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4.2.5. QUESTION 19 (Electricity) (TABLE 4.2.5 of APPENDIX 2)

Students gave THREE main ideas about ELECTRICITY in

Portuguese:

M: It is electric current motion or motlon of electric
charge;

C: It is a "Chapter of Physics' or sgience which studies
electric phenomeéna;

Q: It is heat or calorific energy.

In Chope, sgtudents gave TWO main ideas:

N: Yi guezi kumbe indilc wa guezi (electricity or electric
current!};

*N: Indilo wa guezi (electric flre of fire of electrlcity)

DISCUSSION

'a) Responses in Portuguese -

Five students understood electricity as a motion of selectrons or
electric qurrent supplied by a generator:

oLt P Electricidade sdo aggociagdes de electrles em movimento
E: Elactricity is the motion of an asscciatlon of electrons

oL P: B‘lea:‘:ric.:dada &€ uma corrente eléctrica produzida por um gerador
B: Elactricity is &n electric current produced by a generator

These responses are not completely acceptable. What kind
of motion do the electrons have? What ig an “association of
electxonat? Students showed a common misunderstanding that a:
generator supplies electric current, rather than being primarily
an energy source,

Seven students recognise electricity as a science or
"Chapter of Physlcs' which studies electric phenomencna:

c22: P ‘Electricidade & um capftulc gque retrata o estude geral de
movimente de electrdog
B: Electriclty is a chapter, which looks at the geneyal atudy of the
© metion of alectrong

C4: hof Electricidade € a cléncile relatlonada com correnta.

E: Electriclty 1s the science related with current

Seven students understoed electricity as heat or galorific
energy or light. Responses showsd that students related
electricity with an agtivity of sorts.

b) Responges in Chope

8ix etudents understood electricity as indilo wa guesi, i.e.
electr.clity relates to heat or light. Eleven students understood
electricity ag guezi, (electricity or electric current, a general
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"definition" of electyicity in Chope):

Ca: ch: Indilo wa guezl
E; Electricity is light/heat {ie fire of ele.tricity)

Cc1: Ch: Elaotricidade yi guezi
E: Electricity is electric current/is slectricity.

Two students claimed ne idea about what electricity is, while
another two asserted they were only able to answer orally.
¢) COMMENTS
Electricity is familiar to many students. However they have a
different idea of it in Chope and in Portuguese. In Portuguese
students have more than one perception, while in Chope there is
basically only cne idea (electricity yi guezi, indilo wa guezi}.
The expression guezi in Chope has more than one meaning: it
is difficult to assess if students who responded -P-N or “-"-*N
had guessed responses, or whether they understand the concept of
electricity better in Chope than in Portuguese.

As in Question 1 on energy, females prefer to relate
electricity with heat. :

4.2.6 QUESTION 20 (Work) (TABLE 4.2.6 of APPENDIX 2)

students gave THREE ideas about WORK when responding in
Portuguesa:

W: Porce times displacement;

P: Displacement created or produced by a force;

E: Result of a foree done by an animal, person or engine.

In Chope students also gave THRER idesas:
K: Inthume kutikaratta kumbe kutchukumangu tchomaha
(effort to achieve anything};
I: Inthume (work);
N: Ndjikombitso teha inthumo wanthu (work is something
that a persun wade/did which can state/show).

DISBCUSION

a) Responses in Porttiguese :

Five students recalled textbook definitions to explain how they
understood the concept work, of whom two recalled equationa:

C22: Pr Trabalho & o produto de uma forgs palo seu deslocaments, gue pode
gar positive ou negativo dapendende dz forgam aplicada em relaglo
ao referencial . .
E: Work is a result/product of foree times displacement originated
by action of the force. The work shouild ba popitive or negative
according to the avtion of the force on the object in relation to
the reference
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oir: P Trabalbo & o resultado da variagio de energia devido a decipagfo
dagta durante ¢ degiocamento dum corpo
E: Work 1is the wxesult of a wvariation of energy, because of
transformation of emergy during dilsplacement of the object
Seven students understood work as a displacement created by foree
applied to an object:

c8: P: Trabalho &€ um deslovamento preduzido por uma forga
: B; Work is a displacement: produced by a force

Nine students understood work as result of force done by an

animal, person or engine:

C16: P: Trabalhe &€ a forga gue um homem faz ec realizar as suag
_ actividades, para o geu bem
B: Work 1s the foree done by a man when he is realising/doing a
. task/activity useful for himself
s P: Trabalho & acgfo de executar ume tarefs
- H: Work is action to realise a task

Four studerits stated different perceptions:

Q17: P: Trabalho & uma forga pioduzida por vm movimento de um homen,
anrimal, ocu um apareiho )
B: Work is a force produced by & motion of a person, animal or
apparatus ) . .

What do students intend by ce produced motion?

b) Responges in Chope .

Two students gave internally consigtent answers, understandable
to any Chope speaker. '

¢16: Ch: Inthumo/intumo ikutikarata kumbe kutchukumaka inthu a tchilava
tchamaha
E: Work is the effort made by anyone when they wish to achiave
asomathing (~xr work is effort to achieve somathing)

Eight students defined work ag inthumo without any comment,
Responses showed that students were influenced by local factors
and commom understandings. The concept Inthumo, as with the
concepts guezi and intamo, has wore than one meaning, and the
intended meaning can only be conveyed within a specific context.

Flve students understood work as njikombitso tcha intkumo,
meaning the result or something that "can be stated", ox done by
& person:

CE: ch: Inthumo pgu ti amshaku inthu tikuai tehatchazelo
B Work is anything that is done by man and produces a reault

c12: ch Inthume ngumaha txemaha ngu adzila yo uoneks .

B Wark 18 te do something that can ke stated or anyone can
appreciate
o) COMMENTS

-For many students the cbncept of work is very Familiar within the
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oxdinary vocabulary. In spite of this, they found it difficult
to explain. As with the previous guestion (Q19) on electricity,
-one reason is weakness in Portuguese, and the inability teo use
language to get to the specific meaning within a scientific
context. Nobody left the response blank in Portuguese, while in
Chope nobody claimed they had no idea about the concept, although
five left the response blank.

4.2.7.  GENERAL ANALYSIS OF PRE-REQUISITE ELECTRIC
CONCEPTS (Questions 1, 7, 11, 13, 19, 20)

We now give a general overview of the whole sub-group of
questions relating to PRE-REQUISITE ELECTRIC CONCERTS ,

- We looked at how prior knowledge in Chope may interfore with
the learning of these pre-requisite concepts. Other "1ocal“
factors (e.g. common usage, childhood environment) were noted
where of interest. ' ' '

Students’ responses were coded and summarised in TABLE
4,2,7.1 and TABLE 4.2.7.2 on page 38,

It wasa generally obeerved that before the BUSCEP course,
. students had some limited acquaintance with fundamental electric
conceptse. However, although they are zble to manipulate some
elegtric ingtruments (e.g. cell, ammeter, interrupter), few are
able to give agceptable/scientific argumentsz about their
knowledge regarding the fundamental principles of electricity.
Energy and slectricity
When students respond in Portuguese, many give scientifically
unacceptable explanations .>r concepts such as energy {(Ql) and
- electriwity (Q1l9) although these explanations were gometimes
internally ccnsistent. In Qi, for instance, 21 students cut of
27 usged "common' definitions/explanatione to describe energy,

such as energy is a force necessary to do work or energy is
glectric current.

It was evident that students understangd gm as an obvious -
activity, i.e, energy is related to any activity, or work; or

energy as electric energy is something that is useful (e.g. to
light bulbs or heat an iron or stove}.
In Q15 (electricity), 17 responses were influenced by "local
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TA BLE 4.2.7.1: Summary - Pre-requisite concepts (Chope)

Students' responses in Chope
Questions.
Code 0.1 Q7 Electric Q11 Q13 Electric - Q19 Q20
Energy field - Lead charge Electricity Work
B 0 10 12 0 6 5
G 15 11 & 0 0 2
M 15 0 6 5 17 8
W 3 2 1 3 0 1
D 0 I 0 10 2 i]
B 7 8 4 3 3 5
5 3 2 6 3 2 4
Code
E: Student gave unacceptable "definitions” or expresaions Influenced by 'neal factors;

Studenk did & good tanslation into Chope, and showed good uncersandings in Chope, His/her
understandings are sclentifice 'y acceptable, and r:n be understood by any Chope speaker;

Student used general definiions without any explanation;

Student gave incorrect response;

Student elaimed no idea what the concept is;

Student left the response blank;

Student claimed ha/she can only respond orally.

fEPER @

TABLE 4.2.7.2: Summazy - Pre-requisite concepts (Portuguese)

Students' responses in Portuguese
) ' Questions
Code o1 Q7 Electric | Q11 Q13 Electric Qi Q20
Energy field Load charge Electricity Wozk
R 9 5 0 )\ 0 5|
A 0 0 ] 10 9 5 0
TE | A 0 7y 0 3 9
W | 10 9 i 6 7 Wl
D 0 1 0 0 0 0
B 0 1 3 4 5 0
Code

Student recalled textbonk definition to explain his/her understanding about the concept
Student pave acceptable definitlon in his/her own worda

Studant gave unaccepinble definitions or expressions influenced by local factors
Studerl gave incorrett response

Student claimed no idea what the concept i

Student left the response blank

wozme¥
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factors". For instanc~ ten students saw electricity as indilo
wa guezi (electric fare or fire of electricity). This
understanding 3is created by how students interact with
ele~tricity. Many of them use electricity in their everyday life
to iron their clothes, or to cook their food or to light bulba.
All thege ghenomena are related with heat.

Load

In Qil, 24 students understood a leoad {charge in Portuguese) as
ething that is ¢ i or gan be g ed, This

understanding was also showed by students who underatood load as

electrie charge. For these students electric current is

something that flows gg;;xigg_g;gg;;ﬁ,__&_*g*_g_;gagL

Eleatric charge and field

However when students consilder concepts such as electric field
(07) or electric charge (Q19) (concepts uncommon to the studsnts’
ordinary wvocabulary or ewveryday life), they recall textbook
definitiona, or support their explanations with knoWledge'
acquired in science classes (in Q7, 15 astudents out of 25 gave
textbook definitions) _

Students’ strategies for defining an electric fiaeld in Chope
" were @8 follows: The concept of an electric field 1s constituted
by two words "electric" and "fieldr. Students chose the word
field as the key word to understocd the concept. The concept of
a field (area arcund under influence of... OR limited region) is
very familiar te any Chope speazker. Students associate the word
"field" with the expression intamo wa guezi (force of electricity
OR electric force). Through this procedure they understand
electric field as ukalc kumbe yi thembwe ku pfalaku intamo wa
guezi {area arcund a charge where an electric effect lg felt).
The same strategy was applled for Q13 (electric charge) but
students’ understanding of the key word ‘charge" was
geientifically incorrect so that their understanding of the
concept electric charge was also wrong.

gtudents’ understanding of the electric field 1s based on
analogy and assoclation of previcus knowledge. Sometimes this
procedure is not useful due to the multi-meaning of Chope words.
For example the expression intamo wa guezi also characterises the
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ictensity of the elegtrig field., However a good speaker of
Portuguese or Chope is able to recogﬁise within the context when
the expression intamo wa guezi (electric force) means the area
under the influence of the field, or when it characterises how
the force of the interaction is felt,

Work .

The concept work (Q20) is (like load, electricity and energy)
very famlliar to many students. Nonetheless they have differing
perceptions. They understand that the everyday definition of
work is not scientifically acceptable, so they avoid giving a
"oommon' explanatiorn. But they also do not know how to define
the concept scientifically, although they have a vague idea they
should include the concepts "force' and/or "displacement™.

When students respond in Chope about oconcepts that are
common in everyday life, they prefer to "translate" the content,
or explain in their own words how they understand the concept.
Often students support their explanation with ordinary knowledge
acquired from local factors, or use a common "definition® without
giving any explanation {another impact of local factors). For
inst . e in QL, scme students who understood gpnergy as glectric
current or electricity gave a common definition, or electricity:
intamo wa gquezi {alectrid force or force of electricitv}. Their
explanation/understanding is internally acceptable in Chope.

Responses in Chope ahow that studenta understand moast of the
pre-regquisite concepts wused f£oxr this remearch as guezi
(eleaﬁriuity or electric current), intamo wa guezi (electric
force or force of alectricityj and a few as indilo wa gwezi or
intwengo wa guezi {alectrio fire or fire of elaakricity). Chope
is characterised by a weak vocabulary l.e. one word im Chope
gdovers many concepts.

Students’ misunderstandings in Chope can hinder their
scientific understanding: for instance, while in Chope the
expression intamo wa guezi (electrie force) characterises many
electric concepts, in Portuguese we have an expression for gach

concept.
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4.3. BASIC CONCEPTS OF DC CIRCUITS
(Questions 3, 4, 6, 8, 9, 10, 12, 14, 16, 17)

4.3.1. QUESTION 3 (Electric resistance)
(TABLE 4.3.1 of APPENDIX 2)

Students gave only ONE main idea about ELECTRIC RESISTANCE
in Porgtuguese:

M: Electrlc resistance ie a frictien or fricticnal force
which opposes the motion/flowing of electric current
(MOT generally regarded as a gquantitative measure of
this opposition).

In Chope they gave TWO main ideas.

T: Intamo wa kutd tchukumisa ka waiela loko yi tcthfalela
guezi (Force/effort oppesing the passage of electric
current in a wire); _

B: Njimaha tchitsimbako ku guezi yi phinda yotse ka waiela |
{Something whic. prevents all/whole electric current
pasging through an electrie wire, or devours/uses
electric current when passing through the wire).

DISCUESLON
a) Responses in Portuguese
Fifteen students understood electric resistance as a feature of

~ electric elements that hinders the electriec current, or ag a
friction in the wire that opposes the flowing/motion of electric
" current as it is passes through the wire. B8ome resgponses were:

co: =N Resisténeia eldetrica 4 a condigio desfavordvel que os materiais
oferacem a condugdo da corrente eléctrica, lstko &, a capacldade

eléctrica doy fios eldetricos
E: Blectric registance is an undesirsble condltion of a materiul for
conduction/flow of alectric ourrent, i.e. is the elactric

capacity of the electric wire

C024: P Regigténcla eléctrica € a forga de atrito gque os flos exercem
sobre a corrent elécerica
H: Electric resistance is the Ffriction forge that the wire has for

electriec flow

Other responses were ungualifiable, vague or gonfused. e.g.

cy, P: Resiaténcia aldotrica 8 a capacidade de epérgia gque o corpe
possui ou seja é a voltagem de um determinado corpo
E: Electric resistance is the gnergy that something has, i.e. is tha

voltagas of any chiect

b} Responses in Chope
Five students defined electric resistance as the pize/level of
the opposition to the motion of electric charge:
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c1z: ¢Ch; Tehikaratu kumbe ngu intamo w2 kutl tchukumisa ka waiela loko yi
tchi pfalela guezi
E: It the effort or the valua of the effort which ia done by the
electric conductor when doing/making a barrier for current
flowing or to hlock electric current

C24: Ch; Tehisinamise tehikombako kuhambana ka mi- mo wa mawaiela yi guezi
E: Is the amount that repregents the difference in value of the
level of opposition of different electric conductors

Five students understoed electric resistance as "something
‘that develops a barrier to electric current when it is flowing
through an electric wire, or as something that "devours" or
"uges" electric current in an electric wire. e.g.:
céa: Ch: Electric resistdnes njimsha tchitsimbakeo ku guezi yl phinda

B Elactrie resistanca is momething that does not allow all the

electric current/electricity to pass through an electric wire

ClQ0 gave a rather lengthy explanation:

Cl0: <Ch: Resistanca eleotric intamo uo kutd tchukumissa ka waisla ya guezi .
loko yi tohi pfalela guezi kuva yi tei phindi inka waiela. Loko
intamo wa kutli tchukumissa inl wa khembe niresistenci electrica do
pfala yotee guezl bhambi nkni tumigra yotse. _

B: Blectric resistance is the £riction of the slectric wire, which
hides the motion of electric charge through it. When the value
of friction 1s high elactric registance could blogk/vlose all
eleatric current or use or consume/devour it complataly.

Three students claimed they could only give the answer verbally,
c) COMMENTS S

Five students defined correctly what electric resistance is in
Chope, but many explanations in Portuguese were not

scientifically aagceptable, Even students that showed good
understanding in Chope gave vague and inconsistent explanations
in Portuguese.

Four students gave gongistent responses (M-B} in both
languages. Eleotric resistance ig "friction that blocks/hideg
the motion of electric current through an electric wiret
(Portuguese), while the same ildea ia conveyed in Chopée: njimaha
tchi teimbako kumbe tchi pfalelako guezi kuva yi phinda yotge iInka
waiela.

The response combinations M-"-* and 0-"-" suggest that some
gtudents prefer to give responses in Chope only when they have
 confidence with these responses. When answering in Portuguese
they guess the repponse rather than claim they are unable to give
any answer. Eleven students left the answer biank in Chope but
gave vague and ingonsistent angwers in Portugusase,
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Four students who gave correct explanations in Chope -
Intamo wa ku tchukumissa or tchisinamisso tehikombaku (quantity
or value of oppeosition of paswage of electric current) - answered
incorrectly in Portuguese (M-T). Agailn the multi-meaning of
intamo and the choice of a non-applicable word in Portuguese
caused misunderstanding with the Portuguese response,

4.3.2. QUESTION 4 (Electric current intensity)
(TABLE 4.3.2 of APPENDIX 2)

Students gave only ONE main idea about ELECTRIC CURRENT

INTENSITY iun Portuguese:

Q: Blectric current intensity is the quantity of electrlc
charge flowing into an electric conducstor/elsment wner
unit time.

In Chope, students gave TWO main ideas:

I: Intamo wa guezi (Electric force),

M: Intrﬂngo kumbe imphimo wa guezi yi phindake ku (The
quancity of electric current or electricity that passes
through} .

DISCUSSION
a) Responses in Portuguese
Fourteen students recalled the textbook definition:

¢13: PB; Intengidada da corrente eléctrica € o valor, a gquantidade, da
corrente eléctrica que atravessa um(a) secedo dum conductor por
unidade de tempe
E: Eleutris current diptensity is the walue, the quantity, of
alectric ocurrent which crosses or flows through an electric
conductor per urpit timae

Eleven atudents stated different ideas:

Cd: P: Intensidade da corrente eléctrice € a forca com que a corrente se
manifesta _
E: Blectrie current intensity is the force manlfested by the current
oL =F Intensidade da corrente gléctrica 6 o volume ou poder da corrente
elé&ctrioa
E: Electric current intenaity is the woiupe or power of the electric
© ourrent
C26: BP: Intensidade ds corrente eldotrica & o poder ou a forga que a
corrente eléctrica tem
B: Electric current intemnsity is the powexr or forge that Lha
alectrie current has
Cio; P Intensidade da corrente eléotrica &€ corrente eléctrica intensa,
lgto &, forte
E: curreitt electric intensity 1s intense elactric gurrent, i.a.,
strong )
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What did students have in mind when using the underlined words?
b) Responses in Chope

Seven students understood the concep' of current intensity as
intamo wa guezi (glectxig force or force of electric current or
electricity)

Cl3; Ch: Intensidade da corrente eléu®ysa intamo wa guezi
E: Electric current intensity is electric force

ClB: Ch: Intensidade da corrente eléctries iptamo wa guezi yi taimbilakeo
ka ngoty ya guezi
E; Blectric current intensity is eleéectric force of current that ia
flowing inte elsctric wire .

Four students understood current intensity as the quantity
of current or electricity that flows through an electric wixe or
electric element:

Ci: Ch: . Intensidade da corrente slect intsenge ou imphime wa guezi yi
. phindago inkga si gotso sa v = kum inkama uo kari .
B Blactric current intensity is the amplitude or quantity of

electric curr * or electriloity that flows into electriec elementa
per unit time :

The remaining responses were blank or ambigucus. Two

students claimed they could only respond verbally. Two 4id not
know what current intensity is.
¢) COMMENTS '
Pourteen students recalled the textbook definition to explain
electric curraut intensity in Portuguese, of whom three were able
to define corractly what electric current intensity is in Chope.
Three of them gave gonsistent responses in both languages (Q-M) -
"gquantity of electrie charge that £lowa per unit timet
{Portugunese} and the equivalent in Chope: "Intsenge kumbs
inphimowa guezil yi phindago kutchi kati tcho kari®,

Ten regponses {5 Q-"-v, 4 QO-t-n; 1 M-P-1} qgged the
expresslon intengidade da corrente electrica when responding in
Chope, suggestiug that the concept "electric current intensity"
i ugusual or nonexigtent in the vogabulary of Chope speakers.
Five students (0-I) were not able to give a Chope equivalent of
Yourrent £flowing or passing through..." but used the word intamo
to express "value", -awmount®, "guantity'", "power* according to
the specifiec context. Four students that left the answer blank
in Chopa gave vague and ambiguous responsss in Portuguese.
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4.3.3. QUESTION 6 (Insulator) (FABLE 4.3.3 of APPENDIX 2)

Students gave only ONE main idea about INSULATORS when

responding in Portuguese:

H: Insulator is an instrument that hinders/obstructs the
passgage of electric current.

In Chope students also gave the SAME idea:

P: Insulator njimaha tchi phalelako gquezi (Ingulator is an
instrument/apparatus that hindersz/obstructs the passage
of electrig currvent).

DISCUSSION
_a) Rasponses in Portuguese
Seventeen students understood an insulator as a sgubstance or

objeat that blocks/obstructs electric current ox does got gonduct
glectricity:
cis: P: Um lsolador & um digpositiveo que serve para impediz a passagem da
corrente eldetrica .
E: An insulater is a gadget which it is used to block/impede the
_agpage of electric currant . _
¢25: P: Un isoladtr & uma substéncia or objecto gue ndo pemité a
passagem da corrente ou gus nfo conduz a corrente aléotrica
E: An ingulator is a substance or object that cbstructs eleatiric
~eurrent, or doets not conduct an electrie current
C1B: P: Un isolador 4 um instrumento que faz com que a corrente eléctrica
ndo pasge dum lado para o gutro
B: An insulator is an instrument that Blocks/hinders the paszage of

electric ourrent from one side ta another

Bight students gave different and varying explanations.
Sone gave unpredictable ideas {C8) or amblguous answers (C3):

o1 F - Un igsclador &€ uma pega para isolar wm clrvuite eldctrico qua
peoasui cawvga incluinde equipemente envelvido
E: An insulator is & plece used to inaulate an electric circuit thac
hag charge including inovelved egquipment
¢3: P Un _isolador &£ um conductor sldctrico gue nfHo deixa passar a

alectricidade de um lado para o outro ou & algo que impeda a
passagem de qualquer colsa
E: An insulator is an electrie conductor which obstructs the passaga

of electricity/electria current from a sl .+ to another side or is
somathing that blocks the passage of anytnlng

Only one gtudent elaimed not knowing what an insulator is.
b) Responses in Chope

®ight students defined an insulator as an instrumect <r apparatus

that hinders/igpedes the pagsage of electrie current:
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C4: Ch: igolador njimsha tehi thumelake kuphalela guszi

E: Ingulator is something used to hinder electric current ox

electricity

{The correct word should be kuphala instead of kuphalela:
kuphalela means “to hinder" while kuphala is to "bloek" or
"ghut", although in some Chope dialects kupkalela doss mean
shutting or locking, which is acceptable).

Four students claimed they knew what an insulator was, but
could only respond orally. Fcur gave varied responses, nine left

the answer blank, and two claimed no idea what an insulatoxr is.

@) COMMENTS . : :
. Nine students gave consistent responses in Portuguese and Chope
(1 D-D; 8 H~P). Ten {6 H~"-"; 3 Q-"-"; 1 H-D) left responees

blank or claimed no idea of what an insulator is in Chope, but
‘answered in Portuguese. This suggests theéy worked independently
in the two languages, i.e. they prefer to explain in Portuguess,
and leavé_the responses blank in Chope, rather than to try to
transiate from Portuguese to Chope. '

Students have a vacgue idea that insulators are used to .
block/hinder/obstruct/impede electric current. However nobody
defined an insulator via its electrical resistivity, or explained
why a material is an insulator, or why it does not readily
conduct electric cdurrent, Seventesn students gaire the same
unacceptable Portuguese explanation based on the ordinary meaning
of "insulate" as not being in contact with the eénvironment.
Eleven left the response blank or claimed no knowledge of
insulaters (6 H-"-"; 3 0-%-%; 1 H-D; 1 D-D (in Chope)).

"In Choepe there is no word for resistivity {or any
equivalent), 8o they could not wuse this idea in Chope
explanations. But they did not use the idea in Portuguese
either. This may suggest that the non-existence of a sceientific
word in Chope hinders students in theilr explaining of seientific
terms and their understanding of concepts.
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4.3.4. QUESTION 8 (Electric Power) (TABLE 4.3.4 of APPENDIX 2)

Studenta gave THREE ideas about ELECTRIC POWER in
Portuguese: i
T: Trabalho produzido por electrigidade num determinado
temp? {Powar is wark produced by electricity par unit
- kime) ; '
F: Forga da energia eléctrica (Force of electric ensrgy):
C: Capacidade de produzir energia (Capacity of producing
energy) .

In Chope they gave only ONE main idea:
I: Intamo wa guezl (Blectric force or force of

electricity;.
PIBCUEBION
a) Responses in Portuguese
Nine students recalled the taxtbook definition of electric power:
Cl6: P; Poténcla eléctricr & o trapalho produzideo pela electricidade por
: (num;} determinade tempo :
E: Eiectria pewer is the work produced/done by electricity per unit
time
8ix students defined electric power as glectric forxrce or force
of electric energy. Four understood electric power as the
capacity to produce enerdy: .
C26: P: Poténcia eléctrica & a capacidade de produzir energia
E: Electric power is the capacity/ability bto produce energy

Some students gave two ideas (F-£) (in Portuguese) about how they
underatand electric power. e.g.:

Q23: P: Pot&ncis eléctrica € a capacidade que um corpe possue de produzir
corrente eléctrica. Por exemplo um gerador electrico, ou

' poténeia eléetrica 6 a capacidads de realizar trabalho
B: Electric powsr is the capacity which an objeet hag to produce

alectric qurrent For example an electric generator, or electric
powar is electrie capacity to realisa/do work

Bight students showed different perceptions:

Cl: P . Poténcia eléatrics & o poder da electricidade ou energia
B: Electric power 1s the force/power of electricity
C25: P: boténecia eléotrica € a guantidade da energia eléctrica
E: Electric power is quantity of electric energy
ca: P: Poténcia aeléctrica € o luger onde sai a energla e comege A4
distribuigio .
E: Electric power is the place in which the anergy goez out and

starts to be shared

Some students ("O")} gave unpredictable or vague regponses {What
" ig the meaning of response C4: power is the place?)
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»#} Resuvonsges in Chope

Ten students understood electric power as eleckric forge {intamo
wa guezi}. Four claimed they could only give a verbal response.
Eight were classified as "O", of whom seven left the angwer
blank. Two claimed no idea about what electric power is.

e) COMMENTS

Students have only a vague idea what electric power is in both
languages. They have difficulty in explaining the concept.

In Chope, the concept power should bhe expressed as phala
meaning teo "be able to do the same thing in a short time" or "to
be persigtent inv.

However, many Chope speakers use the word intamo (force}
instead of nhkala {.ower). They use intame to explain for how
long someone is ahle to do something, or how quickly they are
able to do this. The word nhala is used often in comparative
situations: adi nhala (has power) refers to: '

] the ability to do the same thing but more quickly {(i.e. in
' a shorter time}, or

] persistence in wanting to do something.

Unfortunately Chope speakers often use the concept force in both

ways witiout looking at the time but looking only the thing done.

This social fact hinders students in differentlating the concepts

Iintamo and nhala.

Students' responses suggest that i1f their ideas in Chope are
deficient or incongistent, then the same applies in Portﬁguese.

Nine students left the responses blank, or have no idea in
Chope what electric power is, but angwered in Portuguese, {oaly
three correctly). Four gave scientilifically unacceptable - but
internally acceptable explanations (2 C-"-¥; 1 C-D; 1 F-D},

Four students gave congistent responses (F-I) in both
languages: force of electric energy (Portuguese) and intamo wa
guezl {electric force or force of electricity} in Chope. Five
students gave incongistent answers (T-I) between languages: work
produced by electricity (Portuguese} as opposed to intamo wa
guezi (Chope). :

The influence of social factors was present in some cases.
Student €22 used as an example an electric generator. It is
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common to explain the difference between two electric generators
through the brightness of bulbs or the number of consumers that
each generator supplies. We also defined eleetric power as
enerqgy .

4.3.5. QUESTION 9 (Convertional current)
(TABLE 4.3.5 of APPENDIX 2)

Students gave TWO main ideas about CONVENTIONAL CURRENT in
Portuguese:

P: Corrente convencional é o ' »vimento das cargas
eléectricas do polo pogsitivo para o polc negativo
(Conventieonal current is motion of electrie charg from
pegitive pole to negative pole);

C: Convengio € um acorde {(Conventilion is agreement).

In Chope they gave TWO main ideas: :

T: Ku tsimbila ko hambana ka guezi ip dane kati koti ta
guezi (Conventional current is an oppesite metion to
the real flowing of electric charge thiough an electric
conductor) ;

L: Corrente convencional yi guezd yo langana/ye inguitsana
{Conventional current ie current in agreement).

DISCUSSION
a) Responses in Portuguese

Six students understood conventional current as a current flowing

or moving from a point at s positive potential to a point at a
negative potential. Some responses wore:
o =¥ Corrente conventional & aquelas que sai de um polo poslitiveo para
¢ polo negative
E: Convantional current is that whaich goas from the positive pole to
the negaktive pole
Cll: B Corrente convencional é o movimento nio real dos electrbes
B: Conventional current is not the real motion of electrons
Six students explained the meaning "conventional' as gomething
predetermined. For €21 conventicnal current is "adjusted or

previously determined electric current! while L3 degoribed
conrentional current is a "continuous motion of charges following
a way previously determined":

Four "O" students gave unacceptable responses such as:

Co; =H] Correpta conventional € uma forma de energia gque & convertids em
outra, loge dizemos que essa corrente fol convertida
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E: conventional current is a form of energy which is converted to
another, and we say this is gppverted current

c1; B, Corrente convantional e corrente previamente combinada
B: Conventional current is combined current

clp: P: Corrente conventional a corrente caleculada
B: Conventional currenr is calculated current

The reasoning behind the underlined terms can only be speculated.
b} Resgpounses in Chope

Two students recalled texthook anawers to explain conventional
current, although their answers imply that the real flow of
electrons in the typical electric cenductor is known :

cr7;  Che Conventipral current ku tsimbila ko hambana ka guezd

H: Conventional current is opposite flowing of electriec curreat or
electrxcity

Threes students claimed they could only explain orally. Seven
were. grouped in the column "4 of whom three gave the meaning of
the word "conwvention" without relatiag it to electrieity or
electric current, but to the ordinary meaning only:

i i) Ch: Corrente convencional yi Guezi yo lapngana
B: Conventlonal current 1ls agreement/combined elactric current

Q1 asserted that he used his knowliedge in Portuguese to try to
explain conventional current, because for him this expression ig
w .sual in Chope. Unfortunately his understanding even in
Portuguese was not clear or scientifically acceptable.

It i=s uncertain whether gtudents’ understanding of
conventional c¢uryent as ‘agreement current” relates to the
motion/flowing of charge or electrons, or not.

Three students left the responses blank. Seven claimed no
kiiowledge about conventional current,

e} COMMENTS

Of 28 students, 92 answered neither in Portuguese nor in Chope.
Of the remainder ten did not answer in Chope. Only four gave an
adecquate response in Chopes, while gix did the same in Portuguese.
Only two students geemed to consistently understand cnnventional
current in both Portuguese and Chope.

Three students ¢laimed they were able to respond only orally
in Chope, and only two gave a correct answer in Portuguese. We
conclude that students found the concept difficult to understand.
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4.3.6. QUESTION 10 (Electric Circuit) (TABLE 4.3 6 of APPENDIX 2)

Students gave TRC main ideas about an ELECTRIC CIRJUIT in
Portuguese -

C: Circuito eléctrico & um conjuntc de elementos
electricos (Electric ciycuit is a conjunction or
connection of electric elements};

P: Percurso feito pela corrente eléctrica {Electric
circuit is path of electrxic current)

In Chope they also gave TWO main ideas.

T: Electxic cireuit ngu tsangana kumbe ku Iunghalhathelana
ka sigotso tsa guezi {Electric circuit 1s an
asssociation or connection of ilectric elements);

N: An electiic circuit ndzila ya guezi (BElectric circuit
is ‘a path of electric curreat).

 DISCUSSION _

a) Responsesg in Portuguese

Twelve students understand an electric circuit as an association
i Lon of i onen

Cci7: PE: Un eirculto eldctrico € uma assoclagdo de fios eldetricos ligados
" aos poles ou terminais de um gerader
E: An ealectric circult ia an assoclation of electric elements
commected through wires f£from the poleg or terminals of a
generator

cz2: P; Um circuito eldectrice & um sistema comstftuido de uma fonte de
tensdo gque formece & corrente (eléctrica) & um conjunto de
consumidores
E: - HKn elec¢tric circuit is =z system constituted by a sourcde of
tenaion which supplies ai{n}y {.lectrical) current for Jjoined
consumers

C2 shows a common mizunderstanding, i.e. that the source of
electromotive force ("tension') is a source of electric current
(rather than an gnezrgy source). ,

Three students understocd an electric circult as a Qath or

route taken by electric current:

e P Um eircufte eléctrico & o caminho percorrido peila electricidade
E: An electrio eircuit is a path done by alestricity

8ix studentse showed different and ambiguous ideas:

(o3 B - H Un circuftc eléotricvic é o trajecto exercidn pela corrente
eléctrica or simplesmente & um campo eléotrico
B Electric eircuit is path/usurse of electrie curréent or

equitable/just path

Others res; nses grouped in column "O" suggest that students
have some idear about electric circuits, relating to perscnal
experience, bu: which are seientifically unacceptahle:
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ci2: P: Um circulito eléctrico & a 1ighe que tramsporta a corrente

eléotrica
B3 An elactrie circuit is a line which transports electric circult
c23: BP: Om circuito electrico & um material gue serve para distribuir
ragularmente ou gquando & necessario A guastidade the energia
E: An electric circult is a material which serves to distribute

ragqularly a necessary quantity of energy

Some students took energy to relate only to electricity or
electric current. For them an electric gomnection or
- installation in the house or classrcoom IS an electric circult
(not an component of an electric eircuit), or it is a device that
serves to distribute enerxrgy, e.g. through different rooma.

b) Responses in Chope '

8ix students understood an electric circuit as an attachment or

association of electrig elements copnected with electric wire:

Ci3: Ch: (Electric cireuit) kuphatang ka tchissima tcha indilo wa guezi ti
walelas di tsimuabane sigotso tea guezi

E: Electric cilreuit is a dssociztion of source of tension or
potential difference, wire and other electric slements

For other students, e.g. 'cio and'Ci'T, an electric circuit

is a path of electric current electricity.
¢1.0:  ¢h: (Bleetric circuit) ndzila ya guezi or ku mu wa yi simbilako
inkona guezl
E: Electric circult ils the path or route of electriecity or electric
durrent

Three students were not abkle to answer in writing, although they
could explain what an electric gircuit is in Chope. Two students
showed different understandings, e.g.

g21: Pi Muchine waku caregara mabateria diko tchaia marzde nity fio
takona .
E: Electric circuit is an apparatus/instrument used to load charge

in cella/battery and play & radioc

{Again thesge responses show that the s=source of students’
knowledge may be detexmined by local factors at home or the job)
e} COMMENTS
Many students have some idea what an electric circuit is. This
fact is shown in both Chope and Portuguese. Twenty-cne students
answerad the guestion. Many responses were vategorised as "T"
and "N" in Chope and "C* and "P' in Portuguese. Four/three left
the anawer blank in Chope/Portuguesge.

Ideas "¢" and "T' recall textbook definiltions, while ideas
"pr and '"N' are based in everyday social usage.
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4.3.7. QUESTION 12 (Electric Current)
(TABLE 4.3.7 of APPENDIX 2)

Studentsg gave TWO main ideas about ELECTRIC CURRENT in
Portuguene:
F: An electrle current is a motion of electrons in one
way, or a flowing of electrons;
M: An electric current is a motion of electric charge.

In Chope they alsoc gave two maln ideas:

I: Electric curtrent insinga wa guezi (BElectric current is
motion of electricity (charges)in gne direction
{inginga denotes flowing of water in one directionl};

M: Electric current ndilo wa guezi (is fire of
electricity) .

DISCUBSION

a) Respopses in Portuguese

Some students understood electric current as the result of the
motlcn of electrons in one way - flowing from low to high

potential:
C7: P: Corrente eléctrica & um moviments ordenadeo de eléctrdSes de menor
potential para o maior poter ial
B: Electric current is an ordered motion of electrons from low

potential to high potential
Thesge responées are mcientifically correct as long as students
understand that the electron has a NEGATIVE charge {conventional
positive charge moves £rom high potential to low petential). For
another 10 students, (e.g. C4, C5), electric current is a motion
of charged (electric) particles between two points at different_

potentials:

G5: P; Corrente eléctrica 4 flixe unidizreciopal de electrdes gua se oria
quando certe circuito 4§ uma ver submetido a uma differenga de
potenclal

H:  Elesctric curreant ls unidirectional electron flow when & electriu;

gircult is submitted a potential difference in
Five atudents understood an electric current as a motion of
electric charge:
@25: Ch: rorrente eléctrica & movimento de electrGes

B Rlactric current is mction of electrona
c2: P Corrente eléctrica & o movimento comtinuo de electrdes livres
B: Elactric current ia continuous motion of free electrons

These responses are ambiguous. They are imprecise about the kind
of motion that the electrons / electric charge have. This motion

could be ghaotic or unidirectional.
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Some students understood electric current in other ways.
For example: a.g. C3: electric current ig "orientational! motion
of charge; Cl4: electric current ig force that energy needs to
realise varlous/any activities!!

Answers groupad as "O" are vague, ambiguous or unqualifiable

{e.g., C3). Some responges suggest that the sourns of zome
. knowledge is the ordinary environment:
I i Ps Corrente eldctrica € a corrente fommecida num determinado
. estabelacimentbo
E: Electric ocurrent 45 a current cthat is supplied to a
establishment/shop :

For many students the concept of energy is a synonym for
electricity or electric current.
b) Responses in Chqpe
8ix students pgaid that electric current is insiga wa guezi

{motion of electricity in one wav) or just guezi:
QL7 B Corrente eléctrica insiga wa guezi
B: Electric gurrent is flow of alescktric charge

Seven students understocd electrie current as indile wa gueszi
(fire of electric current/electricity). Seven angwers weye
grouped in the column "O':

CL: Ch: Corrente eldctriza indilo wuhumisuako ngu diwinfi kumbe iptebini
wa guezl nl simuane simaha sa guazd

E: Eleotria current 18 aleckric fire from a generator and other
electric alements
¢) COMMENTZ

Ten students showed a good understanding of clectric current in
Portuguese. Three understood that electric current is an pxderad
motion of electrons, but could not account for the cause of the
motion. Five related electrie current with the motion of
electric charge, but could not explain the kind of motion.

Again ldeas guch as indilo wa guezl to characterise elegtric:
current showed that local factors are a main source of knowledge.

Explanations in Chope show that students know about electric
current through its utility, e.g. for cooking, lighting bulba,
ironing clothes, ete. This understanding does not give any
information about the wotion of charged particles.

Some responses suggested that students ideas in Chope aight
be ugeful as a foundation to acquire new knowledge and scientific
ideas. Three students gave consistent answers across languages
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when they explained electric current (F-I).

4.3.8. QUESTION 14 (Parailel electric circuit)
(TABLE 4.3.8 of APPENDIX 2) -

Students gave only CNE main idea about a PARALLEL ELECTRIC

CIRCUIT (PRC) in Portugrueme:

R: A PEC is/are electric elements associated/connected in
the electric circuit, where all of them receive the
same potentiasl difference across their ends.

In Chope NQO MAIN IDEA emerged.

DISCUSSION
a) Responses in Portuguesge _
Three students understeod the PEC as an association or connection
of elestric elements, where circuit supplies the

otenti ifference (tension). dAight showed other ideas:
cL/6: P; Circuito eléetrico em paralelo (CBF) & trajecto em dois sentidos

ou linhds gue ndo se cruzam
E; PEC 18 a path of electriciby in two directions, or 1:|.nea which

never have a common point (do not intersect)

Such responses are influanded by the mathematical definition of
tparallel®. _
a) Respongseg in Chope
Thirteen students said they had no idea about the PEC. Three
¢laimed they could only answer orally; two gave wvague and
different ideas; two left the response blank.
e} COMMENTS
Students’ responses showed that the concept was strange to them.

Some (e¢.g. €1 as above) showed in the influence of the
‘mathematical definition of "parallel'. However most knew a PEC
as some association of electric elements, although most do not
know how these electric elements are associated:

QL4:  P: CEP & aquele circuito em qué intepgidade circula em cadas lampada

B PEC is a eireuit, in which the intensity flows through each bulb

s1- 1 B: CEP & um circuite em qﬁe vdriaas fontes de energias podem ser
) ligadas por um inice interruptor

E: pec 1s a circuit in which wvarlous Bources of energy cail be

conneated by one awitch

CLi: P CEP & onde exista uma font, um amperimetro, imterruptor. £ onde
entra e sal corrante o
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E: PEC is where there exists a souree, ap ammeter, a switch. It is
where the current goes in and out

In Chope too a PEC is an assogiation of electric elemepts:

C17: <Ch: (PEC) intlhangano wa tingoti ta guezi to sungana ngu inlhawa
B: PEC is union/joint of electric wlre, all of them commected

cl8: Cch: Slgotseo tsa gueri so longoloka
E: Electric elements comnected in sequence

The answer from C18 is not clear. The word Iongoloka could
address more than one meaning, such as; (a) electric elements are
in geries, or (b) electric elements are connected side by side
{(similar to mathemctical parallelism). _

Some students did not have any idea about the PEC or .left
the zresponse blank in Chope, but answered ambiguously in

Portuguese;
o2 P Cirenite slectrice am paralelo (CEP} & onda exist voltimetro,
amperimetro, resistencid, t.do :
E: PEC ig whera there exists voltmeter, ammeter, resistance,
everything

4.3.9. QUESTION 16 (Potential Difference (pd)
(TABLE 4.3.9 of APPENDIX 2)

Students gave only ONE main idea about POTENTIAL DIFFERENCE
(pd) (voltage or tension] in Portuguese:
E: (PD) ig the difference in energy between two points.

In Chope they gave two main ideas:

@: (PD) kuhambana ka intamo wa cuezi {PD is the difference
of electric forece or force of electriclty);

M: (PD) kubambapa ka matsimbilelo ya guezi (pd 1o the
difference in/of how the elecvtricity or electric
current is flowing}

DISCUSSION

a) Responges in Portuguese

Eight students understood pd as the difference of energy between
electric charges flowing between two different points: '

Ccil: P: biferanga de potencial & a differenga de enesrgias das carga que
Ze movem entre dois extremos . .
E: FD is the difference of energy of charges moving/flowing batwasan

twa extremes

05 B Diferenga de potencial & a differenga das emergias gque se
" verifica entre dois pontos de um circufto em relégfo a terra ot
eptre dois ponteos de um campo eléctrico

E: FPD 18 the difference of energles between two points of a circuit
in relation to the earth or between two pointes of an electriac
field.
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Some responses ("O") gave differing perceptions:

Cl: P Diferanga de potencial & o inverso do ecirculto paralelo
B PO is the inverse/opposite of a parallel circuik

b} Responges in Chope
Three studentg understood pd as kuhambana ka intamo wa guezi {the
difference in electric £Qrce/energy):

CL7:  Ch: (PD) kuhambapa ka mitano ya guezl Jndane ka sigotso sa guex,
kuphara diiokouo tchorrs indileo niketcheni, loko udi hanithimbape
kumbe hafuydi di txiku

B: PD is the difference of electric forece/energy into electric .
element, like if you are using hater??. near to hater or far near
of door

One student understood pd as kuhambana ka matsimbilelo ya
guezi indane ka mawaisla ya guezi which means '
- the difference of motion of electric charge or electric

current into an electric¢ wire, OR
-  how differently the electric current flows_into an electric

wire.
e} COMMENTS . _ :
Reaponses suggest that the concept of pd is uncommen in Chope,
and sﬁrange.for trany students. Most will have eéncountered it
only at school. Nonetheless eight students understood the
concept well in Portuguese as - e.g. C23: PD ig the work done per
unit charge when moved/digplaced between two point by any path.'
_ Some students’ weakness in Portuguese may relate to
{misiunderstandings in Chope - e.g. CQl understood in Portuguese
that PD is the inverse or opposite of because for him difference
means nt/inverse/not ecgual. The student may be trying to
understand word-by-word without relating the question to
électricity.

Another problem in this question is related to translation.
Some students do not translate the content, but translate the
words, so migsing the 'whole! message. This may apply to
translation from Portuguese to Chope and v.v..
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4.3.19. Q17 (Source of electromotive force (EMF))
(TABLE 4.3.10 of APPENDIX 2)

8tudents gave only ONE main idea about EMF in Peortuguese:
G: EMF is a generator of electric current.

When responaing in Chope they slso gave ONE main idea
T: EMF tch1951ma/nd313ima tcha guegi kumbe ikadi yo bika
" imndilo (EMF ie the well of electric1ty electric
current) .

DISCUSSION

a) Respenses in Portuguese

Nine gtudents understand EMP as a generator or a well of electri-.
gurrent. Some responses are:
CL3: P: Fonte da forga electromotrlz 6 um gerador
B: EMF is a genevator
Cl5: P: - Fonte da forga eleztrometriz € um pogo da carrenta eléctrica
E: EMF is an electric well

These responses are imprecise or unclear if students are intended
to understand EMF as a component of an electric circuit which
does work moving electric charges round the circuit. Students’
responges do not suggest that the EMF is a source of energy for
electyons., Three students said they had no idea about EMF. Six
students stated different perceptions about EMF:

Ccle: DP: (EMF) € a intengidade da corrents, é quantidadede electricidade
induzida
B: EMF is current intensity, is the guantity of induced electricity

The above misunderstanding is common among students. They see
EMF as an jipduced gurrent, rather than as a primary socurce of

energy from which current results. Other ungualifiable
‘TeEspOonsen warea: '
Cla:r D: (EMF) & rio
B: EMF is a river
c2: - {EMF) & a forga de um motor
B: EMF is a forece of an engine

[what iz meant by an engine - isg it the same as =z generator? In
ordinary social life a generator it is called an engine/motor)
b} Responges in Chope '

Seven students understand EMF as a well/warehouse of electricity
or as a source/generator of electricity. For example for:
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Cl: ch: (EMF) diwinjd ni humisako guezi.

E: EMF iz a generator which supplies electricity
¢1i: cCh: (EMF) tchissima/ndjisima tcha guezi
B: EMF 1a a well of eleckricity

C13 attached a local understanding about the "font/source!" of
electromotive force: because he does not know the real word for
EMF, he nonetheless thinks he has used an equivalent expression
to desgeoxribe the concept in Chope.

Pive ptudents asserted they had no idea about BEMF. Six
claimed they could give an oral response. Two left the response
blank. '
¢) COMMENTS
Five students gave consistént angwers acrosg languages (G-T).
For them EMF is a generator (Portuguese) and ndjisima/diwingi
tcha guezi (well/source of electricity) (Chope). Five students
have no idea about EMF in Chope, against three in Portuguese.

I1f the responses (G-8) indicate that students know what EMF
ig in Chope, and we cluster these with responses "T", then the
number of the students that might give an acceptable answer about
EMF in Chope rises to ten students, against nine in Portuguese.
So although responses are different in appearance, the number of
students that give the same jdes are roughly equal in Chope and
Portuguese. _ _

Respoieges (2 ©-D, 2 0-5, 1 0-%-", 1 O-T} sguggeat that
students may prefer to guess a response in Portuguese than to
claim they do not know. Many respoﬁses coded as "Q" are
unqualifiable and/or vague, euch as EMF is electric qurrent (C25)
EMF ig g;gggromggive foree (CiB). However some responses, such
ag EMF is a river or well may originate from social influence:
an EMF as a source cof supply of electricity to light a bulb or
play a radic, is like a river or well to supply water (in rural
areas) particularly. Again we must recognis? the socizal
environment as a principal socurce of knowledge.
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4.3.7. GENERAL ANALYSIS OF BASIC
CONCEPTS OF DC CIRCUITS
Qs 3, 4, 6, 8,9, 10, 12, 14, 16, 17)

‘The ' preceding analysis showed that for some concepts
(conventional currenk (Q9}, parallel electric circuit {014},
potential difference (Ql€) and source of electromotive force
{Q17}), students found such great difficulties that they often
¢id not respond, which makes it difficult to probe their true
understanding of these concepts. For other concepts (electric
resistarice {Q3}), current intensity -{Q4), an insulater {(Q6),
electric power (Q8)}, many students were willing to offer any"
explanation asbout the concepts. ' '

Students’ responses were coded and summarised in TABLE
4.3.11.1 and TABLE 4.2.11.2 on paga 61,

Responses showed that for concepts common  to everyday
language/life, students explained in their own words, in a way
that clarified their meanings. These were sometimes acceptable
scientifically, but more eften than not they'were only internally
consistent.

Resigtances and insulators _

In Q6, 17 students out of 26 understood an insulator as an object
pr substance which blocks/obstructs electric current. Students
were not able to differentiate between the words "substance” and
"object". We attribute thir to poor performance in Portuguese.
Another problem wag that students did not relate an insulator
with hi ' »lectric resistivity. The concept of resistivity is
a scientic.c term that is used only in specific contexts or in
the physics classroom. Students used explanations or analogies
from their local enviromment teo get round these difficulties,
Cirguit

In Q10, 15 students underastood an electric circuit as 2a
connecti rise elements thro i wires or asg 2
path of electricityv. Students do not realise that a gircudit is
related with a closed system, where the law of conservation of

energy applies. It was also evident that weakness in Portuguese

did not alliow students to properly understand the meaning of the
word "circuit". Due to local factors students attached meanings
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TABLE 4.3.11.1: Summary - Basic concepts of DC cirenit (Chope)

Students' responses in Chope
Questions
Code | Q5 | Q4] 06 | OB ] O | QI0 | Qi2 | Qi4 | 016 | O1F
E 6 0 0 10 2 0 0 0 g 7
G 5 4 8 0 0 9 6 0 3 0.
M 0 7 10 10 2 0 7 0 0 7
W 4 2 4 11 6 2 2 2 1 0
D 1 2 2 2 7 4 3 13 9 5
B 7 9 9 7 4 4 5 2 { 3 6
S 3 2 4 4 3 3 4 3 3 2
Code
B: Student gave unacceptable "definiions"” or expressions influenced by locat factors
G Student did a good transfation ints Chope, and showed good understandings in Chope. His/her
understandings are scientifically acceptable, and can be understood by any Chope speaker
M: Student used general definiions without any explanation
W Student gave incorrect regponse
D: Student claimed no idea what the concept is
B Student left the response blank
8 Student clairned his/her can only respond orally _
TABLE 4.3.11.2: Sumimary - Basic concepts of DC circuit (Portuguese)
Students' responses in Portuguese
: _Questions -
Code | Q3 | Q4 | 06 | 08 [ Q9 rgm Q2 | Q12 | Qi6 | Q17
R 0 14 0 9 6 0 0 3 8 0
A 0 0 17 0 [ @ 15 10 g 0 g
E 15 0 1 @ ] 6 5 | 5 | 0 0 9
A 23 11 8 | 14 | 10 6 8 1 8 5 6
D g 1 1 0 3 0 0 6 6 3
B 1 0 0 g 0 1 4 3 0 2

BYSHER

Code
Student recalied texthook definition to explain his/her understanding about the concept;
Shudent gave acceptable definition in his/her own words;
Student gave unacceptable definitions or expressions influenced by local factors)
Student gave incorfect response
Student claimed no idea what the concept is
Student left the response blarik

electric resistance (Q3), electric durrent intensity (Q4), insulator (Q6), electric power (()8), conventional
current (9), an electric cirenit {10), electric current (12), parallel electric cireuit (14), potential difference

(16} and

source of electromotive force (Q17)
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such as circuilts for traffic or cars; circuits in the pelitical
sense; clrcuits as a path or corridor.

Multl-word concepts

In ~westionsg such as Q4, Q8, Q14 (in which the baslc concepts are
not uav  in students' ordinary vocabulary/environment) we find
that a great number of students recall textbook definitions to
explain their understanding: However problems then arise.
Concepts such &8 conventional current, potential difference,
paraliel electric circuit, electric resistance, electric power
and source of electromotive force are constituted by words that
are also used in ordinary language, or can be found ir science

but associated with other meanings. = This hinders students’
perceptions of the meaning of the expression am an electrical
concept.

- For instance the word "conventional" is related to the
common meaning "agreement!: conventional current is then
seen as just a current inm agreement. '

- A parallel electric circuit {Ql4} is deseribed as a circuit
twithout a common point!. Here the "interference" derives
from the mathematical definition of the concept "parallel",
so that the word parallel stimulates in students’ minds the
notion of "without intermgsction").

Numerous difficulties in understanding scientific concepts
defined by more than one word were found throughout cur analysisg
of electrlc concepts. If a student chooses a word as a ‘key"
word and hig perception of thia word is incorrect, then
automatically his perception ahout the whole concept becomes
erroneocus.

Responges in Chope

Students prefer to use their own words to explain their
understandings; or they use a common/ordinary definition in
Chope. This was evident for concepts common to the students’
life (such as electric resistance (Q3), an insulator (Q6),
electric circuit (Q10), electric current (Ql2)). Many students
gshowed a good understanding in Chope and they gave scientifically
acceptable explanations too. In Q10, nine students explaired an
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electric circuit as ngu lunganheteliua kumbe kupathaphitsua kagy

ngotso ga maguezi pgopfana di tiwalela ta guezl, malapada,

- niwindje nitsi muane (it is an association of a source of

tengion, an electrie wire, and cther electric elaments).

For concepts used only in schoola or in a speciaiised
context (so uncommon iIn ordinary vocabulaxry), such as
conventional cuxrent (Q9), electric power (Q8), parallel electric
eircuit {Ql4), students have little idea what these concepts are.

It is evident that local factors (e.g. linguistic, habit)
had a strong influence on students’ understanding.

- For instange in Q8, 10 students understood electric power
ag intamo wa guezi, and a similar resgpense was given in Q4,
bzcause in Chope concepts such as force, energy and power
are defined as an interaction (but electric current is
recognised through is utility).

- Explanations about a gource of EMF were based on amalegy.
@tudents understood EMF as a "well of elecericity", (They
understand EMF as a source of elegtrigity rather than a

. source of enerqgv [a common miﬁunderstanding]).

- Tn Q12 too students used analogy to define electric
2 nt, understoed by many as ingiga wa guezi. Many had.
grown up near the Indian ocean or a river. The word insiga
(ourrent) is then well known to students. who then use it
to define electri¢ current scientifilically (insiga means
motion in one direction).

Miscellaneous comments

Regponses showed that:

[ ] If students have a good understanding about a concept in
Chope, and this prior knowledge is sclentifically accept-
able, then they are able to easily acquire the same concept
in Portuguese (e.g. Q4, Q6, Qi0, Q12). However if ideas
are incorrect in Chope (i.2. develop misunderstandings)
then students will not =asily agquire corxrect scientific
ideas in Portuguese about these concepts (e.g. Q9, Ql4}.

#  If we combine Chope students coded by "D* (no idea)
together with students coded by "BY (blank}, and also
congider iIn Portuguese students coded by WY
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(inworrect) we f£ind that for coneepts such as Q4, Q6,
Q8, 09, Q10, Q12 the number of students that prefer to
leave the responses blank in Chope is the same of the
number of students that prefer to guess (to give
incorrect responses) responses in Portuguese.

We suggest that:

- Students prefer to state their real understanding (in
Chope) rather than teo try to guess or to "invent" the
meaning of any basic concept of DC circuita in Chope.

OR

- Students worked independently between both languages

and aveld trying to translate their understanding £rom
_ Portuguese to Chope. ;

In questicns such as Q3, Q4, Q8, no one responded by using

equations. This suggests that students had no concept of

an equation in mind.

Regponses showed that common words with different meanings

in different subjects, ox with different meanings in

science and orxdinary life, hinder students’ perceptions
when learning science {e.g. 03, Ql4)

. Some students exemplified a lancuasge degradation: where the

"new" dgeneration of learners loses or nmisseas the

traditional vocabulary of the mother tongue. For instance

nobody used the word nhala as equivalent of the word power,
and_only two students used the word tchiketuhlcane inetead
of techicarripnkana. Hevertheless students spoke and wrote

"ourrent. Chope" reasornably well,
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4.4, CIRCUIT COMPONENTS AND INSTRUMENTS
(Questions 2, 5, 15, 18)

4.4.1. QUESTION 2 (Voltmeter) (TABLE 4.4.1 of APPENDIX 2)

Students gave TWO main ideas about a VOLTMETER when
regponding in Portugiuese:

V: Measures tension, voltage or potential difference
(equivalent of words tensfo, voltagem and diferenga de
potencial in Portuguese);

A: Measures current intensity.

In Chope they gave only ONE main idea:
M: Mutchini uo thepa Intamo wa guezi (apparatus used to
measure electric force).

DISCUSSION .
a) Resgponses in Portuguege
Fifteen students out of 28 were able to recognise the function
of a voltmeter: '
7 B volt{metro & um instrumento gque serve para medir a tensdo

. B: Veltmeter ls an instrument which is usad to measure the tension
Some students do not know how to gonnert a voltmeter:

Cc6: P: Voltimetro £ o aparelho que serve pars medir a diferangs de
' poetaencial entre dols pontes. Para se medir a veltagem deve ge
colocar o voltimetro em ger
B: Voltmater is the apparatus/equipment used to meagure potential
difference between two ends. To maasura a voltage the voltmeter
must be connected in nexies (1)

For eight students a voltmeter measures current intensity:

(o1 FRNED - ¥ Umt voltimetro & um instrumemz:o que serve para fFazer regiasto da
corrente eldctricz que entra nAa
Bs A voltmeter is an inatrument/apparatus used to ragister the

electric current that ag into a registancae
Other students presented explanations seientifically unacceptable

or amblguous:

c23: P: Voltimetro & um métra aom gue Se mede uma das formas de spergia
E: Voltmeter is a mater which measures a form of eneray

C3: Pt Voltimetre & um m.aralko gué serve para padir o volt
E: Valtmeter is an apparatua?u@ipment used to maasure the valt

b) Responses in Chope
Nine students understcod a voltmeter as an instrument used to

measure glectric force:

010: ¢Ch: Voltimetro mutchini wo thepa in tame wa maguezi
B: Voltmeter is a apparatus or instrument uged Eo measure elegtric

forca {or force of slectric current}
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Seven students claimed they have no idea what a voltmeter is.

C21; Ch: Kapi kali kupfa intu a tchi muamuatha ku voltfmetrn, kumbe ku
dana voltimefro ku tchitckopi.
E: I never listen to anyone talk about a voltmeter or o "call

voltrieter" in Chope

Five students ¢laimed they were only able tc respond verbally.

c) COMMENTS
Responses showed that:

i) When some students wrote/talked about a voltmeter in Chope,
they u=zed the wurd_gg;;mg;g;, although they translated

worde like force, electricity and gleciric curren; This

suggests that students are able to translate some
scientific terms but not others.
. . ) QR - )
ii) Chope has equivalent expressions/words for scme sclentific
_coneepts but not for others: in particular, it does not

have an equivalent word for voltmeter. '

We suggest that gtudents left responses blank because they
do not know what to call a voltmeter in Chope (four left the
answer blank in Chope, while all could answer in Portuguese).

Nine students were congishent in thelr use of Pcrtﬁguese and
Chope, (V-M and V-I). They understcod the concept in the same
way in both languages. For six students a voltmeter is an
instrument used to measure tengion (Portuguese) and mutchini uo
thepa intamo wa dqueg? {Chope), while for another two students a
voltmeter measures current intengitv (Portuguese) and mutchini
uo thepa intamo wa_ guezi (Chope), where responses (V-M) are
scientlfically acceptable while (V-I) are only acceptable
internally. The multili-meaning of the words intamo and guezi in
Chope causes students to use the texrm intamo wa guezi {force of
electricity or force of electric current) to express vpltage OR
gurrent intensity.
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4.4.2. QUESTION 5 (Interrupter) (TABLE 4.4.2 of APPENDIX 2)

Students gave TWO main ideas about an INTERRUPTER when
resgponding in Portuguese:
- I: An Interrupter is an instrument used to open or close
an electric circuit;
B: An interrupter is an instrument used to switeh on or
gwitch off bulbs. :

In Chopae they gave only ONE main idea:
L: Njimaha tchi tumelako ku laitha guezi/dilampada
(eomethlngjlnatrument uged to switch bulbs on or off).

DISCUSSION

aj) . Reaponses In Portuguese

Three students recalled textbook explanatlons about interrupters.
Por student C19 it is an instrument used to OPEN or CLOSE an

electric circuit. T"wenty-one students understand it as an
ingtrument used to switch a bulb ON or OFF: _ '
C13: P: Um ipterruptor & um dispositivo gque & utilizade para
acender/ligar or gpagar (desligar) a luz
B A?f:l.ntemptar is an instrumert used to switch a light/bulb on ox
Q

Three students gave different responses. Some are vague (e.g.
for €3, an interrupter is used to open or to close [What i=
openaed or cloged is ot mentioned]).

b) Responsges in Chope

Thirteen students understood an interrupter as used to switch
bulbs on/off. Five ware only able to give oral responses. Three
¢laimed they had no idea what an interxuptér is.

¢} (OMMENTS

Many studénta see an interrupter as an instrument used to switch
bulhg on or off. Ten students understood this the same way in
koth languages (B-%): In Chope this is expressed as interrupter
niimaha tchi thumelako ku laitha/kuthim,

Students’ understandings were strongly influenced by-prior
experience and common usage: switching bulbs on or off in
clagercoms and houses. This is reinforced by didactic procedures
in science classes during the teaching of Ohm’s law and
registance: circuits are set up with a source of tension, a bulb
and an interrupter. During thesge experiences the function of
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the interrupter is clearly evident: to switch the bulb on or off.

Twerity-one students understood, in Portuguese, that an
interrupter switches bulbs on or off, while only 13 understocd
the same thing in Chope. This suggests that language is a
stimylator for dommunication: when studente think in Chope the
word interrupter does not develop any picture, while the same
word in Portuguese seems to do so.

" 4.4.3. QUESTION 15 (Metal wire) (TABLE 4.4.3 of APPENDIX 2)

Students gave TWO main ideas about a METAL WIRE when
responding in Portuguese:

E: A metal wire is an eglectric conductor;

M: A metal wire ig a wire, a rope.

In Chope TWO ideas were also given:

@: Yi waiela yva guezi ({Metal} wire iz &n electric
conductor} ;

“W: Yi wajela/nogoti kumbe digjocke {[metal] wire is wire
or "metal rope").

DISCUSSION _
a)  Responses in Portughege
Ten students understcod a metal wire as an electric gonduc;ox-

c17: P Um fic metdlicc 4 um condutor eldetrico
B: A metal wire is an electric conductor

Three students understood a metal wire as wire/rope:

CiB: Py Um £io metélico & wun arame ot cabo, que pede ser da ferrc, ago,
ate
B: A metal wire is a wire or rope thatk could be of iron or steal
Seven students stated different opinions:
c21: P: Um fio metdlico e um elemento flexivelneste, ocaso é um elemento
gile sarve para krangportar enargila
BE: Flexible alement, in €this came an element that sexrves to
transport energy
c24: P: Fio matdlico € um material feito apartir de metal
E: Metal wire is a matarial made of metal
C3: P: Fio duma flbra extralda de piaptas texteils
H: ‘Metal wire is a fibre tackup of textile plant

C3 sghows interference between scientific language, common
Portuguese and Chope. Some scientific expressions are imported
from other languages into Chope by adding a suffix or prefix.
For example: a battery is called nibataria; a lamp is called
nilambu, For expressionas constituted by more than a word (e.g.
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electric current intensity; electric wire, electric current) it
iz ustal to use a "key word" to address the meaning of the
concept. IEf the key word is wrongly addressed the meaning of “he
word/expresasion will automatically change too. This is wag +™ iz
happened to C3 when he analysed the concept metal wire. For 3
the key word was wire which is yifio in Chope: but he took yifio
as a fibre (influence of biology).

b)  Responses in Chope

Thirteen students understood a metal wire as a wire or gteel
rope, not related with electricity:

C4: Ch: Um fio metdlico yi ngoti/walela ya simbi
B: A metal wire is an irom or steel wire

c2: Ch: Un fio metdlico digjocke da simbi
: B: A metal wire is a "metal rope", which can be of iron or steel

Nine students related a metal wire with an electric copductor,
{e.g. C7, C15 define metal wire as waielza ya guezi [electric wire
or electric conductor}). Five asserted they do not know what a
.metal wire is. Two claimed they could only respond verbally.
c) COMMENTS
Some respeonses (E-W, B-&, W-G) suggest that students had a guod
understanding of a metal wire. However students confused the
concepts dijocke (rope) and nghoty (wire) as equivalent concepts
(in Chope), because they took a metal wire a8 something to tie
or to make a back yard. They do not see that a metal wire can
conduct electricity: they understand a metal wire through prior
personal experience and practical utility - something used to tie
cbjects, or used during the construction of houses.

4.4.4. QUESTION 18 (Battery) (TABLE 4.4.4 of APPENDIX 2)

Students gave TWO main ideas about a BATTERY in Portuguese:

A: A battery is a source of electromotive force; it is an
accumilator;

K: I know what a battery is, but I do not know how to
explain my understanding. A battery is an {(electric?)
capacitor; a <¢ell; an apparatus used in cars,

In Chope, students gave only ONE main idea:
W: A battexy 1ls difeko da guezi (battery is an accumulator
‘or "warehouse" of electricity/electric current).
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DISCUSSION
a) Responses in Portuguese
Eleven students understood a battery as an electric apparatus,

able to supply energy, while for other students it is a device
which supplies glectricity:
o1; B tma batéria € um aparelho gue fornece electricidade, &é mais

grande gque uma pllha. Uma bateria & uma fonte da Forga
electromotriz (fem) mas ndo &€ uma pillks porgue uma batéria tem
carga, usa acarga depois de descarragada pode sar recarregads,
igto &, carregada de novo. Uma bateria & um aumulador

B: A battery is an apparatus, which supplies electricity, and is
bagger than & cell, A battery is a scurce of eslactromotive Iorce
(EMF) but iz not a cell, becmuse it has charge which can be used,
and after it 1s discharged, it can be recharged. A battery is an

acocumulator,
o9 P: Dma bateria & um digpogitivo capaz de formecer emergia por lsgo
& ugado vome fonte de energia nes carros
B A battery is an apparatua/instrument able to supply energy, and

bhecause of that, it ia u=ed as a scurce of energy in cars
Eleven students claimed to know what a battery is, although they
have difficulty in explaining thelr understanding. However most
of them then gave in their own words acceptable explanations:

c24: P: Ura bateria € um capacitor usadc nog carrod, motos, para acender
ag luzes episcag
B: A battery 1s a capacitor used in cars and motorbikes for

headlights and for indicators to wink -

c1a: P: Uma bateris & uma particula eléctrica com uma certa capacidag
eldctrica. Uma bateria é usadz para tocar radio, gira-discos, &
usada também tractoras g carros. _
B A battery iz an electric particle, with certain electric
capacity. A battéry is used to play radios, record-players. it
is used, too, in tractors and cars.

Five students gave confused responses:

cl6: b Ima bateris € uma forma de energia
B: A battery is a form of energy
14: B Uma bateria & uma epergia qua tem a gorrente mas qua funcilona
através da uma carga .
B: A battery is a {=source of) energy, which has current, but it is

working through a charge
b) Respopses in Chope

" 8ix students asserted that nibhattery difeko da guezi (a battery
is sceumulatar or "warehouse" of esnergy). Two claimed they did
not have any ldea about what a battery is, while nine students
agserted that they did know. Although only able to respond
orally, three students give unqualifiable responses, or fuse
the concept batte with bacteria:
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C21: Ch: Uma bateria nibatteria
E: A battery la a hattery

cz5; P- Uma bateria tchi kalana tchatchinote aguntu tehaku uongo
tchiouana kumitecini yi danuake taku ma microscopioc
E; A battery is & micro-organism, which we can only pee through an
ingtrument called a microgcope
) COMMENTS
Many astudents know what a battery is in Portuguese. Eleven

resgponses were very gimilar: a battery ile a capacitor; a cell;
an accumulator. $ix students gave equivalent responses in Chope.

Students’ understandings of batteries is strongly influenced
by local factors (social knowledge). They know that a battery
is used in a car to supply energy, or to play a radio (often in
rural aresd). However they are unable to give a scientifically
acceptable explanation of what a battery is.

Again students refer to electricity/electric current as
energy. Students do not re e _ene - 2 do work,
C1l3 and €1 understood a bhattery as a source of electromotive
force (in Portuguese), and the equivalent responses were glven
by students in Chope {(e.g. €4 and C19 understood a battery as
difeko da intamo wa guezi). But mome of these students could not
respend or explain what a source of electromotive force is in
Question 17 (in both languages)! Others however were able to use
the concept of a battery to define what EMF is.

4.4.5. GENERAL COMMENTS ON CIRCUIT COMPONENTS AND
INSTRUMEN IS (Questions 2, 5, 15, 18)

This Bub—-group censists of four concepts. Three are common in
students’ vocabulary (interrupter (Q5), metal wire (Ql5), battery
(Q18) ), while a voltmeter (02) 1l& strange f£o° .sany students.

Students’ responses were coded and g murised in TABLES
4.4.5.1 and 4.4.5.2 on page 72,

Resgponses showed that students recalled textbooks to explain
how 'thé.y understood circuit componentzs and instruments, uncommon
in evexyday life., For instance 15 students out of 28 understood
a voltmeter as an apparatusg usged to measure voltage (pd/tension},
and the same definition was given by nine students when

responding in Chope: voltmeter iptchini uo thepa intamo wa guezi
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TABLE 4.4.51: Summary - Circuit components and instruments {Chope)

Studerits' responses in Chope
Questions

Code Q2A Q5 A switch QI5A Q18 A

volimeter (interrupier) (metal) wire battery

B 0 13 ' 22 6
G 9 0 9 6
M 0 13 -0 )
W 2 6 0 3
D 7 3 5 2
B 4 0 1 5
o] 5 5 2 8

" Code .

B Student gave unacceptable "definitions” or expressions infivenced by local factors :
G - Student did a good transtation into Chope, and showed good understandings in Chope, His/her
understandings are sclentifically acceptable, ans' can be underriood by any Chope speaker
M: Student used general definitions without any explanation

Wi Student gave incorrect response

D Student claimed no ides what the concept is
B: Student left the response hlank

S

Stuclent claimed he/she can only respond orally

TABLE 4.4.5.2: Summary - Circuit components and instraments (Portuguese)

3. depts' responses in Portuguese
_ Questions
Code RA Q5 A switch Q15 A QisA
voltmeter (interrupter) (metal) wire { battery

R 15 3 0 0 '
A 0 0 0 11

E 8 2] 13 10

M 0 0 13 0

W 5 3 7 5

D 0 0 ] 0

B 0 0 4 2

Code

Student recalled textbovk definition to explain his,/her understanding aboist the concept;
Student gave acceptable definition in his/her own words;

Student gave unacceptabile definilons or exptessions intluenced by local factors;
Student gave incorrect response

Student claimed no idea what the concept is

Student left the respanse biank

PP
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(voltmetexr is the spparazus use to measure electric force or

foxge of electricity). Responses suggest that students know
what a wvoltmeter is, although same think that a voltmeter is
connected in geries.  Another misunderstanding was that a

voltmeter measures gurrent intensity (in Portuguese)}, but the

same students were internally consistent in Chope. The multi-
meaning of the concepts intamo and guezi in Chope were the source

of the misunderstanding (incorrect answer) when responding in

Portuguese. o
Studente recognise circuit components and instruments

through their socilal utility. For instance 22 students out of 28

explained a metal wire in the following way: _

[ In Portuquese ten students related a metal wire with
electricity , while only three sald it was used to tie
something. .

o In Chope nine students understood a metal wire as an
electric element, but 13 emphasised it as a wire often used
to tie sowething.

According to Christie (1989) it is through language that
people develop menrtal pictures thet will always be used as a
model when receiving specific stimuli. We can therefore account
for the Portuguese/Chope use of fwire" as follows: in town
gtudents often epeak Portuguese, and when they talk about an
{electric) metal wire they usually relate this with electricity.
In_rufal areas Chope speaking people relate a metal wire as
something to tie or bind with, or to bulld a back ya.w.. Thus in
Chope the stimuluz Y"wire' brings the pleture "tie gomething" or
thuilding back vard!", while in Portuguese the gtimuluas "wirea"
activates the picture "electric instrument". It 1s somewhat like
g Pavlovian stimulus-response gituatiomn.

Students recognised a battery as a source of EMF but had
difficulty to explain what EMF 1ls as a basic electric concept.
Students used an analogy: nibattaria difeko da ntamo wa guezi
meaning that a battery is a warehouse/accumulator of electricity.
During interviews the researcher found that three students who
defined a battery as a warehouse had grown up in town. For
students Ffrom rural areas the term "warehouse! is unusual, ner
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are batteries particularly cowmon. This hinders students’ ideas
about batteries in Chope. Hence it was difficult for many
. studente to explain in Chope what a battery is, or to try to use
" &n analogy to explain a battery (e.g. battery ig like a well (as
gome students did when explaining EMP)).

Responses showed that prior experience and common usage are
the main sources of studente’ understandings of electric
components and ingtruments. Responses suggest too that students
prefer to explain what an electric instrument or component is,
rather than to give an equivalent expression or term in Chope.
Thig alsc sugg 3 that in Chope the equivalent worda or
expresgions do ne exist, or are unknown to students.

Some sgcientific words in Chope are imported.from western

languages by adding a suffix or prefix, For instance : A {(metal)
wire im called walela, a battery is called pibateria.
For terms or expressions of more than one word (e.g. elegtric
current intensity, source of electromotive forece) a "key" word
addresges the meaning of the concept. The conzept metal wire
{(fio metdlico) ilg conatituted by TWO words "metal' and “MwireY
{(vfio" and "metflico"),. The student 3 chose the word filo ag the
key word and during the conceptualisation process did a literal
tranglation from Portuguese to Chope: he seemingly locked at the
word fio outaside of an electric context, or perhaps the word fio
was a stimulus for his bioleogical knowledge of fibres. Either
way the student understood a metal wire as a "fibre'.

A gimilar situation can be found in other electric concepts
where teachers or students choose or underatand one of the words
as the key word, and through this word address the explanation.
Cohen et al. (1983) advise that thia didactic progedure hinders
& -dents’ understanding in eclence classrooms: for example, it
ig common for students and teachers to refer to electricity as
energy instead of elgctric energy, or electric current as
current, in cases where the label "electric" may have specific
importance. If the key word is incorrectly addressed ox
understood, then the meaning of the expression can change too.
this develops in students’ minds misunderstandings about
fundamental electric concepts, such as electric courrent as
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current, or potential difference as potential.

Looking at the responses in the TARLES 4.4.5.1 and 4.4.5.2
we found that: .
i) . Students’ understandings were strongly influenced by prior

. experience and common, usage, both in Chope and in
Portuguese. '

ii} Previous knowledge acquired through prioi experience and
c¢ommon usage, when 1t is not scientiflcally acceptable,
hinders students’ learning of fundamental electric concepts
{see discusgions in questions 5 and 15)

iii) Btudents were not able to easily acquire concepts, where
these were uncommon in their ordinary environment (e.g. 02
- the voltmeter}. ' '
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- CHAPTER 5

-ANALYSIS OF QUESTIONNAIRE 2

5.1. INTRODUCTION

In this section we analyme the data cbtained from Segtion 1 and
Section 2 of Questionnaire 2. Twelve students out of 28 were

chosen as the sample for this part of the study.

In Section 1 we discuss translations made by students of
sclentific sentences related with electricity from Portuguese to
Chope. We assume that if students translate word-hy-word from
Portuguese into Chope, then they do not understood the real
meaning of the sentence elther in Portuguese or Chope, and do not
understand the scientific content which the sentence conveys.

In Section 2 we assess the relationship between students’
understanding and how they translate the sentence (how they
underatand the sentence in their mother tongue).

The analysis of these wmentences was done by looking at
students’ responses as summarised in TABLES 5.2.1/2 (page 82),
5.2,3 {page 83), 5.3.1 {page 84) and 5.3.2 (p&ga-BS}. The tables
indicate the types of translation for each task. '

5.2. SECTION 1 QUESTIONNAIRE 2

5.2.1. Sentence 1 (TABLE 5.2.1) _
(Voltage is shared equally between identical elements in a
series circuit),

Four studenta gave scientifically and internally acceptable

translationsa. The translations included alsc scientific terms:

ek B Ch: Intame wa guegl uo ahavianitswa ngu ku pfana ku sotse sl gotso so
landans sikhu ipdane ka tsila ya guezi.
E: voltage is shared agqually through/by all the electric elements
in series in an elegtriz circuit

Seven students translated the sentence without translating ALL
scientific terms., Some translations were:
o2 Ch: Yoltagem yi abanitswa ipm kupfana ka sotse sigotso sa gpirouito

elégtrico 2o landana ("literal" translabtion from Poxtuguese to
Chope underlined)
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E: Voltage is shared equally among/between glwcotric aelements in
series girowits,

One students mixed Portuguese and Chope during his "translatlon"
in both scientific terms as well as in ordinary .ords.

5.2.2. Sentence 2 (TABLE 5.2.2)
(A resister R is connected in series to a source which has no
internal resistance. A second idemtical resistor is then
connected to the first in parallel).

Six students did not translate ALL scientific terms although they

" translated the content:

ctl: ch: Yohomba pindissa guegl tohki Iugalhitinue yinkn laudana nd
tehiosima toha guezd telakuvas tohisikane tohinopoyisso taa tsila
y& gusezd. Tchomba pindisss guezl tcho pfana nl tcho khata tohi
lnngahitinwa em paralalo nd teko kata
B: Electric resistance is conmnected in geries with an elactrie
gource without reaistance. Another resistance ideatical to the
flrat one ia connected in parsllel with this,

Students used two different terms to define resistance:
tchomba phindigsa (., .which blocks) and tchinonoyisso {...hinders
passage or mMmakes passage difficult). During the interview
students explained that they used the two different terms as
follows: .

] Internaj resistance makea the passage of electrons
' difficult through the voltage source. '
° External resistance blocks the passage of electrons through

the electric cilrouit, .
For atudents the function of resistance in an electric circuit
is to prevent the current passing (resistance devours/uses
current), although the function of a bulbk 1 to light. Students
do not understand what a resistance is,

Two studenta mixed langnages, however tranzlated the meaning
of the sentences. Three students asserted they were only able
to translate the sentence orally, because the sentence in
Portuguese included (too} many sacientific terms. They claimed
too that a correct translation might demand more space than was
provided on the paper.
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5.2.3. Sentence 3 (TABLE 5.2.3) _
' (The potential difference between the ends of a light bulb in
which current flows is determined by the difference in energy

between the charges moving at its two ends).

Five students translated the sentence in the following way:

cie: ¢Ch: Ku hambana ka lntams wa guezi maguite ni maguito ka dilambo di
tsimbiluaku ngu guezi ku kombwa ngu ku hambanz ka intamo ws guazd
wa macarga magulto di maguite ka dilambo.

E; Potential diffarencs between the extremes (ends! of a bulb is
datarmined by the electric charge that it is flowing through the
extremes of the bulb.

Seven gstudents left some sclentifie terms untranslated:

€23: Chr FRu hambana ka intamo wa gFueai nos extremos duma Jampada
niltaimbiivako ku Insings wa gueed ku kombitwa ngu ku hambana ka
I.iﬁ.tama w;a guezl uku ka macarga slectrics ma tsekatsekaku maguito
magul to.
jof} Potentlal difference in gxtremes ofF & bulb is determined by
current of glegtric chaxge that ik la flowing through a bulb

Sever students’ responses showed that the expreszsion "gue
ge move" (which moves) was understood as "which is not statien,
Thig expregsion does not express the idea of flowing or motioﬁ_
in one direction.

During interviews the regearcher asked what the meaning of
the phrase '"matg toekaky maguito ni i Hico" means in the
context of the swntenca:

"Ru hambana ka intamo wa guezi nos extremos duma
lampada nitsimbiluako ku ipsinga wa guezi ku kombitwa
ngu ku hkambana ka intamo wa gquezd uku ka ma cargas
electrica matsekatsaka y ni maquito®

Students {(e.g. QL) said:
"I think that the better expression is not

kutsekatseka but should be ngugulhuvetana.
Ngugulhuvetans means chactic motion of anything,
however flowineg in one dirvecotion. Kutsekatseka means

a chaotic motion of anything without flowing in one
direction".

This point of view was supported by two other students in the

following way:

Wit 1le wvery difficult to agree that electrons or
electric charge car have 100% of unidirectional motion
becausez we have learned that any body is wade up of
small particles which have Brownian motion. Even if
it i not the case, if we look at childran as they go
from school they play, often running in dififerent
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directiong. The same situation we found when we take

the cows to the river: they are moving in many

direations or they stop on the way'.
What external effect can completely ciange this natural fact? was
the interesting question which students raised. . :

When I asked them why they never discussed this question in
the classroom they said:

vit ig difficult to get time in the classroom, and how

can we discuss something that comes from teachers and

textbooks? Also, is mpot good to show your teacher

that you have hig or bad understanding in his subject

otherwise....?"
_ It was interesting to find this point of wview among

students. These ideas are supported by previous knowledge that

students acquired in their childhood environment (local factors) .
Previous knowledge in this case could be 2 good founcdation to’
develop teaching in science classes. '

Three students asserted that they did not underatand the
meaning of the sentences, Bo it was difficult for them to

translate.

5.3. SECTION 2 OF QUESTIONNAIRE 2

5.3.1. Statement 1 (TABLE 5.3.1)
(Mention two uses of metal wire)

Most students were able to translate the statement and answer the
question in part (ii). Two translations were:

€12: Cch: Kombisa mithumo yimbidil ya lingotl la simbi
¢ie;  ch: Tehatchametz mithume yimbidl ya walela

However three students changed words during translation:

€16: Ch: Rombisa mithumo yimbidi ya lingoti la ezi (gtudents wrote
lingoti la guezi instead of lingoti Iz gimbi).

Ag for the cape of metal wires studentes too were able to give

good, examples-

CB: Ch; Walela yl thumela timaka thatimil, kupfana nil kuria sipmangua,
kumbe ku lunghalheta guezi hambi ku sumgz Iinkitazy.

E: A metal wire has many uses, for instance, to make a trap ar ta
connect 4n electric element into an aelectrie glroult or to tie
back a yard,
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5.3.2. Statement 2 (TABLE 5.3.2) |
~ (Does electric current flow across am electric circuit or
through an electric circuit? Explain your answer).

Students found difficulty translating the sentence. Only two
were able to translate the sentence partially (code "g"):

2 ch: Insiga wa guezi uo taimbila airavéz {across) ya circuit electrie
kumbe Xy ipdane {through) ka sigotsc sa guezi

Mest students found difficulty understanding the words
' aorogs and through.

The impact of students’ weak understanding of this sentence
was evident in the task (ii). Only two students could give a
correct answer, and they did not give any explanation to
clarify/justify the response. 8Six astudents asserted they were
not able to translate the sentence: they claimed that the
gentence ig not clear.

5.3.3. General comments on Statements 1 and 2

The sentence 1i, the task of answering the question 1il was
reasonably handled by mcst students. .

In this task students showed some influence of local factors
in their understanding. For instance €8 quoted a possible use
of metal wire was to make a trap (perhaps when young,' he had done
thig). Students from urban areas often related a metal wire with
electricity (not necesmsarily with electric current)}. No one
related metal wire with a phone circuit: phones are not common
in many Mozambican familles even in Maputo.

By comparison, students found sentence 2i difficult: the
reason wag not 8o much sc¢ientific terms but the two words ACROSS
and THROUGH that hindered sgtudents’ understanding. These two
words also interfered negatively in students’ responses in 2ii.

5.4. GENERAL CONCLUSIONS ON CHAPTER 5

Responses showed that on average students did reasonable
translations. They did not translate words but content, and were
not able to translate ALL scientific terms., This is not strange
becauge Chope is not a scientifically oriented language, not is
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it the inatructional language.

‘Responses ghowed that when expressions comprised more than

one word (e.g. potential difference, electric energy) this
develops gpecial difficulties for students’ transiations:

8tudents prefer to translate the content. If they found an

‘expression not translatable they prefer to use the
. Portuguese expression. Students’ translations generally

make sensge, and can be used as an auxiliary element to

explain to Chope speakers the intended meaning of a

statement.

Tranglations made by fluent Chope speakers (e . Cl2) can

be understood by any Chope speaker.

Some students do not know all scientific terms in Chope.

Some words (e.g.'parallél) do not have an equivalent word

in Chope, although other words (e.g. series) do.

Not only scientific words are difficult for students, but

also common words (e.g. words like through and acrogs).

Thege woxrds hinder students’ understanding, arid

consequently communication, in acience claases.

Local factors as prevmous knowledge can be

- useful for students’ avquiring new knowledge, or teo
develop good teaching and learning in science classes
(e.g. students’ ideas about the motion/definition of
electric current), or

- they can hipdex the learming process when the common
definition is unsclentific (e.g. "social" definmition
of "work®").
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TABLE 5.2.1 (Questionnaire 2, Section 1, Sentence 1)

- (Voltage is shared equally between identical clements in a series circuit)

g:gg:al Kind of translation from Portuguese to Chope

Age 33 120 |24 |23 26 132 [ 26 [ 28 [16 |32 |21 121

| Gender M |F |F [M|M|F |M|M[M[|M|[EF (M

Stud.Cx |1 |2 |3 |4 |10 [12 |13 |15 |16 |17 |18 |21 | TOTAL

T ' K ' 3 * | * i

5 > F E % ¥ * 7
CODE

T: Students gave a good translation when translating both scientific terms and ordinary words;

§:  Students did not translate ALL scientific terms;
M: Students mixed languages (Portuguese and Chope) during their translations.

TABLE 52.2 (Questionnaire 2, Section 1, Sentence 2)

(A resistor R is connected in series to a source which has no internal resistance. A second

identical resistor is then connected to the first in Parallel).

Personal | Kind of translation from Portuguese to Chope

details | B

Age 32 120 |24 |23 |26 |32 |26 |28 116 |32 |21 |21

Gender MI|E |F (M |M|F |[M|MI|M|MI{F |M

Stud. Cy 112 |3 |4 {10 [1Z2 {13 (15 |16 {17 [18 |21 | TOTAL

S * * * | ® ] R I3

W * 1

M 7 * 2'

vV * * * 3
CODE

:  Students did not franslate ALL scientific terms;

Students translated the sentence word by word;

s
w:
M:  Students mixed linguages (Portuguese and Chope) during their translations;
V:  Students are only able to translate orally.
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- TABLE 5.2.3 (Questionnaire 2, Section 1, Sentence 3)

(The potential difference between the ends of a Hght bulb in whicl eurrent flows is
determnined by rhe difference in energy between the charges moving at «-. s two ends).

[ Personal | Kind of transiation from Portugnese to Chope

details _ .
Age %2 120 |24 |23 (26 . 132 [26 {28 (16 [32 [21 |21
'Gender M |F |F |M [M [F [M [M |M |M |[F [M
Std. Gy [ 1 2 |3 4 10 12 13 |15 |16 |17 |18 |21 | TOTAL
S ¥ * £3 * * 5 ;
v * ¥ ] * K * ¥ 7.
CODE
T: Students gave a good translatic v tvanslating both scientific terms and
ordinary words;

S: Students did not translate ALL. . ¢ terms.
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TABLE 5.3.1

(Questionnaire 2, Section 2, Statement 1)

{Mention two uses of metal wire),
' mnal Kind of transiation from Portuguese to Chope (11)
Age 32 (20 (24 |23 |26 |32 |26 [28 |16 {32 |21 |31
Gender MI[F |[IFIMMIF M| M|[MIMI|F [M .
Stud. Ci 1 2 |3 4 10 {12 {13 115 |16 (17 J18 {21 | TOTAL |
T * * *® ¥ # 5 -
5 | F % ¥ F * 16
i) _ % T
_ Responses (11i) .
P ¥ % EZNN £ E 7
i E N ' * * 13
B ¥ % 2
CODE
Section 1
T: Students gave a good translation when translating both scientific and ordmary words;

8:  Students did not transiate ALL scientific terms;
D:  Students not able to translate the sentences.
Questions 1ii: :
P.  Correct answer;
u:

changed words in translation);
B:  Left the resprnse biank,
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TABLEL 5.3.2 (Questionnaire 2, Section 2, Statement 2)

(Does eleciric cvrrent flow across an electrie cirenit or through a eectric
circuit? Explain your answer).

gegi?snal Kind of translation from Portugtese to Chope (2i}

e

Az % 120 [ 24 [ 25 |26 (32 [26 (28 [16 [%2 (2L (21
Gender MI|F [ FIMIM|IF  MIM|M|MI|F |M
Stud. Oy 1 2 13 4 10 J12 (13 |15 {16 |17 |18 |21 | TOTAL
5 * . g i
M # 12
W * 1% 7
D * * * O * L] 6

. B : Responses (2ii)
B £ * * * 4
B ¥ £ ® 3
N ® * = 13
P * #* 2
CODE

Section 2i: _

8:  Students did not trenslate ALY, scientific terms;

M: Students mixed languages (Po.tuguese cad Chope) during their translations;
W: Students transfate word - y-word within the sentence;

D: Students not able to translaie the sentences.

Questions 2ii:
B: Response left blank;
F.  Correct angwer without any explanation;
N: Incorrect answer:
P:  Correct answer,

85




CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

The AIM of thig gtudy was to regearch the influence of Chope asm
mother tongue on the learning and understanding of fundamental
electric concepts among BUSCEP Chope students.
Students used a writing task as the main research instrument
for data collection, and an interview as an auxiliary instrument.
The study sample was the 1397 subclass of BUSCEP Chope
gpeakers. The fOCUS of the study wagm: _ :
o Does the Chope  language lave any influence on Physics
BUSCEP students who are native Chope speakers in
understanding the precise meaning of:

i. Orxdinary words often wused in the instructicnal
language (Portuguese)?
2. Physics terms used during teaching and learning the

section on electricity in the BUSCEF courge?

The study showed that students were often able to speak and
develop different or similar pictures/models in Chope or
Pcrtugueae without language interference. The study revealed too
that students often use knowledge aaquired through Chope when
speaking Portuguese, and that it is unue :al to do a literal word-
by-word translation or transfer from Chope to Portuguese, In
genexal, Chope did not interfere with BUSCEP Physicus studente!
understanding of the meaning of orxdinary words usged in
Portuguese. '

Mahy astudents were however weak in Portuguese. This
interferes with their understanding of some wordas or phrasges, and
consequently hinders comprehension and general communicatlon.
This weakness was reflected when students were asked to translate
some sentences from Portugueege to Chope. For instance in Section
4 many students were unable to translate the statement because
i included ordinary words (across and through). This weakness
it more evident when students do not f£ind any equivalent word in .
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Chope as prior knowledge to help understand the meaning of the
word,

In this study we found that Chope strongly influences
students’ understanding of the precise meaning of physics terms,
particular fundomental electric concepts.

Thisg study revealed that Chope ords relating to electricity
often have more than one meaning, where the precipe meaning of
the word or expreseion can only be known within the context,

The multil-meaning of Chope words often causes students to
understand a concept incorrectly. For instance in Chope -the
expression aintamo {force) defines ALL interactions and thelr
development. If the word Intame is joined with the word guezi,
we found that the expression intamo wa guszi (electric force OR
force of electricity) defines ALL electrie phenomena {electric
interactione} and their development. Thus in gcience classes
native Chope speakers use the concept "electric force' to define
also concepts such as electric power, electric intensity and
electric enerqgy.

Ancther scurce of misunderst-r 1ding of fundamental electric
concepts ig that the '"common mense" terminology and usage of
certain electric elements (e.g. interrupter) within the community
does not cvoncord well with strict acientific norms. Students get
confused when they are faced with two different and conflicting
viewpoints.

'In this study we found that prior knowledge that is not
scientifically acceptable hinders students  understanding about
the concept in question. This applies regardless of whether the
prior knowledge was acquired through Chope or Portugliese. _

Rasponses revealed that students sometimes show different
behaviours when discussing fundamental electric concepts. Many
electric concepts which were discussed among students {(such as
pre-requisite concepts and basic concepts) related to the
strictly écientific domain, and so many students useq Portuquess.
But for common concepts in their everyday life. such as electrie
components or instruments, students prefer to mix Jlapenages.
Among Chope speakers this has become a habit.
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From the results of the survey we conclude that:

BUSCEP students who are native Chope speakers often use
knowledge acquired through Chope as prior knowledge teo
understand, or better understand, some precise meanings in
Portuguese. '

Students use Chope and POrtuguese independently; i.e. Chope
ig an independent stimulus to develop or activate specific
pictures in students’ minds. The same conclusion is also
valid in Portuguese.

Students’ weakness  din  the instructional language

(Portugquese} hinders communication 4in the classroom.
Weaknesses are more evident in language structure and
vocegulary. .
Students prefer to explain the meaning of a concept rather
than to uge equivalent words or expreasions.

- Local factors such as language, cultural habits and

childhood environment are the source of wuch prior
knowledge  that  interferes strongly in  students’
{mig)understandings of fundamental electric concepts.
There are students who use prior knowledge to adjust the
new knowledge being acquired in science classes.

BUSCEP students showed common misunderstandings about
funda/mental electriec concepts (as indicated in the
literature review). The research alsc suggested that some
didactic procedures reinforce students’ weakness in
understanding some concepts (e.g. interrupter, electric
current intensity, electric current).

There are students that have particular di“ficulties in
understanding concepts with more than one word (e.g.
elegtric power, electric field), especially when one of
these words ls common within the students’ vocabulary, but
which has a meaning which 1lg unacceptable scientifically.
The study also reflecks that there are students that
develop specific pictures in their mind according to the
language they are sgeaking'(e.g‘ when speaking Portuguesa
they relate metal wire with electricity, but when speaking
Chope they relate wetal wire with material to tie or make
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a back vard}.

10. The research showed that students’ vocabulary in Chope is
often very limited, although a few students wrote and spoke
well in Chope, with a more extensive range of words. On
the other hand some students "manipulate? Chope to good
effect.

The study waa not intended to generalise the present
findings, but rather to get some idea of possible factors that
hinder the learning process among Chope students. Our belief ils .
that this research should be useful for educational experts,
teachers and Chope speaking Mozambican communities, _

It was helpful for the researcher to recognise that every
student had also been influenced by other external factors which
copstruct in his/her wind concepts, models, pictures ... even
before attending any formal education., Students consciocusly or
subconscicusly use this prior knowledge as an anchor while
learning new concepts (including fundamental electrie concepts).
The interviews showed tliat students may not be aware of these
facts. They were able to think about the same concept in Chope
and in Portuguese in two different ways. Often students stated
different arquments or gave different examples to support their
explanations (although their views sometimes remained the zame).

Bducaticnal researchers and teachers need to be aware of the
exlgtence of previous knowledge in students’ minds that could be
useful, or otherwlse, for the teaching and learning process.
Teachers need to develop good strategies to both utilize and
counter studentg’ previous knowledge in owrder to arrive at new
knowledge and acceptable sclentlfiec models. The interviews
revealed that some students preter to *hide" their previcus
knowledge because they are not sure whether thia will be
acceptable to their teachers or not.

The findings of thiz etudy suggest that Chopue ip not yet
abla to ba/become an instructional language. However it could
be a useful aid during teaching and learning in science classea,

The study also showed that educational experts and teachers
need to research how Mozambican mother tongues could be used in
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Mozambican schools.

This research was, as far as could be ascertained, the first
done in Mozambigque on the influence of the mother tongue in
learning fundamental electric concepts, The .esearcher
recognises that the desgign of this study did not permit him to
aggess as deeply as possible how Chope (or any mother tongue) or
other local factors interfers in the teaching and learning of
science. The resgearcher hopes that other more extensive and
detailed work may throw more light on the issue in the coming
years.

Additional Note: :

. An interesting fact was observed during this researclh. The
number of students that fail to understand a concept in
Chope and in Portuguese is more less the game: this fact
became more interesting because only the number of students
were the same but the students were almost always
different.

L] For concepts that students often use in their ordinary
life, and which they relate with activities (e.q.
electricity, eneray), responses were influenced by gender -

e.g. females related energy with heat while males related
energy with force,
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- APPENDIXI_'

. THE RESEARCH INSTRUMENT
| (QUESTIONNAIRE)

| (a) | -
ENGLISH VERSION
(PINK FAGES)



University Eduazdo Mondlane
Faculty of Science

Department of Basic Science

 GENERAL INFORMATION
Dear student!

311 information that the ressarcher obtaims from this
aquestiornaire will be used only for research purf ises.

-lfﬂ Surname:

1.1 First name:

1.2 Data of birth:

1,3 Hex 1 M F

What is your home language (mother tongue):

Iz Portuguese your first, second or third language?

Which language{s) do you speak to your friends?

Which language do vou speak to your family?

PLEASE DO NOT DISCUSS THESE WRITTEN TASKS WITH YOUR FRIENDS IN
THE CLASS

Thank you for your co-operationi



QUESTIONNAIRE 1

‘In this sectior you are given twenty {20) tr ms related to -
electricity.

In each case explain in Portuguese (P) and in your own mother
tongue (MT) what you understand by the meaniing of these terms.

Under You_r explanation there is a block:

very weli | well -"o'iiil_.y  |do not just
. glightly understand | guessing

Place a cross over one of these classifications ko -éhow how
well vou understand the term.

Thank you for youx co-operation!



Irn each cage explain in Portuguese (P) and in your own mother
tongue {(MT) what you undergtand by the meaning of thesé terms.
.Under your explanation there is & block. Place a cross over oxe
of these classifications to show how well vyou understand the
tarm, '

. 1. Enexgy
By ~
[ very well  |well only do mot - | just
- S . glightly | understand | guessing
very well ] wall ' only do not just
' 1 _ slightly = | understand - | guessing
2, Voltmeter
B:
véry’ woll well 6nly do not jusk
slightly {understand |guessing 4
o . . :
very wall well dnl:}‘ do not just

alightly undexstand | guessing




In each case explain in Portuguese (P) and in your own mother

tongnie (MT) what you understand Ly the meaning of these terms.

Under your explanation therse is a block. Place a cross over one

of these classif

term.

3. Electrical resistance

ications to show how well you understand the

F: —
_vei:v well well only do not just ¢
alightly understand | guessing ||
MT:
very well well only do not just
. : slightly understand | guessing
4., (Electric) current intensity
B: _ : .
very'wall well only do riot Just '
glightly understand | guessing
M '
vary well well only do not just
slightly understand | guessing




In each case explain in Portuguyese (P) and in your own mother
tongue (MT) what you understand by the meaning of these terms.
Under vour explanation there is a block. Place a cross over one
of these classifications to show how well you understand the
term. '

5. A switch {"interrupter")

P:
. very well well’ only : do _ﬁot just

: . | | slightly understand | guessing
I very well well. only do not just

' . glightly understand | guessing

6, An insulator

P
| very wall well only -{ do not Just .

glightly undexstand | guessing |

MT:

very well well only ' do not “ust

slightly [ understand |guessing




In each case explain in Portuguese (P) and in your own mother
tongue (MT) what you understand by the meariing of these terms.
Under vour explanation there is a block. Place a cross over one
of these classifications to show how well you understand the
term. i : : )

7. BElectric field

P
very well |well only.,  |do not Just
: slightly understand | guessing
M'I‘:__
very well well only do not juat'
- -] 8lightly | understand | guessing
8. Blegtric power
P ; :
very wall well | only do not Just
: - slightly understand | guessing
MT;_
very well well only do not Just

slightly understand | guessing




In each case explain in Portuguese (P} and in your own mother
tongue (MT) what you understand by the meaning of these Lerms.
Under your explanation there is a block. Placr a cross over cne
of these clasgifications to show how well 3. . understand the
term. .

9, Conventional current

P: -
v.é.ry wall well only ) . do not just
glightly | understand | guessing
MT:
very well wall only de not just
o : ' .| slightly understand [ guessing
L0. an electric circuit
P: '
very well |well | only do not just
_ _ slightly understand | guessing
MT:
very well well only do not just

slightly understand |guessing




In each case explain in Portuguege (P} and in your own mother
tongue (MT} what you understand by the meaning of these terms.
Under your explanation there is a block. Place a cross over one

of these class:l.fn.cat:.ons to show how well you understand the

- term.
11. Load
P.
very wall well only do not just
1. slightly understand | guessing
MT:
very well well only do not just
. .s.;.:.ght:ly_ understand cuessing
12. Electric current
P: .
vary weil well orily l_ do not just
: slightly undexrstand | guessing
MT:
vary well well | only do not just .
slightly { understand | guessing




In each ease explain in Portugnese (P) and in your own mother
tongue (MT) what wvou understand by the meaning of these terms.
Under your explanation thera is a block., Place a c¢ross over one
Ef these dlagsifications to show how well you understand the
erm. :

13. Electric charge

P:
very wall wall L only " | do not '_I'just
_ slightly ' | understand | guessing
.. MI' :"
very well well .' only - do not Just

slightly . |understand | guessing

14. A parallel circuit

P
very well wall ' only do not o | Just
C : slightly understand | guessing
MT':
very well well ozily do not just
siightly understand | guessing




In each case explain in Portuguese (P} and in your own mpother
tongue (MT) what you understand by the meaning of these terms.
Under your explanation there is a block. Place a crosg over one
of these classifications to show how well you understand the
term. )

15. (Metal) wire
Pi_ :

very well well onl-y'  |do not just
; : : : _ slightly understand | guessing

MT:

very well only do not Just
slightly understand | guessing

16, Potential difference

- : ;

very well . .wél'l _ 'only ' do not just

. 0 _ slightly understand | guessing
'M'I‘:

vefy-well’ wall only do not Just

slightly understand | guessing




In each case explain in Portuguese (P) and in your own mother
tongue 1:I') what you understand by the meaning of these terms.
Under your explanation there ig a block. Place a ¢ross over one
of these c¢lassifications to shoew how well you understand the
term. '

17. A source of electromotive force

P —
very well ‘wall only do not just
: . I ' slighcly understand | guessing
MT:
very well wall only . do not Just ‘
slightly . understand | gquessing
i8. A battery
Pe_. .
very wall well . Dﬂl}é" do not Just )
- slightly understand | guessing
MT:
very wall |well ' only do not | just

alightly understand | quessing




In each case explain in Portuguese {P) and in your own mother .
tongue (MT) what you understand by the meaning of these terms.
Under your explanation there is a bleck. Plase a crosg over one
of these classifications to show how well you understand the

term.

19. Electricity

P: .'
' very well wall only ' do not just
o slightly understand | guessing
MT':
very well well only do n.ot. B just
. slightly undsrstand | guessing
20. work
Bri__
very well well only do not just
slightly understand | guessing
MT:
very well [well onlty de not | just
: slightly understand | guessing




Sutrname: : Intials:

QUESTIONMATIRE 2

SECTTION 1

&) Translate the fOllOWlng three santences into your own
mother tongue :

1. Voltage iz shared egually between :|.dent:|.cal elements in a

: serles c1rcu1t

A:

2. A resistor R is commected in series to a source which has
no internal resistance. A second identical resistor is
then connected to the first in parallel.

A . .

3. The potential difference between the ends of a. light bu}b
in which current flows is determined by the difference in
energy between the charges moving at its two ends.




SECTION 2

{i) Translate the following statément into your mother tongue
and then, '

{ii} Answer the statement in your mother tongue
1. Mention two uses of metal wire.

(i)[translationl

~{1i1) [Answer]

2. Does electric current flow across an electric circuit or
through an electric circuit? Explain your answer.

{i) [Translatioun]

(1i) [Answer]




~ APPENDIX 1

. THE RESEARCH INSTRUMENT. o

(QUESTIONNAIRE)

| (b)
PORTUGUESE VERSION
(YELLOW FAGES)



Universidade Eduardc Mondlane
Faculdade de Ciéncias

Departamento das Cié&ncias Bisicas

INFORMAGOES GERATS
Caro estudante

Todas as infoimaqﬁes que serfo obtidas através
questiondrico serfio usadas apenas para a investigagSo.

1.0 apelido:

deste

1.1 Nome:

1.2 Data de nascimento:

1.3 - Sexo: M F

1.4 Que lingua é que fala na sua casa {lingua materna}?

1.5 Serd o Portugués a sua primeira segunda or terceira

lingua? ' '

1.6 Qual é(sﬁo} as ling_ua(s} que voch fala com os seus amigos?

1.7 Qual é a lingua que vocé fala com.cs seus familiares?

POR FAVOR NAD DISCUTA ESTE TRABALHO (QUESTIONARIO)

CoM OS5

SEUS COLEGAS DURANTE SUA RESOLUGCKO, ISTO E, NA SALA DE AULAS.

MUITO OBRIGADO PELA SUA COOPERACAC |



QUESTIONARIO 1

Nesta secqgdo é lhe dado(a) wvinte {20} termos relacionados com
a electricidade. Em cada caso expligue em Portugués (P} e na

sua lingua materna {IM) o que é que vocd entends por cada um
. destes termos.

No fim da sua explicacéo héd ﬁm "bloco® como este:

nuito bem ban o 84 um pouco nﬁé entendo Bpenas
: advinho

For favor ponha uma cruz sobre a claggificagio que indica como
vocé entende o termo

OBRIGADO PELA SUA COOPERAQAQ!



Em cada caso explique em Portuguds (P} e na sua lingua materna
(LM} o que é gue vocéd entende por cada um estes termos. No fim
da sua explicagSc hd um "blocoe". Por favor ponha uma cruz
‘gsobre a classificag8o que indica como voc® entende o termo.

1. Energia

P:

_ﬁuiﬁo bam bem 86 um pouco | nfo entendo | apenas

o . _ .. | adwvinho

LM:

muito bem | bem . 86 um poﬁ.co nio entendo | ayenas
. . advinho

2. Voltimetro

P:

:'mito' hem bem 86 um pouco | nio entendo 'a',pams

LM:

56 um pouco [ ndo ént:eindg apenas




Em cada caso expligque em Portugués (F) = na sua lingua materna
{IM) o que & que vocé entende por cada um estes termos. No fim
da sua explicag8oc hd um "bloco". Por favor popha uma cruz
sobre a classzificaglo que indica como voc® entende o termo.

3. Resisténcia eléctrica

B:
muito bem ' bem " | 26 uvm pouco | ndo entende épén)a's
' . advinho
LM:
miito bem bam 86 um pouceo | ndc entaendo | apenas
4. Intensidade da corrente {eldctrica)
P:
muito bem bem 86 um pouco | ndo entando apenasg .
advinho
T
muito bem bem 86 um pouco | ndo entendo | apenas

advinho




Em cada caso explique em Portugu@s (P) e na sua ifngua materna
(LM) o que é que vocé entende por cada um estes termos. No fim
da sua explicagiio hd um "bloco*, Por favor ponha uma cruz
scbre a classificaglo que indica como voceé entende o termo.

5. Um interruptor

P:
_muito bem bem 86 um pouco | nfio antendo é.pena.s
: . advinho
LM:
muito bem | bem 26 um pouco | ndo entendo Hpenag
_ 1 : advinho
6, Um isoladoxr
P
miito bem bem 86 um pouco | nfo entendo apenas
advinho
1M
muito bem bem 86 um pouco | nEo entendo | apenay

advinho




- Em cada caso expligue em Portugués (P} e na sua lingua materna
{IM) o que & gque vocd entende por cada um estes termos. No Ffim
da sva explicagde hd um "bloce". Por favoer ponha uma c<ruz
sobre a classificagdoc qgue indica como vocé entende o termo.

7. Campo eléctrico

-
mudto bem bem | 86 um pouco | nic entendo | apenas
advinho
LM:
‘muito bem | bem 86 um pouco | nde entendo | apenay
B. Poténcia eléctrica
P
muito bem bem pé um pouco | néo entendo | apanas
. . _ advinho
LM
maito bem bem 8% um pouco | nio entends | apenas
. ' advinho




Em cada caso explique em Portugués (P) e na sua lingua materna
(LM} © que € gque voc@ entende por cada um estes termos. No Fim
da sua explicagdo hd um "bloco". Por favor ponha uma cruz
sobre a classificagdo que indica como vocé entende o termo.

9. Corrente convencional

P: :

muito bem | bem 86 um pouco [ ndo entendo | apenas
LM:

muite bem bem 86 um pouco | niio entendo | apenzs

. - _ : . | adwigho
o 10. Um circulte eléctrico

P: :

muito bem bem _ g6 um pouco | nfio entendo | apenas

_ - advipho
IM:

muito bam bem &6 um pouco | niic entendo | apenas

advinho




Em cada cazo explique em Portugu8s {P) e na sua lingua materna
{LM) o que é gque vocé entende por cada um estes termos. No. £im
da sua explicacio hia um "bloco". Por favor ponha uma cruz
sobre a classificagdo que indica como vocd entende o tarmo.

11. Cerga
P: .

muito bem bem 56 um pouco | nfio entendo | apenas

: . . . advinho
LM:

muito bem bem g6 um pdudo nio entendo apenas

advinho

12. Corrente eléctrica
P;-

muito bem bem 56 um pouco | néo entendo | apenas

. : adyinho

LM:

muito bem bamn 86 um pouco | nde entendo | apenas

advinho




Em cada caso explique em Portugu@s (P) e na susa lingua materna
{IM} o que & cue vocd entende por cada um estes termos. Ne fim
da sua explicag@o hd um "bloco". Por £avor ponba uma cruz
sobre a classificac8c que indica come vocé& entende o termo.

13. Carga eléctrica
P

miaito bem bem 86 um pouco | ndo entendo | apenas
_ ' : advinho
LM:
muito bem | bem 86 1 .ouco | nio entendo | apenas
1 adwinha
14. Um circuite eléctrico em paralelo
P: )
miito beﬁ bham 86 um pouco | nic entendo apéna.s
: advinho
IM:
muito bem bem . 86 um pouco | nfio entendo | apenas

advinho




Em cada casg explique em Portugués (P) e na sua lingua materna
("M} o que & que vocd entende por cada um estes termos. No £im
i pua explicacdo ha um *bhloco", Por favor ponha uma crusz

sobre a classificaglio que indica come vocé entende © termo.

15, Fio (metdlico)
P:

muite bem ham. 26 um péueo nio entendo | apepasg
advinho
LM ; B :
muito bem ben g6 um pouco | 8o entendo -;é.penas
advinho
16. Diferenca de potencial
P: . . . .
{ maito bem bem 86 um pouco | nio entendo apAnas
. . advinho
LM:
muito bem bem g6 um vouco | nio entando apenas
. o o . o advinho




Em cada caso expligque em Portugués (P) & na sua lingua materna
(LM) © que & que vocd entende por cada um estes termos. No fim
da saua explica.q&o hi um 'bloee". Por favor ponha uma crusz
sobre a classificac8o gque indica como vocd entende o termo.

17. Uma fonte da forga electromotriz (fem)

P:
muito bem | bem 86 um pouco | nio entendo | apenas
: . :  advinho
1M:
miito bem | bem 86 um pouco | nio entendo | apenas
. advinho
18, Uma batéria
B:
muito bem bem s-S um pouco | oo entendo | apenas
: . o advinbo
LM:

'36 T :pouco n&o antenﬁo apenad




Em cada caso explique em Portugu@s (P) e na sua lingua materna
(IM) o que & que vocd entende por cada um estes termos. No £im
da sua explicagio hd um "blioco". Por favor ponha uma cruz

sobre a classificagdo que indica como vocég entende o termo.

19. Electricidade

84 um pouco

néo entendo

P
maito bem bem 85 um pouco | nfo entendo | apenas
advinho
e s
muito bem brm a8d um pouco | nio entendo ':xpenas
. advinho
20. Trabalho T
B:
puito bem |bem aé um pouco | ndo entendo | apenas
advinho
_ LM:
muito bem _.bm apenas

advinho




"Apelido . Iniciais:_

QUESTIONARIO 2
sncgﬁo. 1‘

‘a) 'Traduza as seguintes t.ras expressfes para a sua lingua
matarna (T},

1. A voltagem é compartilhada de forma ecuitativa por todos os
alementos idénticos mim circuito eléctrico em série.

R:

2. Uma resis 28ngia R é ligada em série a uma fonte que ndo tem
(sem) registudneia :Lnterna Uma segunda resist@ncia idéntica #
primeira é ligada & pr:.men.ra em paralelo .

R:

3, A diferenc;a de potehclal entre osg extremos duma lampada cue
é percorrida pela corrente & determinada pela Jdiferenca de
cdergia das cargas que se movem entra os dois extremos {da
lampada) .

R:




SECCHO 2

(i) g?aduza a gsegriinte adirmacBo para a sua lingua materna e
epois,

{ii) Escreva a respeita a2 sua lingua materna.

1. Mencione duas aplicagBes de um fioc metdlico

{1} [Traduc8o]

{11) [Resposta]

2. A correrte eléctrica flul sobre o circuito eletrlco ou
através de circuiteo eléctricao?

D& uma explicagio da sue resposta

(1} (Tradugéo]

{ii)} [Resposta]_




APPENDIX 2
ANALYSIS OF QU .STIONNAIRE 1

Section 4.2
- Pre-requisite electric concepts

| Section 4.3
Basic concepts of DC circuits

Section 4.4
Circuit components and instruments



TABLE 4.2.1: ANALYSIS OF QUESTION 1 (Energy)

ENERGY _ Portuguese Chope
Persenal information Ideas Ideas
Student | Gender |Age |E[FICiH|O (I [G[S!0O Comments
1 M 32 * 1 # bl FC
<2 F 20 Ak W FC
C3 F 27 | | [+ ¥ CH
C4 M 23 * - '
C5 M 37 | ¥ | *
C6 M - - * E
c7 M 19 * il C-Gand -G
] M 21 | * |- articular case
9 M 21 | * -
Cl10 M 26 | * #*
Cil M 25 - -/ ouT
Ci2 E 32 * * CG
C13 M 26 * b ¥
1C14 M 16 vl * FI
15 M (28 [ * '
Cl6 M 16 * *
C17 M 32 | * * - '
CI8 F 21 * * ' I
C19 M 27 * ] -
Ca0 F - XN - C-H
€21 M 21 ] 1* S Fl and IG
22 M 21 | * * _
C23 M 21 # *
| C24 M 21 | * ¥ _
C25 M 22 |+ - '
C26 P - W * ' C-H
c27 M 4 | * L
c28 M 28 * * F-I
TOTAL 917 (8l6}3 |11 [4]13]10 N=27
: Code
Portriguese
E: Enables an object to do work
3 Foree (produced or necessary) to do work
C: Electric current
H: Heat and/or transfer of heat
(83 Other responses (responses that are not stating commeon ideas are
indicated as “*”, a blank as “-” and blank in both languages as “-/")
Chope
I Intamo (Foree)
G: Guezi (Electricity, Electric current)
D: Students claimed they do not have any idea about the concept
S Students claimed they know the meaning of the concept, but are only
able to respond orally
O Other responses (responses that are not stating comumon ideas are

indicated as “*”, a blank as “-” and blank in both languages as *-/")



TABLE 4.2.2: ANALYSIS OF QUESTION 7 (Electric field)

Electric field Portuguese Chape
Personal informsation _ Ideas Ideas
Student {Gender |Age [E |D 10 |U - ID Q | Comuments
Ci M 32 B _ W
c2 B 20 * * EU
C3 F 24 * E E-U
C4 M 23 * * EU
C5 M 37 * * ED
c6 M — * E-8
C7 M 19 * * E-U _
(5. 20 M 21 *® - ] o
C9 . M . 21 #® - O K
C10 M 26 | * . . O-U
Cl1 M 25 ~f . - {OUT :
C12 F 32 * * D-D _
C13 M 26 | * —Tou
Cl4 M 16 * [k | B-U
C15 M 28 * * |E-O
C16 M 16 | * * BU .
Cl17 M 32 * % QU
Cis F 21 |* * TEU ]
cl9 M 27 * - _ o."" 4
C20 F = - - | OUT . |
C21 M 21 * * : 0-0
Cc22 M 21 - (* * ' BED 3
Cc23 M 21 * E-$
C24 M 21 * - . e
C25 M 22 *® _ B
C26 F - * - { O-""
Cc27 M 34 # - E-"."
C28 M 28 * - E-"-"
TOTAL 15 j1 10 711 3 10 _ N=26
Code
Portuguese
E: Electric field is an area around an electric charge where the effect of
the charge is felt
D: Students claimed they have no 1dea about the concept
o Other responses (responses that are not stating common ideas are indicated as
“ blank as *-” and blank in both languages as “/")
Chope
Ukalo kumbe i thembwe ku pfalalu Intamo wa guezi (Avea, place or
region where an electric force is feit)
Dt Students claimed they have no idea about the concept
S: Students claimed they know the meaning of the concept, but are only
able to respond orally
O Other responses (responses that are not stating common ideas are

indicated as “*",a blank as *-" and blank in both languages as ')



TABLE 4.2.3: ANALYSIS OF QUESTION 11 (Load)

as **" a blank as “-” and blank in both languages as “-™")

Load Portugnese | Chope
personal information Ideas Ideas
Student | Gender |Age |E |Q jO |T (G X8} O | Comments
CL M 32 ¥ L] * #* ® * Special 1 I
_(_:__2 K 20 * * * Bl
Cc3 F 24 |* RN - | B —
4 M 23 * i - -
C5 M 37 ¥ * | E-D
co M - - | wny
c7 M 19 * *l gS
c8_ M 21_|* h E-I .
co M 21 - * Wy
C10 M 26 |* * H-I |
Cll M 25 - * “rs
Ci2 F 32 |* * E-I _
C13 M 26 | * ¥ | * Special i -G
Cl4 M 16 |[* [* (% | * Special 1 -G
Cl3 M 28 1¥ * |k Bl |
Clé M 16 b* | * | * * Special 2 -
C17 M 32 | % [* | x fw [* Special 1 -G
Cl18 F 21 |¥ | =* * Special 2 G
C19 M 27 * * Q-D
C20 F — - . - | OUT
Leat M 21 IR B EN K Special 3 IG
C22 M 21 * *
Cc23 M 21 * * OS5
C24 M 21 * - o
C25 M 22 * - Q-
C26 F - o ' ~ | OUT
C27 M 34 - -/_| OUT
Cc28 M 28 |* k| _ Q-1
TOTAL 14 110114 |12 1613|6185 N=25
Code
Poraiguese .
E Toad is anything that it is carried/ delivered
D: Load is quantity of electrons transported by electric current
O Other responses (responses that re not stating common ideas are indicated
: as “*".a blank as “.” and & blank in both languages as “-)
Chope )
L load intualofinthualo kimbe tchidiumba (anything that it is
carried/transported) )
G Intamo wa guezi (electric force or force of eleciricity)
D Students claimed they have no idea about the concept
S Students claimed they know the meaning of the concept, but are only able
to respond orally _
O Other responses (responses that e not stating cornmon ideas are indicated



TABLE 4.2.4: ANALYSIS OF QUESTYON 13 (Electric charge)

Eleetric charge Portuguese Chope
Personal information Tdeas _ Tdeas
Student | Gender [ Age |C[P|A[Q |I|D |S[O [ Comments
Cl | M 32 |* : * CD
c2 F 20 [* * CD
C3 F a4 - * T '.
C4 M 23 * *® C-D ]
C5 M 37 | * * Cc-D
Cé M = - * |
C7 M 19 * |- A--
C8 M 21 : -/ _ - | QUT
9 M 21 # * - g
Cl0 . M 26 iq- ¥ - lmep
Cli M 25 * | P-S§ :
Cl2 F 32 * * ' A
C13 M 26 *l * P-D :
Ci4 M 16 i -/ | OUT
Ci5 M 28 * * _ P-0
Cl18 M 16 |* * Cl ]
C17 M 32 * N AT
C18 F {21 * * | A-O
Cl9 M 27 * * | A-Q
C20 F — -/ -/ | OUT
C21 M 21 * ' i CI
C22 M 21 * * P-S
C23 M 21 * * C-5
24 M 1 | # % . - A-Q !
C25 M 22 - * . .
026 F b L B C-“-_"
c27 M 34 - - | OUT
28 M 28 -/ -/ | OUT
TOTAL 9{4|6 4 [2]13[3]51 _ N:=23
Code
Porjugne
T Electric luroe & electric capacity
P Eler. -ic charge is an electric particle
Al Incorrect explanation, but internally consistent
O: Other responses (tesponses that are not stating commeon ideas are indicated as
" g blank as "-" and blank in both languages as "+/")
Chope '
L Electric charge Intamo wa_guezi (Electric force or force of electricity)
D: Students claimed they have no idea about the concept
5 Students claimed they know the meaning of the concept, but are only able to
respond orally
8] Other responses {responses that re hot stating common idea are indicated as

"% 2 blank as "-" and blank in both languages as "-/")



TABLE 4.2.5: ANALYSIS OF QUESTION 19 (Electricity)

“x” 2 blank as “=” and blank in both languages as "-/')

Electricity - Portuguese | Chope
Personal information Ideas Idess
Student | Gender | Age [MC!Q|O |N [D 8|0 | Comments
Cl M 32 |* N M-*N
C2 F 20 * *N Q-*N
c3 F |2 ¥ * ON
1 C4 M 273 * * CN .
C3 M 37 - 1 ¥ “ILN
6 M — - %® TR Y]
C7 M 19 * 1F C-N
C8 M 21 * *| . CD.
9 M 21 - | M _
Cl10 M 26 M-8
Clt M 25 - I * 4N
Cl12 F 32 * *N Q-*N |
Cl3. M 26 - | "N AN
cl4- M 16 # N Q-*N _
C15 M 28 * * C-N
Cl6 M 16 #1 | # Q-N
C17 M 32 | * M-N R
CIi8 F 21 ¥ *N M-*N
cl19 M 27 * | * ) O-N
C20. F - - - | QUT
C21 M 21 I ' N
Cc22 M 21 * C-8
C23 M 21 - {+ -/ | OUT
C24 M 21 * - C-r
C25 M 22 * * C-D
C6 B - * - Q-
c27 M 34 -/ -/ | OUT _
C28 M 28 I - | OUT
TOTAL 517/616 [17 §2{2[3 N=24
Code
Portuguese
M: Electricity is electric current motion OR motion of electric charge
C Electricity is Chapter of Physics
Q: Electricity is calorific energy
O Other responses {responses that are not stating common ideas are indicated as
"#"_ 2 blank as "-" and blank in both languages as "-/")
Chope
N: Llectricity yi guezi kumbe indilo wa guezi (is electricity OR electric current OR
fire of electricity/electric current is electricity)
*N: Students that relate directly electricity with heat
D; Students claimed they have no idea about the concept
3 Students claimed they know the meaning of the concept, but are only able to
respond orally
o Other responses (responses that are not stating cornmoa ideas are indicated as



TABLE 4.2.6: ANALYSIS OF QUESTION 20 (Work)

R zZ¥n

" Q

" a blank as "-'" and blank in both languages as "-/")

Chiope

Inthumo kutikarata/futchuluma ngu tchomaha (effort to achieve anything)

Inithurno (Work)

Work Portuguese | Chope
Personal informstion Ideas Ideas
Student | Gender .| Age | W) PEIO |KI|N O | Coraments
Ci M 32 * * E-N
Cc2 3l 20 * B-8
c3 F % * * BN
C4 M 23 * * P-1
Cs M 37. * * E-N _
CG . M _— * - . NI
[+ M 19 * * o-0
C8 M 21 % - P _
() M 21 B - _{oUT
C1D M |26 *[ * ] E-1
[i§] M 25 | * W-§
C12 E 32 ¥ * ' E-N
Ci3 M 26 ¥ * Bl -
Cl4 M 16 il ¥ E-K
C15 M 23 * " P-1
Cl6 M 16 * * El _
C17 M 32 * A O-I-
Cl18 R 21 * ® | Pl
19 M 29 * - Pyl
Cm F . -— E3 - P-“_il
C21 M 21 _ -/ - | OUT
Cc22 M 21 . W-8
C23 M 21 - - | ouT
C24 M 21 * W-8
C25 M 22 * * P-I
Cc26 E - | * & ] E-1
C27 M - 34 » * W-N
C23 M 28 ¥ - Q-
TOTAL S17(914 [2/8[5 N=25
Code
_ Portugnese

w: Work is force times digplacernent

P ‘Work is the displacement created/produced by a force

E; Work is result of a force done by an animal, person or engine

o Other responses (responses that are not stating commmon ideas are indicated a

Njikombitso tcha inthume wanthu {(work is fruit/result that someone can do and

state)

Students claiimed they have no idea about the concept
Students claimed they knov* *e meaning of the concept, but are only able to

respond oraily

Other res: <nses (responses that are not stating common idea are indicated a ™",

blank as "-* and blank in both languages as "-/")




TABLE 4.3.1: ANALYSIS OF QUESTION 3 (Electric resistance)

as "', a blank as "-" and blank in both languages as "-/)

Yiectric Resist. Porfuguese Chope
. |_personal information Ideas Ideas
Student | Gender [Age (M [O|T |B O | Comments
Cl M 32 | * * M-B
C2 B 20 | % - M
C3 F 24 | * * M-B
C4 M 23 [ * ¥ | M-0
C5 M 37 - oy
o] M - - -/ | OUT
7 7] 9| * - M
C8 M a1 | * - T
("] M 21 * - - O_u_'r.
Cl10 M |26 | * * | ® M-T  and T-B
Cl1 M 21 * - | M-®" i}
Cl2 F 21 | % * M-T
Cl13 M 26 -/ - | QUT L
Ci4 M 16 * * . 00
Cis M 28 | * * M-B )
Cl6 M 16 * i * C-0
17 M 32 E O-T
it 3 2 ) ¥ 00
C19 M 27 * - Q-
20 F — E3 - O_u_”
C21 M I * M-T ]
Cc27 M 21 * 108
C23 M 21 |* _ M-S
C24 M 21 * * M-T
C25 M 22 7 -/ | OUT
C26 F - - -/ | OUT
c27 M 34 [* - M-5
C28 M 28 [* a M-B
TOTAL 15|95 1|6 { N=24
Code
Portuguese
Electric resistance is a friction which opposes the motion of electric
current
O Other responses {responses that ~re not stating common ideas are indicated
as "*", g blank as "-" and blank in both languages as "-/*}
Chope .
T: Intamo wa ku kuti tchukumisa tehipfalela guezi (force/effort of opposition
of electric current in a wire)
B: Niimaha tchitsimbako ku guezi yi hinda yotse ka watela (something that
prevents electric current passing through an electric wire)
D Students ¢!aimed they have no idea about he concept
s Students claimed they know the meaning of the concept, but are only able
to respond orally
O Other responses (responses that are not stating common ideas are indicated



TABLE 4.3.2: ANALYSIS OF QUESTION 4 (Electric current intensity)

able to respond orally.
Other responses (responses that are not stating common ideas are
indicated as *“*", a blank as "-" and blank in both languages as "-™)

Chope

Intamo wa guezi (electric force)

Intsengo kumbe imphimo wa gwezi yi phindsko ku ka wiela ya guezi (the

quantity of electric current or electricity that pass through electric wire)
Students claimed they know the meaning of the coneept, but are only able to

tespond orally.

| Electric Current Intensity | Portuguese | Chope
Personal in formation Ideas Ideas
Student | Gender jAge [Q [D|O I |MD 0O | Comments
Cl M 32 L O-1
C2 F 20 * * 0-0
C3 . F 24 * * Q-M
Cd M 23 FF — 01
s M 37 3 _ Q_u__n
Cé M - -/ -/ {1 OUT
Cc7 M 19 * * Q-1
C8_ M 21 ¥ - QN7 ,
Co M 21 ’ * - j Q-5
C10 M 26 * * QI
Cll - | M 25 * - Q-
12 F 32 # * D-D
C13 M 26 * ¥ Q-1
Cl4 M 16 * 0-D
C15 M 28 * * G-1
C16 M 16 * * Q-M
C17 M 32 # * Q-M
Cl8 F 21 * I Q-1
Ccl9 M 27 ¥ - Q-
C20 F_ [~ ® * T oM
Czl M 21 * ¥ [O0-0
C22 M 21 -f - | OUT
C23 M 21 * 0-5
C24 M 21 ¥ = -~
- C25 M 22 * i A
C26 F - ¥ 1T 1= 07T
C27 M 34 * * Q-D
| C28 M 28 ¥ - [ M-
TOTAL 1411111 |7 [4]2 11 N=26
Code
Porfuguese
Q: Electric curtent intensity is quantity of charge flowing into an electric
conductor/felement per time nit.
D: Students claimed they have no idea about the concept
LH Students claimed they know the meaning of the concept, but are only

Other responses (responses that are not stating common ideas are indicated ag

w4 o blank as "-" and blank in both Janguages as "-/")




TABLE 4.3.3: ANALYSIS OF QUESTION 6 (Insulator)

Insulator [ Portugnese | Chope
i Personal information Idens | Ideas
Studemt | Gender {Age |H |D[O [|P|D|S |0 [Comments
Cl M 32 * * H-P
C2 F z0 ® K3 _
c3 E 124 1 ¥ * D-D [ 0-0
4 M 23 * i H-P _
C5 M . 37 & |- O-u_s!
Cé M -- * * T 0-3
'_Cz_ ) M 19 [ R - H_“_n
(o] M 21 | * | - o |
co M 21 * - o "1
| C10- M 6 |F R H-P
C1 I M 21 [ - H_u_n
Ci2 F 21 b * | H-P
C13 M 26 |* * H-D
Cl4 M 16 _ ® * 0-0
Cl3 M 28 | * * | H-O
| C16 M 16 * N _ 0-0
c17 1M 2 |* - |H*>"
Cl8 3 21 * ¥ H-P
Cl19 M 27 1* [ H-"T
Cc20 F u - ] - | OUT
JC21 M 21 * i H-P
[ C22 M- 21 | * * H-8
C23 M 21 * * H-5
C24 M 21 * - |H"-"
C25 M 22 * * _ H-P
| C26 F - -f - [ OUT
C27 M 34 _ * * _ 0-8
czs M 28 * . - H-lG-!l
TOTAL 171178 181214113} N =26
Code
Portugnese '
H: Insulator is an instrument that hinders/obstructs passage of electric
curren
D: Students claimed they have no idea about the concept
o} Other responses (responses that are not stating common ideas are
indicated as "*", a blank as “-" and blank in both Jangnages as "-/")
Chope
P: Insulator niimaha tchi phalelako guezi (Insulator is an
instrument/apparatus that hinders/obstructs passage of electric
. current)
D: Students claimed they have no idea about the concept
8 Students clalmed they know the meaning of the concept, but are only
able to respond orally
0; Other responses (responses that are not stating common ideas are

indicated as "**, a biank as "-" and blank in both languages as "+/")



TABLE 4.3.4: ANALYSIS OF QUESTICN 8 (Electric Power)

Electric power Porfuguese | Chope _
Personal information Idens Ideas
Student | Gender |[Age | TiF |C|O|1 |D]|S) O] Comments
Cl M 32 * * 0-8 |
C2 F 20 L E * | F-I F-C
3 F 24 LR E 01
Eﬂ. M 23 . . * - 0-“ [T)
C5 ™M 37 * * F-1 i
C6 M -- * T-3
g_ M 19 * - Tr-“-“
C8 M 21 * - {T-H"
[5] M 121 * - Q-
C10 M 26 | * * T-1
Cl1 M 23 _ * * - 0-5 |
Cl2 F 32 "' * F-1
CI3 M 26 | * * B T-1
Cl4 - M 16 * * O-5
C15 M 28 * ¥ T-I
Clé M 16 |* * T-T
Cl17 M 32 | * * Tl
C18 F 21 * * F-1
CI9 M 27 I - -7 F-C
C20 F — B ~f _ -/ | QUT
C21 M 121 * ® T-D _
C2 (M 21 ¥ [ * FbD |CD |[Frg
C23 M 21 ® * _ 0-8
C24 M 21 f - | OUT ]
C25 M 22 * - . 1o
C2b F — ; - . . C_n_n -
| C27 M 34 -f -/ | OUT
C28 M 28 -/ ~{ { OUT
TOTAL [9 161418 [10[2]4]8 N= 24
Code

Portuguese

T Trabalho produzido por electricidade num determinado tempo (work

ond

Py

o ayr

produced for electricity per time unit)

Forga da energia electrica (force of electric energy)

Capacidade de produzir energia (Capacity of producing energy)

Other responses (responses that are not stating common ideas are indicated
as "*" a blauk as "-" and blank in both languages as *-"

Cl.ape

Electric power Intamo wa guezi (eiectric power is electric force)
Students claimed they have no idea about the concept
Students claimed they know the meaning of the concept, but are only able

to respond orally

Other responses (responses that are riot staring common {deas are indicated
as "#", a blank as "-" and blank in both languages as "-/")



TABLE 4.3.5: ANALYSIS OF QUESTION 9 (Conventional current)

| Conventional current Portugnese | Chope
Personal information Ideas _Ideas -
Student | Gender |Age [P[C/|D[O |T[D|[S[L | Comments
Cl M 3z g * * C-L Special note
C2 al 20 * * P-D
€3 _ |F 24 * . ¥ ' 0L
C4 M 23 -/ - | OUT
C5 ™ 37 w ] D-D
C6 M |- | -/ [ OUT '
___gz M 19 * - C__u_ﬂ
C8 M 21 _ ' -/ |~ |OUT | _
C9 M 21 i [J | - . O_u_" .
C10 M 26 * * - O-T
Clii M 35 * * P-D
C12 F 32 * * D-D
Ccl3 M 26 * * C-D
Cl4 M 16 - -/ | QUT
C13 M 28 * * D-D
Cl6 M 16 * # P-8
Ci7  |M 32 [* I BT
Cl8 F 21 * * O-L
€19 M K TP
Cc20 F e . - -/ | OUT
C21 M 2 ¥ ¥ CD
C22 M 121 » * P-8
[ M 21 ¥ , # Cs__ |
O A a1 . * - Faly
CS _ |M 22 - -/ | OUT
C26 I3 - - -/ | OUT
C27 I M 34 ' -/ - [ QUT
C28 |IM 28 ~f -/ | OUT
TOTAL ' 66|34 [2]7]37 N=19
Code
Portuguese
: Conventional current {s motion of electric charge from positive to negative
le .
c %cc.mwntiun is agreement, before doing something
D: Students claimed they have no idea about the concept
S Students claimed they know the meaning of the concept, but are only able to
respond orally
o Other responses {responses that are not stating common ideas are indicated as
" 1 blank as "-" and blank in both languages as "-/"}
Chiope
T Ru tsimbila ko hambana ka guezi in dane kati koti ta guezi (Conventional
current is an oppusite motion to the real flowing of electric charge through
electric conductor)
L Corrente convencional yi guezi 1 langana kumbe yo inguitsana (Conventional
current is curtent in agreement)
D: Students claimed they have no idea about the concept
LH Students claimed they know the meaning of the concept, but are only able to
respond orally ' o
o Othier responses {responses that are not stating common idea are indicated as

“#* 4 blank as "-" and blank in both languages as "-/")




TABLE 4.3.6: ANALYSIS OF QUESTION 10 (An electric circuif)

An electric circuit Portuguese [ Chope
| Personal information Ideas _Ideas |
Student | Gender |Age |C [P|O |IT|{N[DI|S [ O Comments
Gl M 32 * ¥ P-T
2 F 20| * # C-D
C3 F 24 |+ ~ e
4 M 23 | I* * P-T
C5 M 37 | * * C-D.
Cé M - ® ® O-T
| C7 M 19 | * * 1 C-D
C8 M 21 " - [ OUT
(& M 31| * . e
Cl10 - M 26 | ® * C-N
Ci1l M 25 | * * (o3
Ciz__|F 2 * 1 ¥ 00
1C13  |M |26 | * * C-T
Cl4 M 16 -/ -/ { OUT
Cl3 M 28 1 * * C-T
Cié M 16 |* * CN
Cl7 M 32 [* * C-N
Cl18 F_ 21 * * P-T
C19 M 27 - ¥ - "D |
Czo ]F ;__._ [ - 0_«_”
C21 M 21 | * 1 * 0-O
C22 M 21 | * * C-8 '
C23 M 21 ¥ ® 05
Cdsd M 21 * ~ _ [
C25 M 22 -f - | OUT
Cl6 F -~ -/ - | QUT
C27 M | 34 -f - | OUT
C28 M 28 -/ - |OUT |
TOTAL _ _ 123 |7 6)13|4]3[6 N=22
Code
Portuguese
C Blectric circuit is an agsociation OR connection of electric elements
m Eleciric circuit is a path of electric current
O Other responses (responses that are not stating common ideas are
indicated as "-", blank as "-" and blank in both languages as "-/")
Chope
T: Electric circuit ngu tsangana kumbe xu lunghalhathelana kasigoiso isa
uezt
fElecnic circuit is a association/ connection of electric elements)
N; Electric circuit ndzila ya guezi (an electric circuit is a path aimed they
know
the meaning of the concept, but are only able to respond orally
Q: Other responses (responses that are not stating common ideas are

indicated as *-", a biank as "-" and blank in both languages as "-/")



TABLE 4.3.7: ANALYSIS OF QUESTION 12 (Electric Current)

| Electric current Portuguese | Chope

Pexsonal information Ideas  [Ideas _

Student | Gender jAge [F (MIO |[I|N[D/ S 10O | Comments

Ci1 M 32 * * | O-N
C2 F 20 i I} ' M-N

C3 F 24 o L Q-1
C4 M 23 | *F * *E-D

C5 M 37 ™ 1 M-D

Co6 M == * . * | B-8

c7 M 15 | *F * | *F-N

o] M 21 * * O-N
(o] M 21 N T
C10 M 26 - I¥ <]
Cl1 M 25 [ * F-8 -
Ci2 3 32 ¥ - 0
Cl3 M 26 | ¥ IR JEL PN VLN
Cl4d M e | |- ¥ =0
Cls5 M 28 | * ¥ F-L _

C16 { M 16 * - M-"

C17 M 32 | # [ % _ F-1 F-N I-N
cig | F 21 ® * - M
C15 M 27 - * “"D
C20 F - * * 0-0
Cal ™ 21 7 J_|OUT

c22 M 21 [ ¥ F-S

C23 M 21 | ¥ - * F-S

C24 M 21 - | *F . - N

C25 M 122 * - M-

C26 F - -/ ' -/ _{OUT

C27 M 34 - -{_| OUT

C28 M 28 -/ -f ] OUT .
TOTAL 101519 |6]71314 |7 _ N=25

Code
' Portugiiese
A; An electrie current is 2 motion of electrons in one way/flowing of electrons

I

D:
S:

s

Students' responses are not completely correct

An electric current is a motion of electric charge

Other responses (responses that are not stating common ideas

are indicated as "*", a blank as "-" and blank in both languages as “-/

Chope

Electric current Insinga wa guezi (Blectric current is motion of electricity in
one way OR is current of electric charges in one way)

Electric current Ndilo wa guezi {an electtic current is electricity)

Students claimed they have no idea about the concept

Students claimed they know the meaning of the concept, but are only able to
respond orally

Other responses (responses that are not stating common ideas are indicated
as "#", a blank as "-" and blank in both languages as "-/™)




TABLE 4.3.8: ANALYSIS OF QUESTION 14 (Parallel electric circuit)

Parallel electric circuit Portuguese Chope_
Personal information | Ideas Ideas .
Student | Gender |Age |IRiD /O |D |S [O | Comments
CI M 132 * . D_u_i'i
C2 F 20 | — [oN)
C3 E 24 1 -/ { OUT '
C4 M 23 [* * R-D
C5 M 37 IR E O-D
Co6 M - * * | D-D
| C7 M 19 -/ -/ | OUT .
C8 M 21 ¥ SR
o M 2T [ - | R
Cl10 M 26 * * D-D
Cl1 M 25 * ¥ D-5
Ci12 [l 32 * % ____|bD
C13 M 26 | * * R-D
Cl4 M i6 * * D-D
C15 M 28 Ll 0-D
Cl6 M i6 * * D-D -
Cl17 M 32 - " - 0
Cl8 F 21 i * 0-0
C19 M 27 - | * o “ D
C20 I3 - -/ OUT
C21 M 21 I [ 0-D
| C22 M. 21 * * 0-3
C23 M 21 i * O-8
C24 M . 21 -/ - | OUT
C25 M 22 - -/ | OUT
C26 F - -/ -/ {OUT
| C27 M 34 . -/ -/_{ OUT
C28 M 28 -/ - {OUT _
TOTAL 306 |11 ]13]13 [4 N=20
Code
Portuguese
PEC is electric elements associated/connected in the electric circuit, where
all of them receive the same potential difference across their ends
B Students claimed they have no idea about the concept
O: Other responses {responses that are not stating common ideas are indicated
as "*#" a blank as "-" and blank in both languages as "-/)
Chope
D: Students claimed they have no idea about the coneept
R H Students ciaimed they know the meaning of the concept, but are only able to
respond orally _
O Other responses (responses that are not stating common ideas are indicated as

w41 a blank as "-" and blank in both languages as "+/")



TABLE 4.3.9: ANALYSIS OF QUESTION 16 (Potential difference

(pd))
Potential difference (pd) | Portuguese Chope
Personal information Idess Ideas
Student | Gender |Age | E{D| QO |G M |D| S| Q| Comments
Cl M 2 1* * —TOM
C2 F 20 {#* - w E-D
C3 F 24 * ¥ DD
C4 M 23 * * 0-D
C5 M 37 ¥ * E-D
Cé M - -/ -/ [OUT
Kerd M 19 7 -/ [O0T
c? M 121 ¥ _ - _ O]
C9 M 21 w - D
-C10 M 26 - -/ | OUT .
Cll M 25 1 *1 | * E-S
Ci2 F 32 * NF DD
Ci3 M 26 * * D-D
Cl4 M 16 -f -/ | QUT
C15 M 28 * * D-D
Cl6 M 16 | * * E-G
C17 M 32 | * * E-G
Cl8 F 21 | * " E-G
C19 M 27 * *1 _ 0-D
C20 F - ¥ . o |
C21 M 21 - - | OUT
C22 M 21 {* * E-8
23 M 21 | * * E-3 y
C24 M 21 * * _ D-D
C25 M 122 -/ -/ | QUT
26 P - ~f - | QUT
C27 M 34 B : - | OUT
C28 M 28 -/ - | OUT
TOTAL g8l61]5 371 }9}3]3 N=19
Code
Portuguese : .
B: Potential difference is the difference in energy between two points
D: Students claimed they do not have any idea about the concept
0O; Other responses (responses that are not stating common ideas are indicated
as “*”_a blank as "-" and blank in both languages as "-/")
Chope
G Potential difference Kukambana ka intamo wa guez (potential difference is
difference of electric force or force of electricity)
M: Potential difference Kuhambana ka metsimbilelo ya guezi {(potential
difference is difference of how the electricity or electric current is flowing)
D Students claimed they have no idea about the concept
5 Students claimed they know the meaning of the concept, but are cnly able
to respond orally
O: Other responses. (responses that are not stating common ideas are indicated

as “*, g blank as "-" and blank in both languages as "-/")



TABLE 4, 3.18: ANALYSIS OF QUESTION 17 (Source of
electromotive force (EMF))

Source of electrometive | Portuguese | Chope
force (EMF)
Personal information Ideas 4 _
Student | Gender [Age [G[D |O |T |b .S |0 | Comment
Cl M 2 ¥ * G-T
C2 E 20 ¥ * ' 0-D
Cc3 3 24 | * _ * G-D
C4 M 23 |* b G-T
C5 M 37 * ' * D-D
Cé M -~ -/ - | OUT
C? M 19 -/ -/ | OUT
C8 M 21 - -/ [ OUT
Co_ M 21 * * _ O-D
C10 M 26 _ -/ - _{ OUT
Cl1 M 25 | * _ ¥ 1 G-8 .
Ci2 . ¥ 132 * * 0-3
C13 __ °  _I26 [*] * G-T_| SPECI
C14 - L 16 - * B IC-II_D
Cis M 28 [* * GT |
Cl6 M 16 * - D-"-"
C17 M 32 _1* * G-s
Cig F 21 [* ¥ G-T
Ci9 M 27 _[* _ * G-3
| C20 F - | -/ - | NUT
C21 M 21 - * _ TS
22 M 21 * = o-"-"
23 M 21 * * 0-§
C24 M 21 * * {D-T _
{25 M 22 ¥ [ * O-T
C26 F - -f -/ |OUT |
C27 M 34 - -4 | OUT
C28 M 128 | -/ -/ _{ DUT
TOTAL |93 8 |7 1516 |2 N =20
Code
Portuguese _
G: EMF js a generator of electric current
D: Students claimed they have no idea about the concept
O; Other responses (responses that are not stating common ideas are indicated

as "*", blank as "-" and blank in both languages as "-/")

Chope

EMF tchissima/ndjisima tcha guezi kumbe ikadi yo bika indilo (EMF is the
well of electricity or electric current)

Strder ~ slaimed they have no idea about the concept

Students claimed they know the meaning of the concept, but are only able
to respond orally

Other responses (responses that are not stating commion ideas are indicated
as ‘", a blank as "-" and blank in both languages as “+/")

o vy o



TABLE 4.4.1: ANALYSIS OF QUESTION 2 (Voltmeter)

Voltmeter Portuguese | Chope
Personal information Ideas | Ideas ]
Student | Gender |Age |V (A|O | M| D| S| O| Comments
Cl M 32 * BE AM
C2 F 20 |[* * | V.0
[ C3 F 24_|* * V-M |
| C M 23 * * : AD
Ca M 37 | * A V-M )
Cé M i . i V-s
C7 M 19 [* i V-M
C8 M 21 * * AD
C9 M 21 [ * * V-D
C10 ‘M 26 | * R V-M
Cll M 25 [ * * V-5 B
C12 F 32 . HE e
Cl13 M 26 |* | * V-M
Cla M 16 _LX ull B . loD
Cl15 M 28 * o A-M
Clé M 16 * * Q-D
Ci7 M 32 [ * 1 * V-M
Ci8 F 21 i * . A-M
C19 M 27 (* 1 1 * V-
C20 F - * - A"
C21 M 21 [ * 2 VD
C22 M 21 * [ * A-S
C23 M 21 * | : ' Q-5
C24 M 21 | * | BRI N . .
C23 M 22 * - Q-
C26 F - * - A
C27 ‘M 34 G * | * V-5
C28 M 28 | * * V-0
TOTAL 151815 |9 ]7[517 N=28
Code
Portugu~e _
\'A Measures tension, voltage or poy itial difference (that are equivalent of
words "tensac”, voltagem and "¢ iferenca de potencial” respectively in
Portuguese)
A Measures current intensity
O Other responses (responses that are not stating common ideas are indicated
as "*"_ g blanl as "-" and blank in both languages as "-/)
Chope
M: Mutchini uo thepa intamo wa guezi (Apparatus used to measure electric force)
D Students clajmed they have no idea about the concept
S: Students claimed they know the meaning of the concept, but are only
able to respond orally
O: Other responses (responses that are not stating common idea are indicated as

|I*Il' ablank as hoi and ank in both ‘languages as Ii_-fl!



TABLE 4.4.2: ANALYSIS OF QUESTION 5 (Interrupter)

Interrupter Portuguese | Chope
Personal information _ Ideas Ideas
Student |Gender |Age |1 |B |O |[L DS } O | Commenis
Cl [M 32 * * B-L
C2 F 20 ® | oL
C3 3 24 R O-L
C4 M 23 * * B-L
C5 M 37 * * B-L
C6 M - * * B-L
c7 M 19 # 4 B-8
C8 M 21 * * B-1.,
9 M 21 * - | BH"
Cl0 M 26 b _ - { B
Cl1 M 25 * 1* B-L
Cl2 F |32 * * B-D
C13 M 26 | *® * - I.L
Ci4 M 16 * * B-L
Cl5 M 28 * ® B-D
Cls M 16 * - | Bt
C17 M 32 * * : | B-L
C18 P 21 | =% * BL
C19 M 27 * * 1-S
C20 F - - -/ e OUT
€l M 21 * - _ Q-1
cz22 | M 21 * * IS
C23 M 21 . * * B-L
| (74 M 21 * * B-D
C25 M 22 * * B-S
C26 F - + - B”ll“"
C27 M M # * B-§
C28 M 28 % - KRN
TOTAL 131213 13 (3 |56 =27
Code
Portuguese
I Interrupter is an instrument used to open or close electric circuit
B: Interrupter is an instrumnent used to switch bulbs on or off
O: Other responses (responses that are viot stating common ideas are indicated
as "*”, a blank as “." and blank in both langnages as "-/)
Chope
Jjimaha tchi tumelako ku laitha guezi/dilampada (is something used to switch
bulbs on or off )
bD: Students claimed they have no idea about the concept
S: Students claimed they know the meaning of the concept, but are only
able to respond orally
O Other responses (responses that are not stating common ideas are indicated

as *“*", a blank ag “-” and biank in both langnages as “-/)




TABLE 4.4.3: ANALYSIS OF QUESTION 15 (Metal wire)

| Metal wire Portuguese | Chope
Personal information Ideas Ideas
Student |Gender jAge |E {M{O |[W [G[D]|S | O] Comments
Cl M . 32 - ] [} u__n_w -"T;-G W—G
 C2 F 20 * * . 0-G
C3 F 24 * | * * O-W [0-G | WG
C4 M 23 * L # O-W
C5 M 37 ¥ * 0D
co M o N _ oy
| C7 M 19 | * S EW (E-G |WG
CS M 21 R - H K _5 _G
C9 M 21| ¥ * E-§ '
Cl10 M 26 FOpR _ O-W
Cl1 M 25 * o # B-8 .
Cl2 F 32 ¥ ] ® * E-W [EG |wWG
Cl13 M 26 # * _ E-W .
Cl4 M 116 - 1* _ HLG
Cl5 M 28 * A |BE-W |E-G | WG
Cl6 M 16 ® E-W |E-G W-G
Cl7 M 32 * E-W '
Cl18 F 21 # * _ M-W
Cl9 M 27 | * * O-D
C20 F -- * * ED_
C21 M 21 -/ ' - | QUT
C22 M 21 * * | E-D
C23 M 21 " * - ' _ C-D
C24 M 21 * - M- '
€25 M 22 * . M-'w
C2 FE - -/ -/ | OUT
C27 M 34 -/ -/ | OUT
C28 M 28 - </ | OUT
TOTAL 10 [3 11 (13 J9[S52 11 N=24
Code
Portuguese
E: Metal wire is an electric conductor
M: Metal wire is wire, rope
o Other responses (responses that are not stating common ideas are indicated as
", 2 blank as "-" and blank in both fanguages as "/}
Chope
W Maetal wire yi waiela/ngiti ya simbi kumbe didlocke da simbi(metal wire is
wire or *metal rope™)
G: Metal wire yl Walela ya guezi (Metal wire is an electric conductor)
D Students claimed they have no idea about the concept
S Students claimed they know the meaning of the concept, but are only able to
respond orally
O Other responses {responses that are not stating common ideas are indicated as

% o blank as " and blank in both languages as "-/"}




TABLE 4.4.4: ANALYSIS OF QUESTION 18 (A battery)

A battery Portuguese | Chops
Personal information Ideas | Ideas
Students | Gender [Age [A |[K |O(W{D [S {0 | Commenis
Cy M 32 |[* [ * * AW |K-WIA-E
C2 | F 20 [* | * * AS | K-8 1A-E
c3 F 24 ¥ _ * K-0
c4 M 23 * ] K-W
C5 M 37 | * * A-D
C6 M —-— - * i u_n_s g
| C7 M 19 * | * O-W
CB M 21 # - Q-
C9 M 121 | * - AT
Cl0 M 26 * " K-S
CII M 25 | * ¥ AS T
Ci2___ [F 2 | |* ¥ — KW
C13 M 26_|* ul A3
14 | M 16 _ -/ - |OUT |
Cls___|M 28 * ¥ K0 —
Clé M 16 ' ¥ - Q-9-"
CL7 M 32_[* ¥ AW | |
18 F 21 [* [ * " A-S K-8 | F-X
Cl9 M 27 * * K-W
c20 E -= -/ _|ouTr | _
T2l M 21| - 2 I e
C22 M 21 |[* [* * AS [KS |F-X
C23 M 21 | * " A8 -
C24 M 21 * * K-D ]
C25 M 22 * - T
C26 ) F — F3 - . O‘H“”
C27 M 34 OUT
C28 M 28 _ OuUT
TOTAL 10111 [7]6 [2 18 [8 N=24
Code
Portuguese
Al A battery is an apparatus that is able to supply enerpy (electricity); electric
force; it is an (electric)? accummlator
K T know what a battery is, but { do oot know how to explain my understanding

(knowledge); a battery i= a capagitor, a cell, an apparatus used in cars or is
a electric patticle with . in electric capacity

O: Other responses (responses thai are not stating common ideas are indicated as
“#" ablank as "-" and blank in both languagr ; as "-/')
Chope
wi Nibattery difeko da guez: (A battery is an acoumulator, is “warehouse”
of electricity or eleciric current)
D Students claimed they hava no idea about the concept
8 Students claimed they know the meaning of the convept, but are only able
to respond oraily
O: Other responses (responses that are not stating common ideas are indieated as

*#" q blank as "-" and blank in both languages as "-/")
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