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ABSTRACT

Students have a tendency to skip steps in reasoning and miss
facts when drawing conclusions during problem solving. Seeing
that this poses a problem, it was thought that vocalizing think-
ing, using the method of pair problem-solving, would help ensure
ﬁhat students do not make these mistakes, but rather improve

their ability of solving problems systematically.

The basic problem which the researcher addressed was:

To what extent will the pair problem-solving method improve the
students’ ability in solving physical science problems?

The people involved in the research were :

i) Matric pupils from the secondary schools in Osizweni

ii) Teachers of the schools involved

The interviews were done during one period per week for six
weeks. At first pupils were given a pre-test and at the end of
the interviews were given a post test. The two tests designed to
be equivaléht and the questions given to the experimental groups
were the same as those given to the control group. Interviews
carried out were tape recorded and also written down. The inter-
views and the tests scores were analyzed in order to determine
to what extent the problem-solving skills of students improved

as a result of the experiment.

The results found showed that there is great improvement in the
ability to solve problems with experimental groups and insigni-

ficant improvement with the control group. The statistical

@M



analysis showed that the improvement was great at at least 0,01
level of significance. There is also evidence of students solving
problems systematically after they have done these interviews,
and that there are other significant differences between the be-

havior of good and bad problem solvers.

The implications of these results for classroom teachers is that
the think-aloud pair problem-solving method does improve the

ability of students in solving physical science problems.
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ORIENTATION ARND OVERVIEW OF

INTRODUCTION

During the summer of 1986 the researcher, & participant in &

thresz week institute, Problem Sclving in Mathematics and

it}

Science, at the University cof Massachusetts in Ambherst (U5A)

was introduced to a process of thinking sioud for teaching,

& process that 1is used with students ‘experiencing
difficulty in fMathematics at the colliege level. College
students were breought in and interviewsd by participants,
in&iuding the reszarcher. The interviewg done were
video—taped. Thess were analysed in order to see whsther
the mistakes students made were systematic or were
characteristic of the individuals. The resulis showed that
. 1 .
the wvideo taping helps cstudentse to analvse their probliem

rt

solving abilitiss and thus improve them.

The experience the researcher acquired from participation

bt

in this program was that of being able to communicate one's
thoughts 1in 5 step-by-step procsss. The researcher
realised that z person can tell ths next person exactly

what he/she is thinking, while sciving a particular



problem. It is gifficult at first but, as the method is
oracticed., one gets used to the idea and gains <skill in

doing so.

This also iteaches a person some listening skills. It is a
difficult exercicse to sit down and listen to anybody
tglking without interfering with their train of thought,
mare so when the one who is talking is trying to solve a
particular problem. Fair problem sclving helps one develop

the skill of pa
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ening to the next person and

3

promogting them only to help thes continue. fhe listener

'[.l

has, therefore, to give full concentration while honouring

the problem sclver’' = autonomy.
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ed at the Amherst institute, is
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designed for p=

r= of studenis working as problem solvers
and listeners. The problem solver is encouraged to explain
and clarify every idea and the reasoning in a step-by-step

problem seclving process leading to the solution cof the
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-Havinmg taughit Fhysical Science fTor four years

because th

probiem, whether the soluticn is correct or not. The

!

listener’'s raole is defined z< that of a prompter who shouwld
ask probinag questions. The listener 1s specifically
instructed not to contribute hints or suggestions and never
volunteer assistance, but should always encourage the
problem sclver toc think aloud. The two roles are clearly

complementary, with that of ithe listener being to support

the problem sciver.

THE PROEBLEM

n standard

"8

nine and ten, the researcher thought the process of  pair

problem solvimg would be useful
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y have & tendency to skip stepe in their

olving methods which makes them Jjump to

L

problem
conclusions.. it seems that they are not aware of how they

think and proceed. EBoth wverbalising and listening may

create the awareness to make the process explicit and

improvable. Some  areas of difficulty, encountered by

puplls when sciving FPhysical Science pirohlems, are  to  do

with fractions and proportions. eeing that these pose a

wn

problem, it is thought that vecalising, that is  thinking

slovwd while solving a problem, would ensure that pupils

ol

ither skip steps in their reasoning nor miss facts when

2
i

drawing conclusions, but sclve problems in & systematic

way ., Wwriting every step down.



Feople in general tend to jump to corclusicns whenever they

are faced with problems. This deprives them of & logical
way of reviewing their thoughts step-by-step. These
victims not cnly include peogle in gerneral, but alsc

gréduateg ot the existimg <school system and  pupils  at
scheols. To the researcher, it becamse necessary to tackle
this field with the aim of trying to improve problém
solving methods in schools specifically and in society in

generxl.

The method of pair problem

]

oclving may enable onge not  to

skip steps by

The researcher
therefore thought this should be tried in Fhysical Science

‘classes, Fhere are not many changes that are neesded in

using this  meithod. What 1is neesded is & convenient

arrangement of desks in a classroom, giving pupils clear

FPracticing the sciving of
improve the ability of standard ten pupils to solve

physical =science problems.

1.2.2 Mull hypothes

=
Fracticing the sclving of probiems in pairs will mot

improve the asbility of ctandard
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e pupiis to solve

i

Fhveical



1.3 PFUPILS’ ATTITUDES TOWARDS SCIENCE

The pupil brings to the alrezady complex environment of the
classroom <=a much 1n térme of pricr experiences and
preconceived notions that it is diificult to functionally
differentiate between social influence and perscnal choice

{Mason and Kahle, 1985:35).

Many pupile are prepared to learn and be taught. Gne of
the factdrs“wﬁich discourages them 1is the way they are
tanght and the conditions undsr wihrich they lsarn. In EBlack
schools there is often no scisnce apparatus  and teachers
have learnsd few skills for improvising ;:ience materizls.

It follows that the ususl way of iteaching scisnce  is by

rt

=ach

[H
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r talk and reading from the textbook, etc. This

]
pupils’ lives, In such = Eitu:tiﬁn\there is hardly zny
pupil participation, and this makss  them dislikes the

subject, especially as they Tfear fai

-

he teacher haz been .shown it bes a powsrful factor in
affecting pupils’ attitudes. TYThe pair problem solving

program  pursused by this study seeks to encourage teachers

to use that power meaningfully, by providing a stimulating

(]

e

b

roning environment for their pupils in such & way as  to
counteract csome of the above-mentioned cshortcomings. The
pair problem solving process offers both  members of tfhe
pair important and active roid

=
=

n

in an interactive learnming

situlation.



SCHOOL CHARACTERISTICS:

"There are three hiagh schocls involved in the development of

the study presented here. In choosing the schools Tor this

it

study a number of factors were considered. Some were the
praximity of these schools, and the fact that they have
much in common and that they differ in character from each

cather. Arnother factor wss that they are s11 Black schools
which made it convenient for the researcher. All these
schools are in Kwa—Zulu in the asrea of Osizweni. A11 high
schools in  the area are community schoolis, almost all of

which are characterised by:

L4
(1i) wvery little science apparatus

“(iii) large pupil—teacher ratioc {personal

Hperience has shown this to vary from 3I0:1
- toe 100:1, the majarity being nesrer to
100:1),
» {iv) broken windows and doors and
T {v}) & high percentage of teachers whc do not

possess teachers’ certificates.

This kind of schocl setting makes & chiild develop a

negative attitude itowards learning, especially towards
subjects like Fhycsical Science, which a&are perceived as
difficult. It 1s thought that certain kinds of strategies
or skills shguld be developed in pupils i order to help
them cope with the subject. Fair problem sclving is one

process skill which seems suitable for erabling pupils to

-

il

solve Fhysical Science protlems. Its suitability lies in
the encourageme to aCtin 5 i
ouragement te become  active  ard systematic in

Wworking with proclems.
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FUFILS® CHARACTERISTICS

'

Froblem

requires background

situation in Black schoolcs

(i)

is Erglish,

with others they speak Z

the natural  way of con

have to use a language i
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concepts is

rote learning
exposuwre toc Fhysical
curriculum materials,
by_roie. Teachsrs
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when writing tests.

pupils and withdraw

skill reguired by pupils. It

arnd conceptual knowledge. The

suchi that pupils have:

medium of instruction

wome and when they interact

uiu. For these pupils, while

ceptualising is in Zulu, they

n which they find it difficult
Hence understanding of csome
dence. Because of a lack of

to other
encouraged to learn

facts and formulae

them during examinations and

here 1is virtu?fly no pupil

participation and no dialectical relationship between
a pupil and his/hEF subjiect. As with working in &
second  language as  the medium of instruction, this
resulits in  poor conceptual understanding and  many

pupil misconceptions.
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i1t is thought that the above factors, which contribute to
the pupils’ poor canceptual understanding, can be
counteracted by using pair problem sclving. Fair problem
solving, by requiring pupile toc express their thinmking
process aloud to each other, stould enable them to solve
problems systematically, step-by-stesp in writing, clarify
their own misconceptions, cevelon their ability to use
language in their use and learning of concepts, and to

understamd concepts written in that particular language.

IMFLEMENTATION

t & practical level, .certain procedures are already known
for making pair problem solving == effective as possible.

listener sit side by side, interaction

[

o

When the so g

i}

ver

1
between them is limited and mors attenticon is  focused on
the problem to be solved. &N allowance of about ten

o

mihufes tc achieve this arrangement of desks and for
distributicn of papers by the observers EhDQId be made.
The Dbservgrs bbservé gach pair within the clacssroom as the
problem sélving program is i pr . and monitor
iﬁdividuai parti;ipatian. ffter three weeke of problem

sglving, pairs are changed, so that upils learn to

communicate and/or interact with octher classmates.

Sirnce the original materials were desiored for ctudents in
" . -
American  Colleges, they needed come adaptation and  some

additions.



Seme oF the appendices therefore consist of materials used
by the researcher in adapting the problem—sclving process
to the high school level. These materials include hand-couts

-~

designed for use by the pugils, specifically identifving
each person’'s role in the problem solving process,  along
with hints as how Gest toc perform in each role. &lso
included are the pre—test and pogt—test, written by
pupils, that is, by both sxperimental and controcl groups.
There is, in addition, a s=set of preblems which the
recearcher has found effective for uses in implementation of

the problem sclving process for matri
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CHAFTER 2
IMFORTANT ASFECTS OF SCIENCE LEARNING

INTRODUCTION

Knowledge, skills and understanding are important elements
of science learning, but it is in problem solving that the
cﬁild synthesises these componente in  order to  answer &
question, make .a decision or achieve a geal (Reif in Gil-
Ferez 1989:27). .The following is a critical discussion of

aspects of science learning and their relation to problem

solving.

METACOGNITION

ietacognition is the word which refers to what one knows or

one contirols

m
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and ° adjusts one’'s behaviour. It is how a person develops

‘knowiedge abput ‘hie own thinking and the  thinking of

others. The development of metacognition reguires children

.to observe and reflect on what they know and what they do

not know. This process is greatly enhanced when a person

verbalises his own thinking

o

S in pgir—problem solving,
listens actively to others, and reads attentively. & person
in this case develops the skill of self-interrogation and
self-regulation. The basic skills of metacognition

include:

1



(1) Fredicting the conseguences of an action,
{ii) Checking the result of one’'s own actions.
{(iii) Monitoring one’'s ongolng activity.

(1iv) Reality testing.

ic characteristice of efficient

n

These skills are the ba
thought. The teacher becomes a2 mediator of cognitive skills
and general probiem sclving bkehaviour by encouraging meta
ceognitive behaviour 1in the learner and by bridgihg within

subjects-through the transfer of knowledge to réal life
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situations. The teacher uses the different teaching tech-
nigques avzilable to enhance analytical thinking.creative ar

lateral thinking, assimilatiocn and accommodatior: of new
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and real understanding.

I the learner reads attentively like in pzir-problem solv—
ing ne/she starts asking herself/himself gquestions like

"Do I understand the question or the problem?"

Teachers can do several things to h

m
pad
T

students develop
metacognitive awareness: ask why and what, point out
various aspects of problem solving that affect performance
such as time, information given etc.: demonstrate how they
can make decisions. Fair—-problem solving gives people a
chance cof thinking aloud and it enhances their metacogri-—

tive ckills,

11



+J
]

students’ metacognitive strategies by

WRITING TO LEARN SCIENCE

While pair problem salving is a step in the procesé of
helping pupils to hecome successful independent problem
solvers, writing becomes the next step in this development.
Teachers can design writing activities fYor children, to
help them develop critical thinking skills and also help

them think about their own writing. Teachers can develop

s

sking questions

1

EE 3

[l

about their work, guestion

[}

What problems are you trying to solve?
How did you go about doing that?
This makes stucents think about ways in which to expand

and refine their ideas in written form. Ths metacognitive

“h

sKills of re lection, careful reading, and paraphrasing to
oneself can be developed in private or on paper, as well
as in public in pair problem sclving. Students should

record on  paper every thought and every step towards a

solution.

T

eachers should not be concerned with students’
grammar , sentence construction or corganisation. I¥ teachers
want the pupils to concentrate on their problem solving as

process they should not be concerned with grading pupilils

a

on the correctness of their soluticns. Instead, trey should

make written questions and comments adgressing th

i

process,

such as:

12
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the

Can youw  find the step you skipped? Wha

urtit of heat in this protlem® or This

clearer if you drew & diagram .

[

happened to the

problem might BGe

The teachers should aiso encourage students to write

down their thoughts whensver they feel Trustrated by

a problem even during an examination.
that writing helps pupils make the

the language of symbol to the language of words.

transition

It is hoped

from

It

lic, mathematiczl

daily speech and

thought. It i1s anticipated that writing with respect
to problem solving would result in the following
benefits for pupils: -

They  start to recognise the csisps in problem sealving

that they often skip over.

They begin to valuese the importance of working

systematically.

They begin to distinguish betwesn what they know and

they need to learn.

It alerts the students to logiczl errore

process of thimking aloud and writing
crized, nelp lay a Youndation of rejlective

critical thinking, nesded Tor oroclem comi

problems

what

pro-

ot
(o
a
m
1l

whiich



INTEGRATING SCIENCE PROCESS SKILLS INTO THE REGULAR

CURRICULUM:

The develcpment of problem soivimg skills should not ke
seen as completely separate from other process skills. In
the wider contex* other science process skills can also  be
integqrated into the curriculum. Problem sciving theory in-
volves & series of steps from oroblem to solution. Critical

s IR S
LEDsS ,,0UT 17

o

thinking encompasses

i
i
M
Iy

iso goes bevyond

)
0

procedural thinking and cannot be reduced to a Tormula or
list of steps to follow because it is alsc generative and
creative. Critical thinking occocurs when both the skills and
disposition are integrated into and ultimately become

intrimnsic to the character of = person.

[

t i=s knowing not only how, but when to guestion something

L =
rk
[

nd knowing what kinds of ogusstions to ask. A critical

i}

spirit iz an attitude tewards inguiry; & knowledge of the
methods of reasoning and imguiry., and skiil in applying

-

them (Carnhieth in Walsh and Paul {(undzted pg ).

Cornbleth as ﬁuated by Walseh and Faul, further say

n

"Critical thinking is a dynamiz process of questioning and

5

reasoning, of raising and pursuing guesticns about our own

or other claims and conclusions, definitiors and evidence.

nd

ETS

[SH

el

o

a actions”. While critical thinkirag is not neces-—
sarily synonymous with &1l thought processes pevond MEMOKy
~ ’ - ,

or problem solving, Ot decicion making, or the scientific

method, or  reasoning: criticzsl thirking skills

vsed fair

mindedly, underly cverlap andg cocmplement these processes
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READING AND CRITICAL THINKING

One of the most critical stages of preoblem solving is to

understand and represent both what is required by the

problem and the reisvant given information.

It Afolliows that toc be enlichiened and to be able to solve

]

roblems ons nesds to be able to read criticall or think
P Y

critically while reading. This has two important conse-—
quences. T1he Tirst, which has been dealt with in the pre-—

vigus section  is that criticzl thinking must be developed

1n
I

{
r+
o p

fi

along with problem solving. The second is t the way
problems  are <sest in tests and exercises should be such,

that the pupils do not have toc struggle unnecessarily with

the reading.

ive should be to

[

When giving problems to pupile, the obiec

test science rather than reading. In tests a teacher

Jond

should use simple words and clearly stated concepts. Sen-—

tences should be short with familiar words.

Rakow and Steven (1%27:30) maintain that, teachers who use

& checklist (like th= one in Aopendiwx ((viii) p 108) to ex-

-

amine their own test  items and those provided by test

[ —

writers, Can minimize the rezding difficulties that may be

Y + = . - o .
v ostucent’s  ability to demcnstrate
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H oard Fauwl} develops this point and linke

it}

Cormbletin (in Wasl
it with both critical thinking and conceptual wunderstand-
ing. "With better readability, cscience tests will be-

come more valid as measures of science literacy. Think-—-

ing critically while reading moves us from "knowledge" to
‘khowing, from being "informed" toc being "enlightened”.
It is thus true that developing problem sclving

skills without an adeguate conceptual understanding is
rnot enough to develop problem solving to 1ts  fullest

4.1t

extent”. In guestioning the traditicnal reliance of schocls

on & one right answer model o

in large part "conceptual®. Sy_ asking' and discussing
guestions which encourage critical thinking, the student
develops a deeper understanding of the concept and will
begiq_ to gain more and more ski

The acquisition of knowledge, & clilear understanding of it

1]

and the skill +to use it can be described as person’s

knowledge bacse.

COMMENTS ABOUT THE KNOWLEDGE BASE

Zroblem . . _ 3 .
roolem solving in a science,such &S physics cannot
. = YS1CS5, i oe

achisved without a Considers

o

le amount of knowledas, The

I aTaln —
nowledge base  for any  particular comain (sirh
- =u

o
m

mechanics i i =13
anice is the specialised knowledge reqguired Tor sol

e

16



ing problems in this domain . The knowledge base should
have characteristics which facilitate the performance of
specified kinds of tasks by specitied kinds of person. If
the knowledge base is to be functionally useful, it must be
well adapted to the intended tasks to perform them.

The knowledge base should have the Tollicwing characterist-

ics:

1) It ehowld specify the entities of interest in
the 'domain, the concept usseful for their descrip£ion,
and the principles relating such concepts.:

ii) Conqepts or principles should bes sccompanied by
exvplicit knowledge and sxplicit pfgcsdurez specifying
when the concept or principle should be used.

. 1

iiij It - should ke organisec in such a way that it can be

'Easfly remembered and that the information in it can
- fbe selectively retrieved {so as  io facilitate the

.
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decisions nesded

A <cstudy conductsed by

Camacho and Good (1%98%9:265) had some
important implicaticne Tor the enowisdge base. The purpose

of the study was to observe how protlem solving performance

[

is affected by conceptual knowledge of relizted chemistry

concepts, principles and relzied methematiczal skills. The

technique used was the think zsloud method zdapted from the

book by Whimbey and Lochhezg (152Z). The results found

from this study cshowed that the lzc- of mathematical skille



was a hindrance for problem soclving success. The unsuc-

cessful subjects also showed 1inability in translating
Ernglish language into chemical symbclic language; lacked
needed basic knowledge; frequently invoked formulae; and

had many guessing behaviours.

There are some probable errors which the teachsr may en-
counter with students whco are unable to solve problems.

Some of these ar

I

rnot easy to discover and are not  easily

detectable. The concept scceleration is likely to be
confused with the different and less precisely defined con-
cept acceleration used in daily life because both of these

concepts are denoted by the same word. Students also com—

FRy .
[1

mon 1l conftuse 2 concepis velocity and accelsraticn be-—
P

-

cause both of them describe motion, although difierent fea—

tures of the motion.

The. following points can hel

T

toe predict many of the errcrs

commonly. committed by the students if one cxamines the

-
-

demands imposed by the procedures specifying the ccncept
and takimg into account the student ' = pre-existing

krnowledge. These are:

& confusion with other concepts dencted b
symbol (including confusion with termine

everyday life.)

* A .
Confusiocn with pther concepts descriting differen

featurzs of the same situetion.

by a similar

logy used in



X Error in applicebility concitions in specification

of values, example missinge Gr wrong elements.

X Error in specification of independent variables lead-

ing to ambiguities and confusion.

¥ Etrror in specifying procedure.

The implications of these errorse zand the confusions are
that teachers should bB&e aware of the Tact that the most
common method of teaching preblem soliving in physice or
other sciences relies predominantly on providing students

ice ir

-+

uticns and with prac

Jand
"

with examples of problem sc

solving related problems.

788:70

-~
[

Ridgeway

oo

maintains that tearhers should consider

students’ misconceptions because "students’ misconcepticns

]

are qften S0 well established that unless teachers identify
and tofrect-them before instruction and experimentation
begirr, the misconception can prove impossible to dislodge”.
This suggests that teachsrs would do well to check Etu;

dents’ perceptions periodically, perhaps by requiring
sketches to accompany scluticns  to homework or  tect
problems. Misconceptions are  "sign postse"  that direct

teachers and students toward problem areas, which they can
then confront directily. They can be used as instructional

aids. When a teacher presents = misconception that is

troublesome for student

\n

» Sheshe forces them to test their

i

conception against paradoy zod saainst their commonsence,

Fhey are usually discovered when students have the oppor-—
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tunity to present them to an attentive teacher, and the
pair-problem <solving classroom is an environment well

suited for such dialogue.

Ey listening to students who are actively engaged in con-—
ceptual problem solving, the teacher can find instructional

material for years to come.

THE ROLE OF LANGUAGE IN SCIENCE LEARNING FOR MATRICULANTS

IN KWA-ZULU SCHOOLS

The situation in the schoois. i which the research was

done, is such that pupils have a language problem, beEcause

d

the medium of instruction is English, whereas at home and
when they interact with others they speak Zulua. It is

therefore nececssary to look at the role cof language in

science learning .

2.7.1 ENGLISH A5 A& MEDIUM OF INSTRUCTION

"Early Christian Missionary

Teachers who worked among the
indigencous people in  South Africa were mainly Englicsh

soeakers and therefore could not out use their language in

heir schools. Education a5 understood by these early

ull

gachere meant krnowing aend accepting things and ideas

belonging to. the western worid or interporeting and evaluat-—

20



ing things and ideas belonging to Africa fraom a western
perspective. To achieve all these things the m&ain language
of instruction and westernization generally had to be

English.

2 FROEBLEMS OF USING ENGLISH A5 A& MEDIUM OF INSTRUCTION

Not all teachers are sufficiently articulate in English to
be able to use it a5 a medium of instruction. The situation

in schools is such that all subjects have to be taughti in

Englicsh vet the teachers themselves are not familiar with
the language. The result is that there is little communica-

tion bstween the pupils and the teachers. The environment
in which the children live is not supportive of English as
a medium of instruction. HMany pupil; are not at home with
Englicsh. wherefthey live, they speak Zulu, Xhosa, Sotho
etc. with parents, peers and with =11 Dther.people. At
=chool they alsoc speak Zulu, Xhosa, Sotho etc. with their
teachers. The only time the
pupils speak English is when & teacher asks a question
during & lesson and they have to answer. This creates a
problem because these children have ito try and understand
what they are being taucht and what they read from their
books which are writtén in English. The problem begins
when the child has tc understand Engliish and writes in

Ernglish. The researcher and her collezgues

n

t school tried
to minimlize the language probliem by forcimg a1l pupils to

speak  Englicsh whenever they were inside . the school

21



premises. The prefects were there to see to it that every
pupil at school spoke English. #An appeal was also made to
teachers to encourage and motivate pupils to.speak Ernglish.
This was found *to be helpful in that the pupils got used to

speaking English among themselves and with teachers.

I LANGU&ABE ACRESS THE CURRICULUM:

Lawrence Stenhouse (1985:37) describsse & curriculum as "the
means by which the experience of attempiing to put an

educationzal proposal into practice is made publicly avail-

able. It inveolves both content and method, and in 1its

plementation in the institutions of - the educational
svystem". Language across the curricolum is the teacher’s
1

regular concern with an active attention to the forms,

meanings and sounds of learning. Such concern sxtends  to

-
-

the teacher = responsibility to ensure that learners under-—
stand and see effectively and appropriately the specific
forms, meanings and sounds of the language of the subiects

taught, to enable the use of the language beyond the class-—

room, in informal soccisl contexts.

High fTailure rates in standard 10, particularly, point to

1

the lack of adeguate preparation of matriculants Such

' .

inadequacy is often rooted in language incompetence, the

n

ause of which cannot ke found in the English subject

classroom alone, but across the curriculum in every subject



taught throuagh English as a medium. Although particular
references have not been found to support this contention,

extencsive persanal experience and observation of learning

and teaching situations support this view.

Communication presupposes, primarily the use aof a common

language or code. There is thus & greater concern about
language, for 1if curriculum is & form of co ommuriication, it
must he articulated in language use. Language across the

curriculum can hardly begin tc work in a teacher—dominated
classroém, where there is nc opportunity  for in-—
dividualisatior and group work. These two approaches have
== ome of their objecits the exploration ang negotiation of

meanings in the langusge.

4 LANGUAGE AND SCCIETY:

A& study of language totally without re

[

erence to its soccia

"|1

-

context inevitably leads +to omissicon of some of the aore

comptex and

I
n
MR
-
3
[in}
af}
mn
n
m
[l
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i
)

language and to the loss

-

of opportunities for further theoretical progress. Hitﬁ

EBlack children the lanouaa

m

of communication at home is

different from the language of instruction at school. To

these children a second language is & definiite handicap and
1]

it has a permanent negative eifect on intellectual develop-—

ment hbecause there’'s a directi relationship between language

ompetence and formal education. They often must think in
orne language and speak in another with the result that they

become mentally u xim and
= Y angrtdlu arnd confused. Language, there-—

£ = i v & i .
fore, varies not only according b the socizl characteris-—

1.. - L-
ics of the spezker, bit alsc according to the social con—

text in which he/she finmds him/herceslf.



~ 7.5 LANGUAGE IN PAIR-FROBLEM SOLVING:

Low 4 e

wher children are solving problems they often have language

problems. These children have Lo read the problem which is

writtern in English arnd try toc understand it. Thereaftter
they have to answer the question in Ernglish. Whesnever they

are thinking aloud they have to do so in English. So

J
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il
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n

English does, D

oroblem solver, because the children 1in school are taught
in English and Zulu yet they speak Zulu at home and, with
their teacher and their classmaies. This makes it dif-—

ficult for children to interact with anyone 1in English.

- 2 — e N R o L
Fair—problem soclving gives = chance of practising Enalish
In pair—-problem sclving the uvse of English tend=s  to  im—

orove the children’s competence .in the language but the
CDFFECEHESS'Gf the English used is not emphasised in order

to avoid destroyving the children’'s confidence.

Th? ,fesearcher af(one stage did a project with standard g
pupile which involved & similar use of language to that in
pair problem solving. She tocsk them for two periods a week
for onz month and taught them the concept of heat. Fupils

G

Q
m

i

n

were to improvise ma 1 & ] t i i
pr materiale t© ed for sxperimentation.

1

. —_—
rupile were also encouraged t

1n
h=
mn
m
-

English among tem—
selves throughout the period. It was found that students

L P '
understood the concept of heat better when using i
ELLEe = im—

F"l ovieed ma I_:'_l lals a = - J =3 - s =0
Ild mos L] "'11 (ISR EI'DllSh Llc"(ge im

proved. The use of wo ] !
ords like hot, femperature, heat etc.

became better 5 ; i
teir because they now had 2 beiter tinderstanding

Q
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tlf‘- ”'E(:‘lllllg D‘ 'lE‘ WOt dc_ ac e (’ ! ey hce o anliln
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metwesn them. THhis cshowsd that encouraging pupils to spe&ak

English among themselves while working on & Ccommon meaning-

ful task imcreases both the ievel of understanding of some

concepts and the ability tc use English.

SUMMARY

This chapter has dealt basiczlly with some aspects of

science learning. These are analysed as follows.

flets it 1= = ntroclia = ] i

H_tﬂcogn;mlon i=s & contrelling process which provides a
ramework in terms of thought and awareness. Failr
problem solving accompanied by appropriate writing develops

metacognition in relation to prablem sclving.

o

— . . _ . . ) - - ) - )
Critical thinking is s underliying and overlapping process
whi;h 1s essential for, top class probliem solving by linking

.ing while read-

N
1
n
n
n
nr
b
-t
[
1n
)
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H
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™
M
&1
i
i
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’-l
__I
hatl
=

it to. other nproc
ing is needea for the sclution of problems because of  the

need to understand the problem clearly.

An adeqguate knowliedge base which includes f

i+

cte, concepts

and prinmciples, is & prerequisite for good problem 501viné

It is, howeve i st i P i
. wever, in part built up by solving problems.

>

T = Frnlish as i
ke use of English as a medium of instruction poses some

r

langu=sges problems

ecause it

o

c
=

it

foreign language to the
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teachers and

pair problem solving seems to lie

framework within wh

salving &ability

practising Englisth

A CLOSING THOUGHT

in concluding this
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ON CHILDREN’'S LEARNING
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CHAFTER =

AFFROACHING FROBLEM SOLVING

Z.1 THEORY ON PROBLEM SOLVING

Folya in Gil-Ferez (19F0:13%) argues that "solving a
problem consists of finding & way which was not previously
known, finding & way out of & difficult situation, to get
round an obstacle, to reach an aim which can not be im-
mediately treached by adeguate meancs". The original
development of the program of psir problem—solving was
based only on careful observation of student problem-—
solving behaviourr and on & long period of trial and etrror
in the hSé. This program acts as an &1 to curriculum
development rather than 2= =2 barrier to edperimentation.

Education, like esngineering, neesds to

-

emain an empirically

based science in which the advice of theorists is treated

u R

with scepticism. Whimbey and Lochhead (1982) argue that
the ability to ahalyae complex msterial and solve prdblems

is & skill just like any other skill such as the ability

to play chess or the akility +to drive an automobile.
H6WE§EF, there is & peculiar difficulty involved in teach-
ing analytical skiil. Generally there are two phases to
teaching a Skill. First the =kill ic demonstrated to the
student. He is then guided and corrected as he practices
it. Analysihg complex material is an activity which is
generally done inside one’'s head. Thic makes it somewhat
difficult for =& tgacher to teach and for a learner to
learn. In other words, z becinner cannot cobserve how an =3

pert thinks and sclves problems. 0On the other hand an ex—

pert has trouble in demonstrating his techrnique to a begin-
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3

2

ning student. There is one way to reduce this difficulty,
that 1 +to have people thinmk alowud while they solve
nroblems. If both studentse and sxperts vocalise their
thoughte a&as they work threough caomplex ideas and relation-

ships, the steps that they take can be cpen to view.

The eventual ocbiective of pair problem—-sclving is to get
each student to be at &all times both & listener and a
problem solver. Thus when working on a oroblem the student
should be able to listen to himself think, Tfollow a chain
of reasoning, and recognise some ervors., Whern listening
to a teacher, & student shoulid act a= a2 problem solver,

thinking along with the teacher,

e
[
-l
-l
-
oot

izzling out the issues

and organising the materiais. Sne

C -

[l

an conceptualise  this
objective &= the development of = self—carrécting feedback

loop in which students can observe and modify their own
1

- cognitive behaviour (Whimbey and Lochhesad, 1932) '

DEFINITIDN OF A FPROBLEM AND ITS ROLE

-

3.2.1 DEFINITION OF & PROELEM

f:"A problem is a situaticn presenting difficulties for
which no o©bvious seclution exist” (Folya,in Gil—Peréz
1990:138).ij When children are faced with providing a
SDIQtiQn to & task they have not yet mastered, the& a;e

solving & problem (Reif in Gi-l-Ferex 1990:138). [ Krulik

and Rudnick’'s definition (in Sil-~ Ferez 1790:139) indi—

cates consensus, "A problem is

n
n
-
r+
[
n
r
=
Q
3

elither quan-—

titative or nct, which demands

m
n
Q
i

dticn,  to get round

an obstacle, to reach an aim which czarnot be immediately

reached by adequate means.”

2R



I.2.2 THE ROLE GF & FROELEN

6 well-formulated problem mot cnly defines the range of
rermiszible solutions, but =also suggests the manner in

which cone pursues an i1nguiry. It often seems that the

more clearly one formulates = problem, the more definite
are the metheods for solving that problem. "Any problem
ig formulated in terms of concepts embedded within a

general conceptual system. Thi is true no matter. how

n

my
il
)
3
]
or
e
M
=
|...I
o

more or less clearliy t Tormulated; oW more
or less develcped is the general conceptusal system ana
theories. This system — by siating what socrts of things
exist, what sort of properties.and relations they may
have, and how ail this ié related to what we observe -

ng

reasonablie

=]
L
"
n
n
r
m
i

‘will aleo 1

e

methods for solv
problems that arise. Obviocusly, the more explicit fhe
cohceptual system, the clesarer can be the statement of
the problem " {(Freundlich, 1??8?20). Suppcse a student is
requested to discover chaft:ierizticg of a force between
electrically charged bodies. This particular student has
no clear conception of what force is. Hes then flounders

and finds it difficult to sclve the problem for he deoes

not know what he is locking for.
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~andom or inappropriate problem—sciving indicates an  un-—
developed conceptual system . This again shows that " the
problem may point up the inadequacy of & conceptual sys-—

tem, faorcing itse replacement by a new S

<

stem which may
solve the problem. Thus & problem is & means of bringing
about conceptual change” {Freundlich, 1978:20}. The
problem itcself indicates reasonable methods for cbtaining
solutions. I+ 1is alsc important_to notse that & problem
makes vague concepits more precice. The roles of a
problem discussed above have some implications Tor class-—

rFooms .

i} A teacher needs to formulate problems within the
students” conceptuzsl svystems but problems should

show up the inadeguacizss of those systems so as

T
]

to bring about conceptual changes within students.

(11) A teacher should precsent problems which allow him
to test for conceptual change in the sfudent by
viewihg the student’'s problem—-soclving procedures,
that is, the kinds cof guestions the student asks

)

himselt and the informaticn he takes to be

’

relevant in solving the probklem.
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HOW CAN PROBLEM SOLVING BE EVALUATED

The evaluation of problem solving should be based on goals
and should be done as one proceeds with the teaching -
learning process. There are various ways cne can use to
evaluate preblem—scolving, some of them according to  Walsh

and Faul .(undated} are;

i} observation - here the teacher ascertains whst
the child actualliy does, that is, he/she obhserves
the students’ behaviours.

ii) interviews - the teacher can use tapes =0 that
the upils may rewind them and listen to them—

selves solving problems.

v

{iii1i) checklists - these serve as means of collecting
. and recording information quickly:; they alsoc help
the teacher to refer to some points for con-—

sideration.

(iv) paper—and-—-pencil tests help to evaluate the

upil in terms of individual achievement.

{(v) pair problem—sclving as a means of self- evalua-—
tion and metzcognitiaon. In this study pair

problem—~sclving is researched and is thus dis—

=

cussed in detail.



PAIR PROBELEM-SOLVING

Fair problem—sclving, maintains Whimbey and Lochhead

m

(1782)., is a technigque cf helping students solve problems.

1

It is anm instructional aid where pupilse who are working in
pairs, hgve one acting as & preblem solver and one as  a
listener. The problem solver solves a preblem aloud while
the listener listencse to the sclver and where necessary asks
probing guestieons which do not lead directly to an answer .
Asking pupils to exprecscs their thoughts sloud while théy
engage in  problesm—sclving, EHtEFﬁaliEEE. the thinking
process, and gives the problem sclver, as well as the lis—
tener, Teedback on what is understood and what is Stiﬁl

vaguely processed. This self-monitoring of one’s thought

processes is a hi

-

her order thinking skill referred to as

)

‘metacognition’.

The anticipated advantages to pair problem—solving are that
it would:

¥ help pupile work through problems csystematically,

rather than Jjumping ahead and making guesses that

‘have not been thought through.

* help pupile find out which parts of

understand - and where they qet sturck

m

problem they

X provide pupils with an SRRCrtunity to change their



misconcepticns.

£ make the problem more engaging
¥ encourage the development of metacog

¥ teach communication skills

rnitive skills

¥ expose teachers and pugils to various points of view

and solution approache

in

¥ encourage the formation of study groups and a

willingness to support each other.

¥ foster co-operaticn as & social value as well as

classroom aid.

a

te. note that the

rr
i}
2
+

It is impor

pete

sloud interview and its principsl

n

use of the think-

product of real

problem—solving performances allow the development of

quxlitative as well. as quantita

determining the indivigdual degiree of

compariscn of theée criterig
- T problem—scliving differences between
additiconal credibility for the think
- { Camacho and Good, 1989:255).

3.5 ROLES IN PAIR PROBLEM—SOLVING

3.1 The role of a problem solver

- »

The  problem-soclver is the one

at hand. He/She first reads the problem
Ay

listener can hear what he/she

rt

<

ive criteria for
SUCCESS. The
with gualitative

students provides

—aloud technique

who is to solve a problem

aloud so that the

is reading. Thereafter



0]

on

B

tn

[

i

ne/she shouid t=1l  the listener what hesshe sees the
problem toc be. that 1is, he/she should state what is
wanted and how he 1s going to solve it. As he sclves the
problem he should verbalise each step thought of and
wrrite that down. All the steps should be written down on
paper to make 1t possible for the listener to follow the
solvers’ thinking. When the problem solver thinks he has
finished he tells ths listener. If the ligtener has no
further guestions the rocles change

The role of the

T L.
e

listener”
saying and then

help | the solver

tions and acsk for

gquestions
quettions like
did you mean 7..".
or stops thinking
think aloud so ==

listener should

every step down on

The role of the

<
H
=

Fair problem—solv
should move From
separately and com

1. " - —
L QUESLIONS.

"Why do

to what the solver is

RN

The listener chaould rnot

in any way but should ask probing gques—
The

-

out should be

necessary.
an answWwer

that"? "By saying X what

..2tc. Whenever the solver keeps quiet

[ 4

listener should him +to

ask

to explain each step he is taking. The

2iways insist that the sclver writes
& paper.

acher/fzcilitator

ino reguires supervision. Teachers
nEir to pair because Studenzs mé§ work

pare ancswers. When stydents do this it

w
aN



3.6

"short circuits’ the metzcognition invelved in describing
the solution process. Student pairs should be rotated
throughout the term because woerking with a variety of

patr-tners allows for more diversity of thought and a more

b=d

cohesive classroom. The listener should cccasionally be
asked to summarise the sisps of the sclver’'s solution to

a third person to ensure that he has been listening.

For critical thinking to cccur, studenits must feel free
to- make ervrors publicly. The essence of good problem—

eachers should avoid sup-—

acilitators of learning not sole dis-—

pencsers of truth.

EDUCATIONAL IMPLICATIONS

T

Teac

iers  should explicitiy teach studente the ancillary

b
o~

tnowledge required to interpret scientific concepts and
principles  properly. Teachers should also teach them how
te organise their entire knowliedge in  us=ful hierarchical

+

u

0

form and ensure that they lear int

m
Un]

rate separate in-

t

rt

tellectual-cnmpanents so th

[

hey can use them jointly for

problem—soliving tasks.

Finally, students should be tazught how to monitor their own

problem—solving activities, =

n

it pair problem-solving, so

that they may solve problems more successfiulliy.
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METHODOLOGY AND ACTION

SAMFLING

e o et e e . .
other Two arse  Kwa—Zulu staitg schools, oiipiis inm both
tihe and random
T + e =tard

T o e STan Y wWers

!
5
y
ny

—
it
=

T
[ = :i,_.
— -

—
o ci
ah

: Was
used 8= &

36



Tormed the experi
graup. The total
Fupils mostly si

feel comfortabile.
experimental grou
the new method

[

allow for more

The three scheol

in

not 11 aspects.

weres.

{The differences a

L
School 1
School 2

mental garoup wiheEreas 11 Tormed the control

number o7 = in this research was 57.

pupll

t next toc friends or people with whom they

This ssating was not disturbed in the

pe. Later on when the pupils got used to

~

Clv

T problem—s in

varied in many but

those variations

fmd
i1l

3

r are

bt

ng

n

ities in these schools

library; sbout sixty

teachers

is abrout 1:80.

ratio

necessary

and Eiclogy laboratoéy;

video rcoms; photocopying machine

.

iore tham half of the teachers are



]
[
0
—
}.A .
-+
H
m
0

irg cert:

teacher—pu

School 3 no laborat

ratio ics
“SELECTION aF PUPILS
The communities Trom whom

different levels cf lWes

from rural areas, some from

politan areas like JdJohannesto

have

Iab

Westernization migh

the children. This may be

poéed to a vatiety of obj

pupils who live in Johannest

siorr than pupils whose

similarity among the pupils

the same formal conceptual
jected to the same education
they all attended the <=z

have been taught by the sams
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4.3 METHOD OF IMPLEMENTATION

4.3.1 TESTING

A test was designed in order to  test  the abilities of
pupils to seclve scienmce problems and to find out how much
knowledge they have about the concepts involved. It was
thern decided that this test b= given at the beginning and

-

at the end of the recsearch. fne test was then

divided into

two parts. The odd guesticns were written at the beggining
- as a pre—test. The even guesiions were written at the end
as & post—-test. These tests werese bhased on MNewtons’' Laws,

momentum and on work, energy and power.

(i) and (ii) p 76 and p 81 ).

-~

-

Before they wrote a pre—-test a revision

on the relevant sections was dorne Tor all

given before the beginning

four groups.

interviews.

{see appendices

of basic concepts

The

of the interviews

The

given as a

pre—test was

whilet the post-test was given after the

testing was carried out such that the odd gquestions were
given as a pre—test and the even quecstions were

post—-test. The odd énd the even questions weres

be of equal difficulty and involving similar

krnowledge ( apperndiw. (iii) p 85 ). Hoth tests

ten for forty five minutes. Fupils
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4.3.

3.4

=
o

r
’

instructione: i) they had to show 211 their working and

ii) they had to give drawings or pictures as far &s pos-

sible.

INTERVIEWS

The interviews were congucted in such & way that two

pupils interviewed each other. Crne pupil became a
'problem—solver and the other pupil became a listener (see
3.53.2 ). The teachers were observers; Froblems soclved
" were based on the work that the pupils did or were

taught. It became & revision to them with the. advantage

et using a different or a2 "new  method.

HOW THE RESEARCH WAS CARRIED OUT

The recearcher visited the selected schools ‘&g originally
o . . ]

pianned.: The principals of thesé schoals-weicameq the idea

bf'.feéearéﬁ“aﬁ ﬁair problem—solving. During the first

visit, pupils at each school were addressed by the

researcher and were told that the problem—soclving

-
-

prog?ammmeA_was done as at the University of Mass%chusetts.
Fupils wére also told that they woﬁld write & pre—test and
a pdst—test on the concepts of momentum, work, energy,

power and on Newton’'s Laws. These were chosen because they

"
m

are the topics covered in the first three chapters of t

[}
standard ten textboek, which meant the pupils would &aill
have learnt those chapters by the +time the research

cstarted.

Between the first and second visit each teacher reviced the

basic concepts of the three sections with the pupils.The
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revision of the concepts was based on question and answer
method with some wplanaticne where necessary from the
teacher. During the second visit ail pupils were given the
pre—test which they wrote during one period, that is for
forty five minutes. After the test the experimental
groups  were given hanc-outs on how the interviews were to
be conducted and on questions which could be a&asked by a
listener. This was to prepare them for the process of pair
problem—-solving. Selection of the problem solving pairs was

done at random, but mostly iriends formed pairse whereas

other pairs were formed on the basis of where the pupils

bt

sat.

The process of .pair problem solving was explained to the

experimental group pupils thus:

X Eubﬁls are to work in pairs. The pairs are to consist of
the problem soclver and the listener. The problem solver is
fhe one who ;DIVES the problem and the listener listens
éttentively to the problem scliver. The probiem solver must

explain each and every step to the listener. On the other

.

hand the listener should ask probing questicns like:® Whry

do you say that?’, " What do you intend doing with that

rnumber?’ etc.

e

The pairs are nct supposed to help each other. Fupils

should use diagrams, drawings and pictures to represent
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their thoughts as Tar as possible. Each step is to be
written on its own line in a downward order so that one

could Follow hnhis/her thinking and be able to analyse the
drawing given in relation to the steps written.

coon as  the person thinks

m
in

The roles are to be changed

his/ he=r thinking or if a persan got

[WR

he/she has exhauste

stuck and cannot solve the problem any further.

The researcher and the accompanying tescher thereafter

demonstrated the process of problem—scolving. &fter this

4o

pupils were given a chance of practising what they had ob-

served.

A1l pupils were given the same prablems to solve, that is,
| : 5

-

both the expekimental and the control groups. The control

F

to use any kind of method they might

Q.

group was  tol

-

prefer, whether in groups or individually. The experimen—
tal group was given instructions on how to operate and ob-—
served while they worked.  Both groups werse reminded that

the medium of instruction is English + 50 they should speak

English throughout the process.

The problems to be soclved were taken from study aids

(Fhysiczl Science standard nine and ten), Matric

Freparaiory FProgramme {Shell Maths ard Science standard
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ten) ., and from FROBLEM-S0LVING AND COMPREHENSION by
Lochhead (198Z). Scome problems involved the use of numbers
and formulae, while others were of different kind {see ap-
pendix (vi) p 92). The implementation of this interview
process required revicsion and adaptation as the puplls

£ had +tzke into account varying

'.I
rt
]

progressed becaucse

classroom personalities, sizes and abiiity levels.

During the subseguent two visits, puplils in the experimen-—
tal group sclved problems using the preocess of  peair
problem—-solving. The conirol grovp was given the same qQuUES-—
‘tions as the sxperimental group, but were not directed or
observed. The researcher made 1t & point that the control
group was solving the érop}ems'given toc them, not studying
anything else during that period. Durimao the next two
visits pairs were chamged tc enable pupils to interact with

other® pupils in the classroom. This was dore to. make them

more aware of how different pupils solve their problems.

Tape recordings were made using a cassette tape
recorder.This was done with the experimental group only.
The emphasis was put agzin on speaking and writing English.

Fupils were left zlone

[
n

pairs so that fthev could be free
when speaking English. because ussually purcils avoid speak-—

ing Englicsh during the precsence of their feachers

0T  pupils were recorded one at & time in different

I
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classroom so as to avoid disturbing the other pairs of
pupils (csee appendix (vii) p 97). Froblems solved during
the recording SEsSSiOns WEre the <came for other problem
csoiving pairs =0 +hat the recordings were not affected by
the work of other pupils. Giving pupils the same GuUES”™

— —_ 5 o [ r_.
“tions, also allowed the researcher to investigate whethe

_the errors which pupils make are peculiar to some in-
dividuals or are common to almost all-eof the experimental

gQroup.

During the last visit but one, all pupils were given &

°
]
Ui
‘—P

|
r+
|

Iy
r+

r
f
]
m
L
Q
|

rk

o

m

1

ame concepts and having the same

level of difficulty as those of the first test.

On the last visit, the researcher and the teacher

-
-

:Dbserver, together with the pupils, discussed the problems
which had been solved during the interviews and the jtestz,
which had been written. Fupils were given théir test marks
and & chaﬁce to comment on them. EBoth the experimental and
which

U=S

the control groups ~came together for discussions,
were provided to help determine how much the pupile had

bernefited from the process of pair problem solving.
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The three teachers who were involved in this project were
teachers of mathematics and physical science in the three

schools inolved. Their gualifications vary in this way:

The teacher from Schoel 1 had a matric certificate and =

u

teachers diploma. He has been & teacher for nine years.

A

e

The tzacher from Schocl 2 had a degree in education and had

2

taught for three years. The teacher Trom Schocl 3 had a
standard ten certificate with no teaching sxperience. The

teachers were not given the tests (tc be written by pupils)

rr
v
-'
ot
i
<
T
i.-l
Ymed
n
—_

D=fore they were written

r

his was done pur-—

m
b

pozely to avoid the temptation of giving ues to pupilis by

the teachers.

ANALYSIS OF TESTS AND TEST SCORES

f
H

The purpose of analysing the test guestions (see appendices

(iii) and (iv) p 85 and p 87), is to show that the gques—

tions given to students were eguivalent, that is, they were

of equal difficulty. This also shows that the pre-test and

the post-test were based on the same concepts. This was
done to give validity to the tecst scores. The test scores
(Appendix  {(ix) p 99 ) were converted into oeErcentages for

processing. They were used in cxlculating the standard
deviations, the means, the t-tests (Tables 1 and Table Z p

45) znd the level of significance of ths

[
~
iy
i
[
—
r+
n
._h
a
o
3
(=K

It

s hoped that the scores give & clezar picture of whether

-‘-'._ - ) . .
thne new method did improve the Fupils’ abilities in sclving

prozlems or not.
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TABLE 1

MEANS AND STANDARD DEVIATIONS OF TESTS 1 AND 2

EXPERIMENTAL GROUP

SCHOOL NO: IN A MEAN X STANDARD DEVIATION
GROUP TEST 1 |[TEST 2 TEST 1 TEST 2

1 14 38,3 59,7 16,62 15,65

2 20 39,4 60;2 B 11,2 14,74

3 12 40,7 61,1 16,03 10,246

CUNfRdL GROUP

1 11 43,4 37,2 14,78 12,84

TABLE 2

T - TEST VALUES CALCULATED FROM TEST SCORES

EXPERIMENTAL GROUP

SCHOOL DéGREE OF VALUE VALUE LEVEL OF

: FREEDOM OBTAINED| GIVEN SIGNIFICANCE

1 13 | b6,15% 3,012 0,01

2 19 5,46% 2,861 0,01

3 11 4,42% 3,106 0,01

CONTROL GROUP

1 10 -3,14 3,169 0,01

2 P < 0,01
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WHAT CAME CUT OF THE RESEARCEH

INTRODUCTION

The result of this studv are presented in  terms of three
major aspects of differential performance cbserved. The ex-
amples and evidence civen are taken from beth the pre -
test and the post—tsst. The raticnale behind the use of both
tests is that,., despite significant improvements from the pre
~test tac the post-test, for the experimental group, dif-
ferential performance cccurs in  both tests. The cbeserved

aspects were:

=h
W
o
T
[ )
M
I
ld
n

¥ Quantitative degres of problem—sclving success o
¥ Specific knowledge about the concepis involved including
mathematical skills.

General problem—sclving characteristiics

o
£
In this chapter, the aspects of differential performance,
irrecspective of the tesaching done, are dealt with Tirst.

It is important toc realise that a single procedure cannot
change the total problem solving pictufe ih & class of
pupils. The overall picture of differentizl perfor-—
mance 1is therefore needed to understand the changes that

tock place among the greoups in the research. The specific

changes that ccocuwrred in th

m

experimental groups, com—

0]

paered to the controcl group, e then examined and conclu-—

1

sions are drawn.

a7
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S.2

The specific changes that cccurred in the experimental
groups, compared to the control greup, are then examined

and conclusions are drawn.

QUANTITATIVE DEGREE OF FROELEM-SOLVING SUCCESS OF SUBJECTS

This was based on the number of correct answers tc all the
questions given. When only part ot the guestion/problem was
solved, partizal credit was assigned. A score of 4 was &as-—

3

signed TfTor a completely correct answer.

For instance one subject {(Beauty) of School 10 got one mark

for gquestion 13 because she wrote, a = f/m =1t/100 = 04, She

used the correct formula with the wrong figures. 6 total

score was assigned if proper secluticons were provided.

No mark was given to a student who get t

-r

= guestion com—

pietely wrong or who did not attempt toc sclve

it

problem or

who just guesced answers, like one subject (Fhyll) of School

2y who just wrote A as an answer for guestion eight in  the

pre—tect.



FBelow 1is & summary ot the kind of difficulty posed by
problems for the subjects . The persistence of some of the
difficulties are shown by the existence of problems which
proved to be difficult tc most students in the post-test.
Two examples of difficulties with post—-test questions are:
Mest pupils did not attempt to solve problem number 11. A

few approachned its soclution randomiy.

rFor example : cne subject wrote
F + F = 4abM + 2abN
= &Gabh

another ong wrote
F = F

In number 13, subjects used a formula for Newton's Second

u

Law of moticn instead of also applying the system of pul-

leys.

-For example : Answers given here were
a = 200/20 = 10
a = 400/40 = 10,
The subjects did not show where
they got 400 and 200. It is most

liktely that they ussd the formuls
F = ma
F = 30kg » 10 = 300N and

- F = 10kg x 10 = 100N
Somehow they either addecd the two
answers to get 400 or subtracted
to get Z0G

N
W
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DIFFICULTIES WITH SCIENTIFIC XKNOWLEDGE AMD MATHEMATICAL
SKILL

Frobably the major problem <sclving differences observed
were those related to the amount and guality of specific
content knowledge expressed and applied by each subject.

These relevant knowledge difference=s between unsuccessful

-
|—l
o
m
Q.
N
)

and successful subjects are desc terme aof a large

o
[in]
ui}

number of misconceptions and knowils gaps observed with

respect to kinetics, Newton ' s Laws arnd mathematical skills.
For example:

Froblem (no: 3) FPost—-test
i) Generally students failed to conceptualise

the problem adecuat:

pad
"

uately
ii) There was :no confidence in solving this
SR _ problem. Students wrote:
v = m/f = S/Z0 = 0,25
p = 43 ¥Yms = 4V
Here it is not shown wherz they got 5 and 20

Froblem (no: 5)

i) Some étudents cseemecd not to unéergtand tHE
concept of (p) momentum. &8s a result guess—
ing was used.

ii) They used the formule 1/2 mv® which is not

for momentum but Tor encergy. Students wrote:

Momentwum o7 ooibth 1 1/72mv= = 1/Zmv=
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The way
lack of

problem

the pupils answered scme of the questions showed that a
basic science knowledge and mathematical skills hinders
xamples of this are :

csolving.

ire 2 below could ot convert
This indicates a techinical

(1} suibject 2 in fi
minutes into second

difficulty.

I,I'I lﬂ

subjects,
lack

(iii)other
demonstrated a ability

indicated by, for example,

properly with fractions

figuwre 1

40km /b ———————— ¥x car
10km/h ————=%> a plane
40km/ h———————— ¥ 10km/min 2 h
X ——————— ¥ 450km
1800km = X 10km. 0,017
4i3m = 10kem . 0,017
_ X 450Gkm
- 7 0,017km X = 1800km
De.17km Q. 17k
)4 = 1053.,8 » 10km

.figure Z

A — 40km m

= 40Gkm &HOs

B = 10km in
= 10km in
=n = 4km
10km

(12 =«

Imin &0s
&0<s
ih

s

4¥m &60s)
= A0
dbm

E00)

720

.

4,83km for &
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GENERAL FROBLEM-SOLVING CHARACTERISTICS 0OF FUFILS

The results found from this study showed that there was &
great difference in behaviour betwesn the pupils who were
better problem sclvers and those who were not. The puplls

who had poor ability in solving probliems showed the follow-

inag:

i) _FDDr translation of the English language into mathe-—
matical symbolic language. In figure 3 below , one
subject had scme difficulty in putting words into sym—
bols. He wrote 3. Ri144 Tor the sentence; R109D less
than triple John’'s weekly income.

Figure >3
Jim’s w;ekly incoms R100 = John's weékly
‘income 3 R1GO = 300 .
. Hueys’® weekly income Z. R3I0N0 + R20 — R&20
Jim’'s weekly income - Hueys’ weekly income

= 120/6 - 20 = R120

ii) Many guessing behaviours (Fig 4). This subject also

had some conceptual difficulties showed by saying
that the difference in time is always two minutes. .

Here again he was guessing because there is no

evidence of him trying to sslve the problem systemati-—

C

el

1ly.
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Figure 4

Clock & keeps the perfect time

Clock B is running faster

Clock —————=> bmin

Ciock—-——-> 8min faster by Zmin
Cigck B—————- > 26 min

Clock A—————— r 34 min

54 min have passed

.

Lack of bkasic knowledge {(Fig 4 above ). The error
here is systematic in most pupils who take it that if
& is & minutes and B iz 2 minutes fast, it follows

that if E is S& minutes fTast then 4 must be 54 minutes

fast.

LIy Wy

Fupile who were able to solve the problems better, like for

iﬁgtance the pupil in figure 3 below, showed the following.

d)

8.

vetematic way cf soclving problems

Coped with proportions esacsily

Better undercstanding cf the problem

problem in their own scientific

ney read the whole problem and then rectated the

language.

Figure & (no 3 in post—test)

tet the mass of B be
Data is MA = 4 ME
VB = Mms -y

rt
T
1
=
m
—
Q
B
i

af A be 43

= 7 (moves in

. ' gppocsite direction)
Sclution: MaVa + MbBVYbE = Mab Yab
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4y {(-Va) + x Vms = QO {(MabVab
staticnary)
-Va = - #Vms
4
= - Yms
4
174 Vms

Va
On the other hand most pupils in the control group found dif
ficulty in =solving problems becausé they sclved problems ran
domly, worked individually and in small groups and also tried t
use knDQn formulae like in the following example.
Figure 6 {(no 3 1in post—-test)
v = m/f = S/20 = 0,25

F

4 uw Vms = dv.

From this example there is evidence i failure to cdnceptualize

]

the problem adequately. There was alsc no coenfidence in solving

this problem. PMore of the problems soived by both groupes are in

appendix  (x) (p tol). "

HYFOTHESIS TESTING.

tn
on

a

Fupils have & tendency to shkip, steps in reasoning and miss

facts when drawing conclusions. Seeing thet this poses

-

a

problem, it was theught that roalising thinking would en-

sure that pupils do not skip steps in their reasoning nor

mise facts in drawing conclusions, but improve their

ability fo solve problems by solving doing <so systemati-



Feople involved 1in the research were standard ten pupils.
and some teachers; Materials used were the standard ten
revision book .standard nine and ten ééxtbooks and a boak
written by Whimbey and Lochhead - "Froblem—Sclving and
Comprehensicon 1932".

For thnis study a gtatistical test was wused for testing,
that is, accepting or rejecting the null hypothesis at the
0,01 ievel of significance.

The scores used were taken from the tests written by

pupils. There were significant charges in the scores from

=h ,

those of the pre—test to those of the post-test with the

experimental groups. In Appendix ({(ix) p ~99) the <size

of the increase is shown by the average percentage found.

-

There atre various treascns for that. Some .reasons may be:

roup were introduced to

n

‘* the pupils in the experimental
& different approach and ocbserved, wherezas those in the
control group were not. ‘

¥ _the use of this process by the experimental group made

them develop a sense of independence which led them to

erxercise responsibility fTor their own learning.
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From Table 2 (p37) the t-value for df =13 {(degree of
freedom for School 1 Exp.group).is 3,012 but the vglue

obtained for t©.(&6,15) is greater thar this. fgain the ob-— -

[in}

tained t— wvalues for df=19 for School 2 and df=11 for

2 -

Scheol 3 are 5,46 and 4,42 respectively. Thess values are
greéter than the given value of df=1i9 (2.861) and df=11
{Z,1046).The difference between the mean scores is accepted
as ;ignificant at the ©,01 level or better. For the>con—'
trol group thE:obtained value for df=10 is —-3,14 which is

less than the given value of 3,169.

It is,therefore, reasonable to attribute the increase in

mean scores to the effect of the method used. | The
‘hypothesis is accepted and the null hypothesis is
rejected. The differences between pre— and post—testing

are significant in schools 1, 2 and 3. The method used was
effective in the three groups as cpposed toc the method for

the control group in school 1.
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TABLE 2

T — TEST VALUES CALCULATED FROM TEST SCORES

EXPERIMENTAL GROUP

DEGREE OF

VALUE

SCHOOL VALUE LEVEL OF
FREEDOM OBTAINED| GIVEN SIGNIFICANCE

1 13 6,15k 3;012 0,01

2 19 5,46: 2,861 0,01

3 11 4,42% 3,106 0,01

CONTROL GROUP

1 10 ~3,14 3,169 0,01

£ P < 0,01
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TABLE 1

MEANS AND STANDARD DEVIATIONS OF TESTS 1 AND 2

EXPERIMENTAL GROUP

NO: IN A

SCHOOL MEAN X |STANDARD DEVIATION
- GROUP TEST 1 '|TEST 2 TEST 1 TEST 2

1 14 38,3 | 59,7 16,62 15,65

2 20 39,4 60,2 11,2 14,74

3 12 40,7 61,1 16,03 .10,26

CONTROL GROUP :

1 | | 11 43,4 3742 14,78 12,84
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Tape recording — interpretation

In the analysis of the tape and in further ocbservaticn of the
classes using the pair problem solving procedures, it was
readily apparent that many of the pupils find the role of the
listeﬁér the most difficult té fill. Their eagerness to par
ticipate in the process of solving & given probliem is clearly

he classroam

rt

audible on the tape and can usually be detected in
where the process has Eéen impiemented. In both the taped ses
sion ahd in.other Clazsrcom implementations, the-researcher
%Dund that girls tend to restra&n their entimsiasm and speak’“
more quietly thanm boys. While thics makes for less vital taping,
it definitely gontributes to arlower volume of sound in the

classroom where the process is taking place.

The researcher also discovered that at somehstage tﬁe puplil in
] .

group 2 said " '40km " and wrote down 4km. Another cne said "R100O

less than triple Johns’ weekly income " yet wrote Johns’ weekly

-

V_incomg_é._ﬁld@i On the other hand cne pupil in group 3 showed
facial and vErba1 lack of ihtérest in sglving the problem. She

" said " This p}c}hlem is difficult, and I am tired now ". Her
-problem waé that she ﬁried to use the formula when it wacs not
needed. - ; _ - . ¢
From the written worik, the post-tests, direct chbservation and
the tages it Was clear that the purils in the ezperiméntalhgroup
showed the characteristics of better problem solvers ( faﬁleiS p

64) than pupils in the control croug.



On the whole the researcher found the

1]

the tape a true representation cof th
displaying as they discover the excite

the solution.

2.6 DISCUSSION AMD CONMCLUSION
The observaticns and results of
implications for
{i} & thecry of problem solving
(ii) utility of the think—aloud
toc observe problem—sclving
S5.6.1 Development of Froblem—sclving

Research intoc problem——sc

which those problem—solvin
tics can be accounted for.
chsetrvations

about probie

are common across scientif

60

experiment exciting and

rt

nthusiasm the pupils are

ment possible in pursuing
this study have several
and the

technigue

behaviours.

Theory

Iving E?lila in scientific

cho and Géad, (198F:267) .
F & hnolistic theory in

g performance characteris—

Fresumably the Tollowing

m—soliving characteristics
iCc domsins:



The cdiffesrsntial application o7 & core of
principles and concepts that cserves as  a
conceptual umbrellia for s Tormal domain has
besn a major chservation cof this study.
ui subjectis coneistently evoked and
correctly ussd a larce number of principles
{e.g. HNewtcn’'=s Laws etc.) to nide the

‘ Pl . - -
sglution prccess and to justify theilr

The differential degree of motivation of
subjscts may be an important component to

problem—sclving theory. inm this study,
motivation S=EenRs to be =) success—

'
jects clearly sxpressed intsrest in several

WavYs during ihe activity of soliving
problems. They itended to spend more  time
working for an accepiable solution, tried

toc detect errcrs and they szemed  to  snioy
the challenge of solving the problems cor-—
rectly. On the other hand, uneuccessful
subjects exhibited z lack of motivation in
providing answers and reasons by oasing -

guessing, and try io gei rapid answers in

one Or two steps. This will he shown in
the interpretaticn of taps recording.
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S.6.1.2

-

The differential application of & core of
principles and concepts that serves as a
conceptual umbrella for a formal domain has
besn a major cbhservation of this study.
Successful subjects consistently evoked and
correctly used a large number of principles
{e.qg. Mewtcn's Laws etc.) to guide the
sglution process and to justify their

answers and reasons.

The differential degree of motivation of

subiscts may be an important component to

.
l.l
2
1

be considered the growing development of

[

problem—sciving theory. In this study,
motivation Seems to be a success—
cdetermining factor. Most successful  sub—
ts clearly exprescsed interest in several
ways during the activity of salving
problems. They tended to spend more time

woirrking for an acceptable solution, tried

+
I

detect errcors and they seemed to enjoy

rr

he chzallenge of solving the problems cor—
rectly. On the other hand, unsuccessful
subjects exhibited a lack of motivation in
providiﬁg answers and reasons by using
guessing, and try to get rapid answers in

crne or two =t

n
m

ES. This will ke shown in

the interprefation of tape recording.



S.6.2 Ueefulness of Think—&loud Technigue

It is important to note that the - think—-=zloud interview
and its primcipal product of real problem—solving per—
formances alicwed the development of quantitative and
ualitative criteria for determining the individual de-
cree of -success (Appendix {(ix) p 99) whose comparison

3. =
H

with gqualitative problem—solving differences

i

Table B

—

— —
A

&4) provide additional credib

Jode

iity for the think-aloud

technigque.

sglving 1is

neither short nor direct. Considerable content-specific
kLnowla=d 3 ied d th cenlivosr micst o= HOi ; 3
nowisdge 15 needed and the solver must see how the various

pieces of knowledge coms together in ths solution  process.



TABLE 3

e L
IR ACHINI SN PN o

)

Problem — solving differences among subjects.

Poor problem solvers
tended to

1.

Read the problem quickly
and began solving it.

lose motivation or show
lack of motivation and
even to be tired soon

provide wrong answers and
justify them with 1llogical
reasons or too much guessing

make no checks which
could show wrong answers
and reasons.

show a lack of hasic
mathematics knowledge such
as logarithmic laws, ratios
and proportions.

use . trial and error
unnecessarily.

make careless mistakes
which were not noted o

discovered. '

be silent very often and

express a lot of insecurity

about their verbaiization.
make no comments about

the problems and skip
information on the praoblem.

64

Better problem solvers
tended to

Read the problem slowly
and re-read again.

be well motivated by
.procbhlems and the solution
process

3. provide correct answers

and reasons

4. make frequent checks of

the work done to discover
any inconsistency among
steps, answers and reasons.

5. show proper knowledge and

use of these and other
mathematical skills.

6. use knowledge develaopment

strategy.

7. make few careless mistakes.

, 8. think aloud fluently

make proper comments about
or beyond the prablems’
context.
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RESEARCH FINMNDINGS AND RECOMMENDATIONS

6.1 INTRODUCTION
This chabter summarises the research process, sets cut the
research Tindings and makes & number of recommendations.
&.2 SuUMMaARY OF THE RESEARCH FROCESS
6.2.1 Restatement of the oroblem
Studernts have a tendency to skip steps in reasoning and
miss facts when drawing conclusicons during problem scliv-—
ing. It was theretore thought that vocalising thinking,
using the method cf pair proeoblem solving, would hélp en—
sure that students do not make these mistakes, butirather
improve their ability to solve problems systematicaily.
6.2.2 Aim of study

The aim of the study was to find cut to what =xtent the

pair problem— sclving method would improve the  students’

1]

ability in solving physical science problems.

Methodoloqgy

The pecople involved in the recearch were:
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¥ matric pupils ancd teachers o7 the schools in
Osizweni in kwa—-Zulu.
¥ pupils were selected at random Trom each Fhysical

Science class.

in the edperimental groups the interviews were done
during one period per week Tor six weeks. During the
saﬁe time the control group practiced solving problems
in traditional style. Fupile from the ssperimental and

the control groups were given & pretest and a post -

test. Interviews carried out were tape recorded and
transcribed. These together with the test scores were
analysed in order to determine to what extent the

=-h

problem—solving skills of students improved as a result

of the experiment.

6.5 RESEARCH FINDINGS

6£.3.1

The findings of this study have agenerally confirmed
several important observations reported by previous
problem—solving studies in science. Some of these cbser-—

.

vationes are:

¥ problem <solving is negatively affected when rote
memorisation rather than meaningful integration of

kriowledge is the clear choice of the subject.
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i successTul subjects spend more time initially with
gach problem developing a representation scheme

betfore proceeding to formulas or equations.

¥ successtul csubiects demoncstrated cross—checking
strategies campared to the unsuccesstul who used more

trial—-and-error and &algorithm recall.

6.3.2 There are fTactors which ShGQEd littie change during the
pruéram. These arse shown in the figure below:
The pupil wrote 3. Ri100 for the sentence: R100
less than iriple John’'s weekly income. Here the
pupil showed the fDlleiﬁg:
(i) poor mathematical cshkilis
{11} lack of basic knowledge of certain
- concepts and
(i;i) difficulty in the translation of English
to méthematical.zymbuls.
6.3.%7 There are other factors which changed for the bhetter

during the- process of problem solving . The reseacher
cbserved the following while the students weres solving
problems.
(1) level of interecst
{(ii) communication skills
{1ii) listening skills

(iv) movi®g from random croblem solving

to  a more system

by

tic way of solv-

ing problems.



{v) greater overall success in the

csolution of problems

6.4 RECCOMMENDATIONS

(=3

4.1

The importance of communication

The verbal communication between pupil and pupil, and

between opupil an teacher. in problem soclving is very

important. In pair problem—soclving. communication 1is

both oral and written. The most important thing here is
that there should be & flow of communication between
the two parties either in writing or oraliy. This will

ensure that the listener clearly understands what the

prablem sclver is trying to communicate.

Flacing pupils of the same standard in pairs facilitates
tammunicatian, because these pupils use the same lan-—
duagg. It is difficult though tauéet the students to
write effectively. There is =till much tc be learned in
the applicaticn‘ of writing to the learning of physical
sCcience and mathématicz. Teachers should put much em-—
phasie on writing because it leaves & retraceable mind-
map, which can be used as a source of reference by a ztﬁ—

dent.
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Every time teachers explain something to a class,or put
up & siagn on the chalkboarac. they are making a prediction

about the effect this would have as a means oT communica-—

tion. & message is more likely to succeed if 1t fits

the pattern of understanding, attitudes, values and

Ta]

goals & receiver has. Communication eifects are a result
of certain forces. These are : the situation in  which
the communication 1is received, =and in which the response

may oaccuri the personality state of the receiver his/her

group relationships and standardes {(Willbur,1955:8)

It is therefore dangercus o assume  any simple and

direct relationship between and its effecis

u]
hi]
3
m
m
151
]
[n]
m

without knowing all the other elements in the process.

Consequently teachers should make sure that thes do not

assume such a simple, direct relationship.

[
bt

-

6.4.2 The role of verbalisation
Whimbey and Lochhead (1983} argus that educational thecry
ignores and discourzsges thz importance of verbalisation.

The primary advantage of

r

rimging & thought to con-

scicusness is  that we m

hl

y observe it. One is ablsz to
reaiise where one made a mistake and improve on  that

whien cne verbalises one’s thought processes. This aleo

makes one understand how the varicus parts are related to

each other. To motivate contirmucous thought the teacher

should cften answer questions with more

questions. This means *that ths teacher should nat alwsvys



aive answers but rather try to develop a sense of con-
fidence among students by probing even further. and en-—

couraging them to express what they think.

The role of the problem

Lochhead (1983:5) argues that, for a problem to be
thought—-provoking it must be challenging and capable of
generating controversy. Moreover, the sclution of the
prcblem.must.be instructive. The problem should allow
for several. repreéentatians in its seolution, that is
pictures, diagrams, tables, graphs and hypothstical num-
ber substitutions. Froblems should inform the gensral
kncwledgé of the problem sglver. KkKhile this may not be
the only goél of the problem it is surely an important

auxiliary benefit (Whimbey and Lochhead, 1983).

The role of the téacher

-

Ferhaps the greatest incentive to working on a problem is

the personal satisfaction that comes with a hard won cor—

rect soiution; However, the soclution may not be the most
impaortant goal. Concept formation and thought processecs
far cutweigh any one solution in  long term benefits
{Whimbey and Lochhead, 19892:46). Frequently getting an

answer from someone else’s efforts is interpreted as a

~h

gignal that thinking, at 1

m
rt

as con that problem, may
cesxse. Students view teachers as an ultimate source of

confirmation.
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if teachers answer auestions too easily, 1t makes stu-
dents <ctop thinking and expect the teacher to give
answers. The role of the teacher should rather be to
facilitate thinking among students, and this can be done

by encouraging them to solve problems on their own.

6.4.5 How teachers can make students better problem solvers

In helping students become better problem sclvers, a
teacher has +to - learn how they solve or try to solve
problems: which problems they fTind diffi:ulf; what kind
of errors ‘they make and why they make them ;3 what their
misconceptions aﬁe and how these interfEfE with problem

solving.

To Tind answers , one must take careful notes of what
students doc and say, and ‘pair problem—solving’ is one

technique which facilitates this.

Learning about the problem sclving behaviocur of students

cr

and particularly their ability to reason using their
krnowledge of the topic, is a key iscue in problem solving

research. Teachers should always try to diagnose the stu-—

dents’ problem—saolving behaviour and prescribe an ap-

propriate treatment.



6.4.6 A recommended appraach toc problem soliving.

Start with a gualitative study of the situation,

to define and deiimit the problem,

clearliy as

¥ Formulate a hypcothesis regarding

trving

pointing cut as

is to be investigated.

the factors which

ticular atitention to  their inter—-reiationship and
boundary conditions.

¥ Elaborate and make explicit possible strategies for
scluticns before going, ahead, thus aveoiding pure

trial and error.

prablems =so that

fu
r+
o
r+
=
]

fore demcnstr

knowledge availabls

¥ S5o0lve the

Lock for different ways
answers might be compared

coherence

proolem while verbalicsing

to fundamental princigles and

of solving

the csolver.

and there-—
of the body of
to the maximum,

avaiding

a4 Tar as peossiblie bling operations devoid of any
meanings.
- 7. -~ +
* Carefully analyse the resylts

hypothesis formulated

consideraticn

and in particular,

in the light of the

taking into

the beurgary conditions.



oub.7

The five steps outlined are 1intended as general
guidelines that will help tc indicate and guard against
certain ‘methodological vices’, such as the tendency to
fall into bklind operations aor to think in terms of cer-—
tainties rather than in hypetheses, which in turn inhibit
the production of pocscsibis aliternative routes to solu-

tipons and do not c

s

11 the answers into question or elicit

the analysis of results (Garreit, 1990 : 7). These
guidelines should be given to students throughout the -

process of problem sclvin

i
[mi
]

yal
m
-
[w]

ing on what problems

arise.

Recommendations for further study

Classrogom re=search intc

r+
m

chniques that improve

students’ problem sclving abilities can begin by looking

-

at some issues such as the followingg

# The use of non—-standard problems to help students ap-—

proach Ol -5 f i = & ta Nl
preo i problem solving as & tack Yeégquiring reasoning.
R

*# Teaching students &bout  the process of problem—

.

solving. For exrample it ie believed that knDQing

=

technigues for improving memory

3J

o=

lead to more ev-

e .
TECTlVE remembering and thercfors pProblem solving
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6.5

discipline and a2 sence of a systematirc method

X The use oT other instructional strategies to pin-

’

point and eliminate students misconceptions (Goaod

and Smith, 1987:35).

CONCLUSION

As sSsoon a

1

one tries to define a problem scliving methodol-
ogy that eught to be taught to &all students, a problem
arises. i It is not true that one single method can be the
only one for soclving problems. Some experits zgresz on the
merit of using various special technigues, vyet there is no
consensus as to the best overall technigue. This slsc poses
a selection dilemma which cannct be ignored, for if cne ig-

nores this dilemma and imposes some procedure upon  stu-

dents, there may be some difficulties. Other students may

.not be able to grasp a particular procedure and thus remain
N ~

betrind them. This will prevent students from benefiting

from the knowledge given.

This dilemma may be solved by allowing studsents more than
one strateqy or one problem solving method because confor-
ming to one would be inefficient and ineffective. Drilling
students in & particular problem-soiving methodology ac-

tually denies them the opportunity to learn, because the

key to protlem solving lies in firding +the appropriate

method. On the other hamd most students lack

self—

of working.
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o

They therefore need to be heliped. One way of helping them
can be teaching them to think aloud. A person who solves
a problem by reflecting upcn his method can learn from his
mistakes and is bound to make progress  (Whimbey and

Lochhead, 1989).

SUMMARY

The problem sclving approach begins with the students’
ﬁrior knowledge and uses it to challenge them to solve ap-
plied problems whose soluticons demonstrate powerful scien-—
tific and mathematical concepts. Students create their own
meaning when they work collaboratively in pairs and in
groups. In the proceés, they learn to reflect on their
thought processes so they may judge for themaelveé whethéf

their soclutions do or do not make sense. They learn ta

think criticaliy as well as guantitatively. Their anxieties

-

about learning yield to a2 new confidsnce.

The eTiectiveness o7 this aopprozch is determined by the

ability of students to better understand the type of

thinking that science entails. Students need to develop
. - : :

strategies for learning that goes beyond rote memorisation

of formulae matched to sample problem—types.
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APPENDIX (i)

Pre-~Test.

Impulse and Momentum.

-
.

Fas

Which one of the following can be a unit of momentum?

a) kg.ms™? b) Ns c} kgms * d) Ns™? e) kgm®s™

A ball approaches a baq:sman at 30ms” and leaves his bat at SOms™
in the opposite direction. The change in velocity takes place 1in

0,1s. The magnitude of the acceleration during this changs is, in

-2

ms
a) 30 x 50 'd) S0 - 30
G,1 0,1
b) 3C x 50 x 0,1 e} S0 + 30
: 0,3
c) 50 - 30

A resultant impulse of megnitude 20NS is app’.ad to an object
of mass 5kg, 1nitially at rest. The velocity acquired by the object

: . . ~1
has -magnitude, in ms of :

a) 0,25 B9L  c) S d} 20 e) 100

A truck of mass 1000kg 1s moving at 2ms™' when it collides with
another stationary truzk of half its mess. After collision their
combined momentum 1n kgméJ 1s

a) 1000 b) ( 2000 + 1000 )? ¢)200C d)3000 e) 4000
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S. R relier skater
—d

ras a8 mass of 50

=

nZ moves with s

Joa

velocity of

5mg. He caiches & ball of mass Zwxg which 1s travelling
-t
horizontally with & veliocitly of Zms 1in the opposite Girecilon.

Which one of the

a)
b)
c)
d)

e)

fv. statements

¢ ¢CIr

The rollerskater
Both
Both move in original cirecticn
Both

Non=

r1igins} direciicn o

move 1in

move at right angles to thear

of the above

ect?

the rollerskates

ariginal directions

Work Energv Power :

£ store with & mess of 2kc l:ez on 2

A boy kngocks the ston2 from ine tz5le 3

groung.ine werk don® agsinsl GQUEvil: is
\ o - an
al Z3 B} IG5 c: 222 s

-

~ A boyv with s mass of 50kg escends to th

shown in the figure.

The amount of work dcone bv ‘he Sov ageinst

a)

1083

b} 2003
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c., S0l C

Gle whacn s 1m hich.
nd 1t Tells to tne

303 e} Zero

e top of the stairs as

0.5m ‘\E




10,

8.

If the boy in {7) requires & force of 10N to move himself forward,
the total amount of work done by the boy to move from position A

to position B, 1is

a) 85J b} 1153 c) 1503 d} 515 e) 985J

The bob of a pendulum moves from from rest through a vertical
distance h in swinging freely from a point P. to 1its low=st point.

The speed V of the bob at its lowest point 1s given by;

ay\ Zgh . b} hg c) h/2 dihg/z e)2gh

A 'motorcar with a mass of mkg, 1s accelerated by @ force F until

. S : - . .
1t reaches s velocity of Vms . If the force increesses to 2F and the

-

: _ ~ . : : .
velocity of the motorcar to 2Vms . the increase in kinetic energy

of the motor car is?:

a) imv? b} 3/2mv? c) 2mv? ¢lamv? e)émv?

11.

Newton's Laws

A force causes an acceleration of 30ms™2 on 2 body with mass of xkg.
The magnitude of the force is

a; 30xN b} x/30N c)30/%N d)30x*N e )90xN




12.

13.

1.

15.

A body has inertia due to 1ts
a) movement b)energy c) momentum d) mass

e)acceleration

A man leans against a rock (mass 50kg) with a force of 15N.

If the rock does not move, the force exerted by the rock on the

man 1s

a) 0 b) 15N c)>15N  d) 15N e )S00N

Two masses hang at the ends of a chord over two frictionless

pulleys as shown in the sketch

4kg 4kg

the tension in the chord is ;

"a) 0 b) 4N c) 7N d)40ON e)80N

Two spheres A and B with masses of 10kg and 5Skg are

placed at a distance of 0.5m apart. Which statement is true?
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a)
b)
c)

d)

e)

The force between them is 200N

A exerts the greater force

B exerts the greater force

The force exerted by A and B equals the force exerted by
B on A.

Tl
The force between them is 200 x 10 N
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4.

2.

APPENDIX (ii)

Post - test:

Impulse and momentum :

1. A bullet with a mass of 5 x 10 kg moves at a velocity of 20[]ms“l
as it strikes a sand bank. It penetrates the bank by 0,2m
because of the constant retarding force. The bullet's momentum
just before it strikes the sand bank will be :
a) 10 x 1072 b) 10 x 107" ¢) 10=> d) 100 x 107" e) 2 x 107°

A cannon with a mass of 1000kg, fires a bomb with a mass of 20 kg =" @ wvi.
at a velocity of Soms™ . The velocity of the cannon directly after

it has fired the bomb is

a) 10"%ms=" b) 10 ms™ ¢) 1ms=* d) 100ms™ e) 1000ms ™"

Two trolleys A and B are locked together with a comprgssed spring
between them. The mass of trolley A .s four times that of B. If the
spring 1s released, trolley B moves at a velocity of vms™ . What will
the velocity of A be ?

9) A b) 3V c)V d) 2v e) 4v

A stone with a mass of 1kg is thrown vertically into the air at 4mé-{

(i) the initial momentum vertically upwards is; and
{ii) the momentum of the stone at its maximum height is

- -~ - -1
a) 0 b) 1kgms ' c) 2kgms ' d) 3kgms-' : e) 4kgms




g, A trolley with a mass of mkg, moves at a velocity of Vms™ !
A second identical trolley falls perpendicularly onto the first.

. ~1
The velocity of the two trolleys together is 3 Vms

=
:L1:) ™M 4<:):] —>

the momentum of the two trolleys together is :

a) mv b) m2v c¢) (mv)? d) imv e) imv

Work Energy Power :

The following information 1s applicable to question 6 and 7

3kg

0,5m

Tm

A boy pushes a brick with a mass of 3kg over a frictionless

( surface) table for 0,5m so that it falls to the ground as shown
in tﬁe figure.

The work done by the boy against gravity, is

a) 153 b)30J ¢)453 d) 903 e) zero

- 7. If the boy requires a force of 10 N to push the brick to the
end of the table, the work done by him will be
a) 1,53 b) 5 J c)10J3 d)20J) e)30J.

8. A boy who weighs 400N runs up a flight of stairs in four
minutes and stops at a point 60m vertically above the
starting point. His useful power output against gravity is :

a) 100 w b) 1000 w c) 60000 w d) 60 000 w e) 5x10‘W
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q, If E 1is the kinetienergy a given body acquires after travelling a
fixed distance under the action of a constant resultant force of
magnitude F, then:

a) E is proportional to F

b) E is proportional to 3 F
c) E is proportional to F?
d) E is proportional tod F

e) E is independent of F

10. A body falling freely from rest loses E- joules of gravitational
potential energy reaching a speed of vms~'. The mass of the body is

a) E/2qg b)EFv? c) 282 d)3g e) 2EV?

Newton's Laws :

11. The acceleration of a body with a mass of 4bkg, will be ams™?,

if a force of F acts on it. The force necesséry to accelerate
a mass of ‘bkg by 2 ams™? will be
a) 3F b) F  ¢) 2F d) 3F° e) 4F

12. When a motorcar quickly turns to the right, all the passengers
move to the left due to their
a) Inertia b) velocity c) speed d) kinetic energy
e) kinetic energy and speed.

The following information is applicable to questions 13 and 14.
The movement of the system in the below fig. is frictionless and

the mass of the cord is neglected.

T

30kg| 10kg




T

13.

14.

15.

Calculate the acceleration of the system.
a) 5Sms™? b) 25ms™ ¢) - Sms™? d) 10ms™? &) none of the

above.

The tension in the cord is
a) 300N b) 400N c) 100§ d) 150\ e) 200N

Two spheres A and B with masses of 20kg and 30kg are placed at
a distance of 0,3m apart which statement is true ?
a) B exerts the greater force thah A .
b) A exerts the greater force than B
c) The force between them is 200 x 107"n
d) The force between them is 200M
e) The force exerted by A on B equals the force exerted by
B on A.
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APPENDIX (iii)

Analysing the questions :

Pre — Test ( Impulse & Momentum )

Post - Test

1. Recall formula p = mv ) , 1.
'~ recognition of NS = kgms or ft = mv

where unit Ns = unit of P.

S 2. Velocities are in opposite directions 2.

- and change in velocity = the sum

of the magnitudes. Also a = Dt

3. Impulse = Ft = Dmv 3.
4.  momentum change -- formula 4.
».3;"..momentum change»': formulae 5.

Recall formula p = mv and

- ignore irrelevant information.

mv ( before = mv (after) = o
algebraic s-=n of mv's of
"bomb + cannon = o or magnitude

are'eqﬁal but opposite in

"direction.

mv (before) = mv (after).
(i) p = mv (simple use of)
(ii) at max L : V = - recall
mv (befgre) :rmv (after)

Work: Energy Power :

6. Recall w.d. = mgh = imv?. _ 6.
7. w.d. =mgh . - 3 ' 7

8. w.d. in moving each of horizontal 8.

distances of 0,5m from A to B, then

add to w.d. against gravity.to get
total. ' ' -
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wd = mgh (no w.d. against
gravity)
. w.d. = Fxs
Recall P = /t :
. - mah k
t_ )

change minutes into seconds
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Pre - test :

Post - test :

9. .% mv = mgh 9. w.d. = EK = F X S-
10. K :.%m\'/z 10. €K = imv?
v o 2v = mgh = Ep
Newtons' Laws.
11. Recall : E = ma 11 F = ma
' = b x 2a = 2ab = if

12. Inertia 12. Inertia

13. Newtons' third law 13. Newtons' second law
system of pulleys - find:
a (ms ? :

14.- T:‘mg - 14. T - mg = m3a

15. lniveréal'g}aQitational law of Newton 15, Universal gravitational :

law of Newton.
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APPENDIX (iv)

ANSWERS TO_PRE AND POST TEST

PRE—-TEST POST- TEST
1 P = mv ‘ 1. P=5x 10 x 200
= kg x ms = 10 x 10"
= kg ms—-!
2 A=v-u _ ’ ' 2. M_V_ = M,Vq
- 1000 kg x Ve = 20kg x 50ms’
= 50 — (-30) : Vc = 1000 ms -V
0,1 : 1000
= 50 - 30 - = Tms—!'
o,1: -~
3 P = mv o 3. xVms ™' = -4xV, ms -
' _ . _ 4x . 4x
V = 20/s : . Vgms /1._= vyms ™ 3
= 4ms-t i ’ -‘ . §
R -‘—‘_VB ::f"\s-
4 P =mv, +mu,- . 4. (i) P = mv = 1kg x 4m.s-f
= 1000kg x 2 ms +500kgx0 - : = 4 kgms -!
= 2000 kgms—' =~ - (ii) P = mv = 1kg x 0 .
o g : S -0 .
. - ) - !
5. They will both move in 5. : = mv
the original direction NE - 2mkg x 5V ms~"
of the skater. = mv ,
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PRE — TEST : POST — TEST
6. .ﬂl.—“ _ 6.
" “ho work done - | no work done against
against gravity - gravity
7 W = mgh 7. E=F xS
= 50 x 10 x 1 = 10n x 0,5
= 500 J =5
8. Ato1=25003. .- . . :8 I P=W=FXxS
' 1 to 2 10n x 1m = 10J ° ' t t
.2 ko3 10n x 0,5m = 543 : = 400n x 60
: : - 240 3
T =500 + 10 + 5 =5,543 = 100w :
_9.i"~1_;MV =mg'. 9. wd = F X S
V2 = mgh E =F x S
- 5 m EOF
Vo= [Zom |
10. FS = Smv. ) : o 10.- “E = mgh = E
o 2E = y,m (2v)? ' E = mgh = fimv#
2E. = yym 4v2 * . 2E = mv*
3 . \") vz
E = mv32
B "= mvx 4 1]D_mv 2E = m
. v
= JL mv* -
b R
11. F = ma - 11. M = 4Bbkg ; A =ams- ; F = 4ab
: = xkg x 30ms™- - : bkg ; A = 2 ams™* ; F = 2abn
= 30x kg ms—* : 2 abn is half 4 abn
= 300 x N- : CE = §F .
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PRE-TEST

12. mass

12.

POST-TEST

Inertia

13, 15 N

13.

The unbalanced force is
300n - 100n = 200n
A =f = 200n
mo 40kg
= 5ms. in the direction
of the 30kg mas

14. T mg 2
4kg x 10ms

40n

14.

mg = ma (for 10kg mass)

100n = 50n

150n (The tension the

string is the accelerating

force for the smaller mass
T OR

mg —T = ma (for 30kg mass

300n - T 150n '

T 150 n (mg — the
tension in the string is
the accelerating force to
the larger mass).

H a4
oo

15. ~The force exerted by

A on B equals the
force exerted by.
B on A

15.

89

The force exerted by A on B
equals the force exerted by
B on A. :
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(2)

(3)

(4)

(5)

(7)

o
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APPENDIX (v)

Intructions for Interviews

We are interested in the different ways that people solve
problems. We will not be '"scoring" your work in comparison with

others. We will simply be d=scribing the different methods people

use.

Try to think out loud as much as possible, describing your 1idesas

as thoroughly as you can. Our most common problem is not having

enough verbal data in the interview.

Take your time. There is no time limit. The full interview can be

used on one problem if necessary.

If you have conflicting ideas about a problem, try to explain

what the confliet 1is.

Number any equations or pictures you write so that we can refer to
}

them by number. - '

. Work down the page when possible.

Remember to say as much as you can about what you are thinking.

Be a good problem explore (listener)

Forget how you would solve the problem

Keep the problem solver thinking aloud.

If you do not understand what the Problem Solver is explaining,

ask questions. Types of questions that could be asked are.

1.
2.

What are you thinking about ?

Tell me that again can you draw a picture @f that ?

S0



. When you said X, what were you thinking?

4. Can you say more about that ?

~

Pointers

Avoid interrupting the subject.
Avoid excessive probing.
Avoid giving the subject clues as to the correctness of

answers?
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APPENDIX (vi )

FPROBLEMS T BE SoLVED

} Clock A keeps perfect time whereas clock B runs fast. When
clock A says 6 min have passed, clock B savs 8 min have passed.
How many minutes have really passed when clock B says 56 minutes

have passed?

9. A car travels 40km an hour and a plane travels 10km a minute. How

far will the car travel while the plane travels 450km?

A man runs Tkm in 10min and a car goes 50km an hour. At these rate,

w

how far>doés_the man go when the car goes 150km?

4 Jim's weekly incomz is R100.00 iess than tripple John's weekly inzome.
Huey's weekly inzome is R20.00 more than double John's weekly 1ncome.

~ Huey's income is R120.00. What is Jim's 1ncom=?
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a

“1.

The bob of a pendulum moves from rest through a vertical distance

h in swinging freely from & point P to 1ts lowest point. The

speed V of the bob at 1ts lowest point will be :

~

The P.D. between two parallel plates X and Y, situated in a
vacuum, 1s V and the distance between them is D. A body of mass

M and charge q is situated midway between X and Y. What will be
the field strength at the body?

A spacecraft of mess M is moving with velocity V in free
space when r‘explodﬁs and breaks into two. After the exp1051on a
mass M of the spacecraft remains stationary. What is the velocity

oi other part?-

A force F is necessary to accelerate a mass of 4x to ams~?. What

force is required to accelerate a mass x to 2 ams™?.

) “+
If the crane operator receives 10 cents for a unit of 10 W, his

2arnings in 60 seconds will be what 2

a3



12,

. When a current of 1 ampere is passed through a resistor, w joules

of thermal energy is releasesd in a certain time. When the current

.is doubled, find the energy released during the same time ( assuming¥

the resistance remains constant ).

An electric motor does work at a rate of 1,Zkw. In one minute it does

an amount of work, in joules of?

-

Two identical parallel conductors in ot exerts forces of magnitude
F on each other when carrying the samz current. If the current in
each is doubled - and the distance between the two conductors trebled,

calculate the magnitude of the new force each conductors exerts on ‘the

other.



13. lhe kinetic enerqy of a body travelling at a certain speed 15 E.
What will be the kinetic energy of a bodv with half the mass and

and travelling at twice the speed?

~

P

14_' A train left Durbhan headed west at the speed of'ﬂlkm per hngt.-
At the same twme the following dav. anather . train left Dycban~
headed west on the same track at a0km per hour. [t both trains
proceed at a unitarm speed. how many days wtll 1t take the second

train to catch up to the first?

15. - Consider the following and then answer the questions.

The resistance of the ammeter is negligible.

VW
Calculate the R¢=RD5L

(a) Combined p.d. across R, and R2
(b) p.d. across Ry and R3

(cl Value of Rl
(d) Current through Rl



{b. A small positive test change T 1s placed at a point & of the

distance between two equal positive point charge being nearer to

A.
Ak 7 8 o

L | 1 4 A

17 the maanituce of the force exerted by A on the ‘est charge 1is

F, what will be the magnitude of the ftorce exerted by B on the test

”~

charge

I, The dizcram selow shows a scuare field with sides 10m. A person
O C. in 40 seconds.

ks arcund cha perimeter frocm A to D via. 8 and C,

~

fore

wa
What 1

Ate 0. :in 232 ) } Y

1s tne magnituce of his average velocity for displacement from

_—

k. 1f L stands for a legth unit. 7 for a time unit and M for a mass unit,

then the units for energy would be what ?
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APPENDIX (vii)

Suggestions for Tape Analysis

1. Content Area

1) Error pattern/conceptual difficulty
What errors does the subject make ?
Is the error a " slip " or is it systematic?

Why do you think the subject made such an error?

2) Is there any segment of the tape which tells you something
about the subject (attitude, behaviour etc), or about the

problem sclving technique, that you are interested in?
1. Evidences

1) Can you find other sections of the tape that support your
interpretation or explanation of the nature and source of the

error/phenomenon?

2) Do you think the error is peculiar to this person or is it common

to a lot of people? :

111. Evaluation

1) As an interview, what difficulties have you had? Is there
anything that you should have (or have not) don= during the
interview?

2) Do you have a better understanding about the error pattern/
phenomenon now? Do you think it has helped your understanding

about your students as well?

3) Have you learned anything that you can bring back to your own

classrooms? Can you think of any teaching strategy to address

the error?
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APPENDIX (viii)

Test item readability checklist..

Rate the questions using the following system:

S-- excelient
j__-4 - good
nxé-;:ééeaggte..
2 - paor
1 —vuﬁacéeptable
na - nét applicable o .

i
' ]
awes ekpérience and prior knowledge

‘... appropriate vacabulary

 ,,,.»ap§r6priate sentence cémplexity

:'*ff-g};Ftlear and understandable definitions and examples . .

..-. reasoning skills appropriate for student’ cognitive level
.... content clearly organized
R . g 3

1;.31‘c1ear1y framed questions
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Appendix (1ix)
TEST SCORES

SHOOL 1 EXPERIMENTAL GROUP

NAME PRE-TEST (%) POST-TEST (%)
1. BEAUTY 14 ' 36
2. PATIENCE 10 46
3. GABRY 54 _ 80
4. GODFREY 32 56
5. DELIA 20 58
&. JABU 38 . 50
7. TIM 30 60
8. Jay 46 . se
9. CYRIL - 42 74
10. VIV 28 .30
11. REJOICE 48 ' 68
12. RICH 18 . 40
13. PETROS 70 © 80
14. CECIL 48 46
AVERAGE : 35 % 56,9 %
. 13 GAINS 1 LOSS

SHOOL 1 CONTROL GROUP

NAME PRE-TEST (%) POST-TEST (%)

1. ALEC 20 12
2. CYRIL 48 46
3. ELVIS : S6 a2
4. JOE 68 36
3. GRACE 22 a2
6. NOMA 36 32
7. JOSEPH 32 : 26
8. PAT 48 32
9 . NOMSA 30 34
10. CAT 28 28
11. LENN 46 32
AVERAGE : 38,7 % 33,8 “%

1 Gain 8 Losses 2 No change
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SCcHOOoL 2

NAME PRE-TEST (%) POST-TEST (%)
1. VERO 40 63
2. ELL 14 -9a
3. PHIL 37 . 57
4. FLOR 50 50
5. CLAUT 30 43
6. INNO 60 86
7. ALBERT ' 32 a7 |
8. GRACIE 40 43
9. WELLI 45 71
10.PAT 32 56
11. VINCENT 40 46
12 .JONES 30 29
13. ELVIS 50 ' 71
14. ERNEST 30 43 .-
15. GCWA 40 65 .
16. BLESS 40 S0
17. SAM : S0 86 .
18. OBED 43 71
19. PAUL 20 : 43
20. SIBU a2s S7
AVERAGE : 37,3 % 57,2 %
18 GAINS 1 LOSS 1 NO CHANGE
SCHooL 3
NAME o PRE-TEST (%) POST~-TEST (%)
1. GLORIA 56 62
2. MERC 62 70
3. NIC 54 66
4. LUCK 40 40
5. PAT 42 42
6. ARTHUR 36 &0
7. QUEEN 18 56
8. PAM 18 48
9. TOM se 62
10. BESS 28 Sé6
11. PHYLL 28 S0
12. EDISON 14 &0
AVERAGE : 37,3 % S6 %
10 GAINS 2 UNCHANGED .
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APPENDIX (X)

Time
by 2 min
————— » Sé& min
————— » 24 min
have pas=ed
—————— roCavr
—————— » a gplane
—————— ¥ I0#m/min x N
—————— » £5C km
—————— » 10km/1 min x &0 min
min ————-— B i0rRm/mnin
——————— » LE30 km
= x 10km. G,017
= 10 km . 0,017
430km
% = 1800km?
0,17 km
<« = 05,8 x 10 km
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Subject 1:

Same difficulty with subject 1 cf group 3 & subject 1 of group 2.

Conceptual difficulty

X

The subject thinks that the difference in
e.g. i1f clock B i1s B min past and clock A
clock B 1s faster than clock A by 2 min.

min have passed the 54 min have passed 1in

this error 1is systematic which shows that
comprehencsicn.

this preblem 1s common to oither groups

102

time 1is constant

is 6 min past then
So if in clock B Sé
clock A

there 1s a lack of



EROUP__2
SUBJELCT 1 : A b
6 min 8 mnin
56 min
6 min 8 min
B — 2 min
8 min — 2 min
6 min -
B
S6 min
56 _
B - 2 min
56 min ~ 2 min
S mih -

real time.

SUBJECT__2 : A — 40 Km m

40 km 60s

R = 10 km in 1 min 60s
= 10 km in 60s
A=n = akm X 1h

10km X 60s

= 4km (12 X 60s)

= 600

dkm X 720

103
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SUBJECT I::

i)

SUBJECT 2:

ANALYSIS - . -1;;4'

.. Sub ject 1 has conceptual difficulty.

« = . “his/her errar is .. systematic, that is,

throughout ‘the :problem she maintained that
the difference in time is constant.

(same difficulty -with subject 1 of group 3)

have "aintechnicél-_difficulty, have difficulty in
-converting minutes into seconds in a ‘correct

manner but he knows %hat 1" min - 60s.

the subject ‘writes <dkm instead of 40 km and

"contineu with that. error.

he also have conceptual diffiéulty. ie. he could

not understand:-the probiem.

EEAEERT I
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&
1
3
2
3

DD

nm

t clock 4 be
= 946 min
- A
in - 6 min
2 min P
= 7
56 min - 2 min
= 34 min
A = 54 min
biect 2
= 40kmh car !
= 10kmh plane
= 7
450km ———————— » plane
t = 60 sec
SOkmb
= can while the P. travels
= 'ég t2 :
= % 9.,8m32 x (&0) 2
= 4,9m52 x 3600 52 = 17640m
Digtance travelled by the
= 40kmh P.
40km = 3600 sec
T
eod A = distance fravol
{ime taien
= 40km x 260G
&0
= 164000
50
= 240km ————»
.. A travels 250 um.

Tloviz 2032
8 in
94 min
= 2 min
4S5 hm
car 1s 174640m
= 1i0km minute
10km = 560
diztarce 45Ckm
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Grewez

44
0
0n

n

difficuliy

ua .

Concept

e
Lo

me 1is caonstan

1

T

in

then

Sub ject

it

where

rmula

]

£~
RS

ucse a

+~
it

I'n

1

4]

Sub jec ®

id

shoutl

that 1t

T
]
1l

i
e
Q

1y

O mu

0

1]l
1]
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SUBRJECT 1:

Clock A 6min — Clock B 8min
, Clock A Xmin =~ - Clock B Semin
| X - 6 X 356 |
8
- 42min

SURJECT 2:

Car 50km — 60min

Man 1km — 10min ,.\"% 1

Car 150km - @, 60min

) Man X — 3.10min
~ . x = 150X gomin T .
180min
- 2Skm

ZCar Q,66km/min — 10km/min

X — 450km/min
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1h

Jim’ s weekly 1ncome SIO0

R300,00. Hueys 's we

Jims weekly incomz x

" " L1 1

He haes difficultiecs in putiin
2

Jims  weekly income is =100

‘Hueys" income 1s R20,00 than

Hueys’ real income ---———————-—

Johr's income

Tripps;e Jochns ' inccme

Jims’ ™ income

.. dims’ i1ncome i<

Jims’ ' income weekly R:13C,00

Hueys’' i1ncome is RizZ% .00

Subisct |

He has difficultises ir ouitin

3. R1CG0 for the =srter-cz: =

inccme.

wesi Ly incoms
R3C0,20 + RZQ -
ly 1nccme

‘ R120,00

‘.

C wCrZs Intc symbois =.g.
douzl=z John's weekly
» 2120
SO o« 3
= RIZ0
%150.00
IGD .00
= 3G.00
R50.G0
g wIrcsinio symboic. eo.g.
S20 i=es than tripole John
.

10¢&

[

N

00,00
Qo

A
o~
(ol

-
c

ne wr iteg
= weekly
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2)

1

o

1)

=

r Newtons Sec. Law of

rying the system of pul-

Students used & formuliz Tg
Mcolon Instead OF a:506 sSpPO
ieve.

Petros (esp group! cob the problem right though he
dic not use the sysitemaiic aporoach to solving the
protiem.

F = 300N + 100 N

= 200 N
The total mass of the system 1s &40C kg.

= 200 N = 40kg x a

a = Sm3:? {(In the ZJirectign cf the 30 kg oblJect)
Pupils here used the formula - = ma = 20x10.
T = mg; Cthers just wrote d as an answer. I

think here 1t was mcre cf a Quess work.

Pupils Ffailed tc cenceptualize the problem
adequately 1.2. could not recognlze that the ten-
sicn :n the string is the a&accelerating force.
(1.e. T — mg = ma).
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Guestions

No :

Generally

2
=

1)
11

111)

not improved by conirol graucs.

n |

<
I
= -n 3
1
<

-
i
!
ps

<

3

o
1t
in}
<

Written by students

Failure to conceptualize the problem adequately
Can 't see where they got £ arnd 20
There was no confidsnce in sciving the problem

Specifically
Joseph Nkosi got the problem right:—

No

No

i1

i)
i1i)

1iz)

iv)

1)

i1)

Mb = m Vb = Vm3
Ma = 4m Va = x
Pa = Mv Pb = MV
4m  xmS = MV m3
X MmO = MYms
4m
X = 4V
Momentum of both = %mv : %mv?

They used a wrong formula which is not for momentum but
for:enérgy bmv 2.,

Mostly seemed not to undersiand the concept of F.
Guessing was used.

Patrick Mabaso got right the first part but did hot
attempt the second part cf the problem.

g = mv

= 1kg x &4m3S

= &LkgmZ
The formula used is W = mgh
They could not realize that there 1s no work done by
the bcy if the brick fallis freeiy fc the ground.
They could aniy think of the farmulz for work thinking
that the date given should £e vesd '
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L2

i21?

v}

ii)

Noc 132

i
No 1
No 1S5

i11)

11)

F = 4 Dbkg 2m32 = =F
- = 4phg < amSEt = ZF
bhg Zemte

F - F = 4ab\ + cach = satch
FPupils did not uncerstand the
a =32 = 0,c2

20
I can’'t se=s wheres itrev got &S

1t seemed students had no conf

problem.
Elvis Khumaic used ithe formula
F = mg
The resultant mase that is fal
.. W 20 kg x 10m3:2
= 200N
a = E (acceleraticn of the
m
= 200 N
(30+10) kg
= 9m32
Formula used was 7T = mg = 40 x
They decided to usz this formu
correct in the gre-~test.
Guess work
FN m,m2/r:2 5 = Gm, m2
2
This shaws =z gorccism of relyin
where it is not nszcessary.
They failec tc recogrnize that

stated differentiy.

112

crobiem adeguately.

idence in solving this

ling 20 kg.
sysitam}

i0

la because 1t was

g7 using the formuls even

this 1s Mewtons

third Law
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