THE UNIVERSITY OF HULL

A STUDY OF CHILDREN'S MISCONCEPTIONS IN SCIENCE
AND THE EFFECTIVENESS OF A RELATED PROGRAMME
OF TEACHER TRAINING IN PAKISTAN

being a Thesig submitted for the Degree of
Doctor of‘Philosophy
in the University of Hull
by

MUHAMMAD ZAFAR IQBAL

B.Scey M.Sc. (Phys.), M.A. Edu. (PunJabdb)
M.Ed. (Hull) |

July, 1985,



P EDJCATION
e LY Looe

Summary of Thesis submitted for Ph. D. degree
by Muhammad Zafar Igbal
on
A Study of Children's Misconceptions in Science and the Effectiveness of a

Related Programme of Teacher Training in Pakistan.

The study comprised an investigation of children's misconceptions
in science with the intention this should provide a base for further research
linked to a wider programme of the improvement of science education in

Pakistan,

The investigation was carried out on the concepts of Force, Energy,

Light, Work, and Electric Current using Interview-About-Instances approach,

It was discovered that children in Pakistan hold misconceptions similar to
those held by children in other parts of the world. Then, three groups of
science teachers were tested in the concept Force after giving them
different levels of information about students' misconceptions. It was found
that science teachers also hold misconceptions and performance of the three
groups was almost equal on the test.

Next, the teachers of the sample students were trained.to reteach

three concepts: Force, Energy, and Light. After re-teaching, students were

retested using both IAI and multiple-choice instruments. The results showed
that pupils' misconceptions persist despite re-teaching.

Then, in order to confirm or refute these results more widely, a
larger number of teachers and students were involved. The purpose of this
part of the study was to discover if in-depth teacher training can lead to
more effective teaching. A special teacher training programme was developed.
The selected teachers were randomly distributed into three groups. - Group
A was given in-depth training, whilst group B was given simple training.

Group C served as a control group. After training, teachers retaught the

concepts Force, Energy and Light in their own schools. Students were

tested using multiple choice tests.



It was found that group A was significantly different from groups
B and C together only in one subset of test items in the concept Egzgg.
Also, the mean scores of students in group A in each test were found to be
higher than those of students in groups B and C. From these results it is
argued that programmes can be organised for the training of science teachers
to tackle effectively problems arising from children's misconceptions.
Finally, the study proposes a research project with an overall purpose of

improvement of science education in Pakistan.
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INTRODUCTION



CHAPTER 1
INTRODUCTION

4141, SCIENCZ AND NATIONAL DEVELOPMENT

Among the controllable factors that influence the
growth and development of a natioofl S8cience Education is
possibly the most important. Scieoce in its various forms,
represents a way of acquiring and organizing knowledge that
contributes significantly to the cultural and intellectual
development of a society. Also Science Education provides
a sound base for subsequent scientific research and
technological development.

Every one of us is aware of the increasing role
plajed by science and technology in the well being of man
and his future. The industrial revolutien, that the |
present aée has ﬁitnessed, is the result of the co-ordinated
efroros of scientists and technologists, Science has not
only revolutionised man's environment, but has also
immensel& influenced his thinking. In fact, present day
civilization is a direct consequence of the advancement of
science and the scientific method, |

The application of science and technology has
transformed societiesg -has stabilised economiesF has raised
the standard of life ahd living; has provided sarety and
security and obove all has given a sense of dignity and '
honour to the nations of the world.k It.haslnow become
immensely clear that the natione. which have used aoience

and its methodology for their development. are today the



mbre prosperous, the more affluent and the more advanced
nations of the world, while the nations, which have not
pursued the pgth of science, have remained poor, insecure
and under-developed,

Pakistan needs a strong base of science and
technology'from which to attack and to solve its problems
of food and shelter, fuel and energy, health and security,
the:exploitation of natural resources and the boosting of
agricultural and industrial production, The use of science
and technology for development, as well as successful
technology transfer depend on an adequate and effective
scientific and technological inrrastruétu;e. For a
self-reliant future, therefore, it is necessary that we, in
A?akistan, develop scientific capability and research
potential, to be able to solve our problems by ourselves,
We must create working conditions and facilities where our
own scientists and technologists are encouraged and motivated
to tackle problems of national importance and urgency.

According to Kazi:(1986). there are three important
elements for an effective scientific and technologicai
inrrastructﬁre in any developing country.‘ Firstly, it should
have laboratories where basic and applied research can be
done on vital areas of national development. Secondly it
should have at least the critical number of Qéll-qualiried
scientists and technologists and the tréiﬁing facilities for
the continuous production of such manpower. Thirdly, it
should have the capacity to use and co-ordinate the f£indings

of research and development and to make a proper selection



of suitable technologies. Once these three elements of
the infrastructure are integrated into the production
system of the country, it will have the capability to
produce technological innovations necessary for the special
needs and requirements of the country. For Pakistan, the
implication of Kazi's elements are clear, we can acquire
and adapt the imported technologies only if we have our own
national training and upgrading centres, research institutes
and tgchnology units to provide the skilled manpower needed
for all three infrastructure components.

~ Successful and satisfying modern living demands
that its citizens should understand and appreciate the part
played by science and technology in the developﬁent of
modern civilization. In a democratic society, citizens need
to understand the scientific aspect of their environments
and who know with assurance how scientiric discoveries,
sclentific methods and technological asdvances have affected
- the séciety and how the needs of society have constantly
stimulated scientific research. Popularisatiﬁn of science
and scientific method, therefore, is a pre-requisite for
scientific and technological revolution in a developing
country. Making the whole population aware of the benefits
of science and technology is imperative and effort must be
made to make the Pakistani citizens science minded and
science conscious, to be abie to appreciate the impaect of
science and technology on their life and living. - Hence,
more vigorous and extensive steps will have to be taken
“for the wider diésemination of knowledge or,sciehce and

technology in the country.



Again, development in economic spheres can be
made only if a systematic emphasis is laid right from the
beginning on science education at various levels of our
educational system. It is obvious that the demand of an
effective science education cannot be met by simple
extension of the trends and practices of the past decades,
There is urgent need for serious rethinking and
reconside:ing of the form and the content of science
education in the country. An appraisal has to be taken of
the newly emerging problems and new programmes designed in
response to the requirements of the nation, The new demands
of Agriculture, Industry, Trade, Commerce, Engineering, and
'ﬁédicine must be considered seriously by the course designers.
It is, therefore, absolutely esseqtial that the system must
be reorganized and reshaped. The reorganized and reshaped
system must be fully equipped to execute effectively the
needs implied by the future obdectives of the country.

As it is widely recognised that science education
occupies an important ﬁlace in the economic and manpbwef
development of a country, it is needless to emphasise that
our national survival, bbth in terms of economy and defence
potential, depends in large part on the kind of science
education we provide to our children. Although, national
development is interpreted as nationai economic development,
yetlwe know that ecopomic development, in addition to
scientific and technological aspects of national growth, is
atrohgly wedged into ideological, ethicﬁl and social |

moorings of a nation. All these elements enter into the



initiation and preparation of a viable educational process,
This leads us to the notion that science and technology,
national ideology, economic development, and the total
education process work are interrelated parts of the total

system,

1.2. SCIENCE EDUCATION IN THE CURRICULUM

Science Education is regarded by Renner and
Ragan (1968) as a process involving two major factors.

One of these factors is children—-children with great
potentialities, with unbound curiosity. and with restless
enérgj. The other factor is the broad field of science,
wéiting to be explored and understood and used for the
enrichment of people's'lives. The science curriculum is
the instrument used to bring these two factors together in
achieving the purposes of science education. If we think

of science education‘as a Journey which the teacher and
the pupils taske in the areas of science, the achievement of
objectiveé ié'the destihétion and the science curriculum is
the vehicle.

Science is nof simply a body of knowledge; more
significantly it is also a way of thinking and doing, a mode
of looking at thihgé'and events and also a strategy of
learning how to learn., The teaching of qci@nce‘ié avpdwertul
means ror'déveloping'an éttitude of critical inquiry;'J |
adaptability and the habit of systemétic and hardwork which
underlie the creative process of change. The teaching of

science, broadly, serves two purposes: Pirst, it is a



cultural and educational discipline, cultivating in the
learner, the understanding and the insight of a phenomenum
and scientific mode of comprehending it. It is therefore,
an essential element of general education. The second
purpose is to prepare future scientists and technologists
by training young people in the fundamental principles,
which govern scientific and technologicsl activities.,

Science as a subject serves two distinctive
purposes in the school curriculum, PFirst, the school
curriculum provides means whereby young people can learn to
appreciate and understand important aspects of the culture
they inherit and make their own society in which they will
have to function both individually and corporately, and the
world in which they will live through their adult lives.
Formal sdhooling is an importantspart of this process of
individual growth and development, and science education
makes a major contribution to the totality of the individual's
general education. Secondly, the school curriculum provides
means whereby young people can prepare themselves for more
advanced and longer term studies of those aspects of
knowledge and experience that interest and excite them as
individuals.

In the Policy Statement of the Association for
Science Education (1981), the Association argues that in
planning and developinz the science curriculum teackers end
others should note that science should be explored from the

viewpoint of:



i)  Science as_an intellectual discipline: the

pursuit of scientific knowledge as &n end in
itself which leads to an understanding of the
essential principles and processes of science
and allied disciplines,

ii) Science 8s a cultural activity: the more

generalized pursuit of scientific knowledge and
culture that takcs account of the history,
philosophy and social implications of scientific
activities; and therefore leads to an understanding
.of the contribution science and technology make

to soclety and thc world of ideas,

i1i1) Science and its applications: the development of

an appréciation and understanding of the ways in
which science and technology contribute to the
world of work, citizenship. leisure and survival,
This aspect includes an understanding oi the way
in which scientific and technologicai ideas are
used to create and maintain an economic surplua.
facilitate participation in democratic decision
making in a technological society, enrich ‘and
sustain a wide range of leisure activities and
pursuits, and enable the indi?iduai to utiliza“
scientific ideas and/technologicai processes in
the context of ihcreasing démand fcr seif-surficiency,
the conservation of resources and the utilization

of alternative technologies,



The Association has further emphasized that the
science curriculum should reflect each of the above
contexts if it is to make an effective contribution to
general education, prepare young people for their adult
life in the community at large, and form a satisfactory base
for post school education in science, engineering and

technology.

1.%. THS GROWTH OF SCIZNCE EDUCATION IN PAKISTAN

At the time of independence in 1947, Pakistan did
not inherit a strong background in science and technologye.
Séience teaching at the primary level (age range 5'-- 10%)
was almost absent. Middle school classes (age range
10*-f 13*) had a weak cémponent of science in the
curriculum. Secondary (age range 13%-- 15%) and higher
secondary (age range 15% e 17%) -stages had science subdects‘
in the form of Physics and Chemistry at the secondary level
and Physics, Chemistry, Botany and 2oology at the higher
seébndary level, Science was elective at these’stases.

The courses taught were content heavy with a very weak
component of practical work. Tbis was concerned only with
the verification of pre-taught facts and physical properties
of the materials, Those'engéged in the teaching of science
were themselves ortenblacking in their knowledge of science.

In spite of some early conferences to consider
the state of education in Pakistan, there was practically

no ghange in the pattern and organization'of'édience



education in the cduntry. Science Education as a distinct
area was never recognized probably because this concept
never emerged in the minds of the planners,
The first noticeable change in the pattern of
‘science teaching came about when the need for continuing
instrucfion in science for all those students who did not
study elective science from grade 9 was recognised. This
era starts from 1959, |
» A report of the National Commission on Education
published in 1959 and subsequent policies of the
Government of Pakistan can be seen as recognising the need
for and importance of a viable science and technology
education in the country. Worldwide changes in science
education starting in the late fifties received attention
by the Pskistani science educators in the mid sixties when
a massive curricular change was undertaken in the field of
science.
A clear cut policy statement by the Government of
Pakistan linking science and technology education with
socio-economic development, appeared for the first time in
the National Education Policy stating thus:
'To promote and propagate scientifiec
and technological training and research
in the country and to use this knowledge
Thereby eREURing 8 Self-Teiiant aed rnonte
future for the nation.' (Pakistan Ministry
of Education, 1978).
Following this recognition that science education
Plays a vital réle in national development, it was decided
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in 1978 that a National Centre for Science Education would
be established to promote and popularise science and
technology among'the general population through science
fairs, museums, films, etec, The Centre would also imprbve
science teaching through research and innovation. It was
further coh;eived that one Science Education Centre would
be establihhed in each province in association with one of
the universities (Pakistan Ministry of Education, 1978).

In order to over-come long standing deficiencies .
and problems in the teaching of science and to establish
these centres a comprehensive and long-term Science
Education Project has since been developed. Thé project
has the following obJectives:

1. To provide physical facilities such as science
rooms, science laboratories, equipment and
furniture to selected middle and secondary
schools where such facilities do not exist.

2e To establish the necessary inrrastructure_both
at federal and provinciai 1evela in order to
coordinate research based development efforts

.in science education and to provide continuity
in policy and direction in science education
on long term basis, |

3 To provide in-service training for éli middle
and secondary school science teachers‘and

" supervisors and to train high level professional

manpower in science education,
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4, To develop modern science curricula, hppropriate
teaching learning packages for science teachers,
innovative equipment and experimental activities
for students and test new assessment procedures
for student learning relevant to the needs of
Pakistan and in keeping with modern trends in
Science Education., (Pakistan Ministry of
Education, 1986),

One of the most significant aspects of this
project is the establishment of an Institute for the
Promotion of Science Education and Training (IPSIT) in
Islamabad having three aims. First, to coordinate and
monitor science education improvement efforts; .secondly.
to promote research-based development in science education;
and thirdly to provide a sound basis for the continuity of
policy and direction so as to ensure continued growtﬁ and
development on & long term basis. This Institute alongwith
a network of science education centres will undertake
research based development of science curricula, texf-books.
teachers' guides, teacher training programmes and modules
for teachers and inquiry oriented activities for children.
It will also develop new assessment procedures for science
education, including tests for measurement of understanding,

comprehension, scientific attitudes and science process
8kills.
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1.4, RESOURCES FOR SCIENCE TEACHING

The growth and development of & country depends
very much on the quality of education in general and
- science education in particular. The quality of science
education depends upon many factors; those which are the
most important are: 1) text-books 2) teaching methods,
3) teachef's own knowledge of the subjJect matter, and
4) teacher training, Unless all of thesé areas are of the
proper composition and quality or importance it is doubtful
that science education can have the impact and beneficial
outcomes that are so much needed. Some indication of the

problems under these four headings will now be given.

1+4.1, TEXT-BOOKS

" In Pakistan, the teaching and learning of science
in secondary schools takes place mostly through books.
Text-books are the most widely used teaching aids and serve
also to provide background reesding material. Not only do
students use the books frequently, but their teachers also
rely heavily on the same text-books for information and
teaching guidance.

These text-books are not of good quality as far

as their role as a teaching aid is concerned. Too many

facts are given mostly in general form without much account

of their appl;cations. Also, concepts are given in general

form without extra pains being taken to reduce such

explanations to language easily understood by the students.

x

<,
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Although students depend almost totally on the text-book
explanations, these books, because of the inadequate
presentation of explanations, do not make things clear to
“them, Most of the topics aré treated father superficially
and with misplaced emphasis. Explanations are rarely
accompanied with examples from the common experience of the
students.

Generally, everywhere and particularly in
Pakistan, text-books serve as the best guide to what is
taught in schools. Barrass (1984) stresses that for this
reason science educators should feel concerned if text-books
for introductory courses contain mistekes (errors),
misunderstandings (mis-interpretations of facts) and
misconceptions (mis-leading ideas). He c¢laims that some
established textébéoks of biology contain obvious mistakes
and gives 15 examples of errors, misconceptions and
mis-understandings. . v 7 | _

After looking into the faults pointed out by
Barrass, the researcher feels that physics text-books might
not be very different and may contain many faults, From
a brief perusal it seems that in Pakistan also, physics
text-books have evident conceptual ahd linguistic mistakes,
This might be confirmed by undertaking some evaluative
studies on the existing text-books. It is not unlikely
that, as Ivowi (1984) claims, misconceptions in studenté
can be easily traced back to science text~books., For
example, in some text-books the impression is givén‘tﬁat

uniform motion involves only motion with constant accelaratioh‘
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The case of a body moving in such a way that its velocity
is constant is described in such books as 'a body moving
with constant velocity' as if it were not moving
uniformly. Ivowi (1984) argues that the misunderstanding
of this special case of a uniform motion leads to a
misconception about the case of zero velocity.

Similarly, in waves, the distinction between
" transverse and longitudinal waves is often improperly
- gtated because of the misconception about the response of
a medium to a disturbance passing through it. If this is
the situation, then as Barrass (1984) argués:

'Pupils rely on text-books, which are
used as teaching alds and to provide
accurate information and background
reading when the teacher is not available
(also, when the teacher is available, in
Pakistan). They are likely to think that
all the new words, which they are expected
to learn and understand, are necessary for
a proper understanding of biology (and also
other sciences). Unfortunately, the pupils
are ‘being misled.' :

Moreover, pupils are also likely to’believe
literally what they read in their text-books. They expect
science text-books to be scientific and accurate. When
text-books treat topics rather superficially or with
misplaced emphasis, or contain errors, then dependence on
such textbook explanations does not make things clearer to
the students (Ivowi, 1984).

Science textbooks with errors serve as deficiént

teaching aids., Ausubel et al (1978, p. 375) argue that:

.
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'"The deficiencies frequently ascribed
to textbooks are not really inherent in
the medium itself but reflect, rather,
deficiencies that are common to all
inadequately prepared instructional materials,
such as lack of lucidity, ineffective
communication, inappropriate level of _
sophistication, and absence of explanatory
and integrative ideas., Relatively few
textbooks have ever been written that take
into account consideration such as
progressive differentiation, integrative
reconciliation, sequentiality of
subject-matter content, and use of
organisers,’

1.4.2, TEACHING METHODS -

Most science teaching in Pakistan is content
oriented and is dominated by the lecture method. Teaching
is done by the teachers authoritatively.r There are very
few demonstrations with the teacher always 'telling' and
the students always 'listening' passively, almost no
dialogue takes piacevbetween the te;chér and the students,
This kind of feaching and learning encourages rote-learning
on the part‘or students without understanding of science
éonceﬁts. | V

' This situation prevails despite the fact that
the science syllabuses claim to emphasise the acquisifion
of process skills such as hypothesising}'aystematic
observation, objective evaluation of evidence and the like.
This mismatch between'aiﬁs of sciénce‘teaching'and actual
classroom teachihg pradtibes mighf be due to the sdarcity
of resource materials, and also to the fact that it is

probably easier to organise a content oriented lesson than
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toAprovide practical experience such that each member of
the class can develop scientific skills, It may be due
to the fact that teachers either do not appreciate the
significance of these skills or do not know how to teach

them,

1¢4+3+ KNOWLEDGE OF SUBJECT-MATTER

Teachers constitute an important variable in
the learning process. As Ausubel et al (1978, p. 498)
afguoijf)it does make a difference from a cognitive
~standpoint how comprehensive and cogent is the teacher's
grasp of his or her subject-matter., His second point is
that quite independently of his or her adequacy in this
regard, the teacher may more or less be able to present
and organise subject matter clearly, to explain idess
lucidly and incisively, and to manipulate effectively the
important var;ables affecting learning, Thirdly in
communicating with pupils, the teacher may be more or less
capaole of translating his or her knowledge in a form
appropriate for the pupils' degree of cognitive maturity
and subdect matter sophistication.

It is self-evident that teachers cannot furnish
adequate feedbaok to students or clerify ambipuities and
miscohceptions unless they have a meaningful and adequately
organized grasp of the subject being taught'(Ausubol ete.
al. 1978, p. 502). o | |

Researches in other parts of the world report
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the existence of teachers' inconsistent and naive beliefs
(See Section 6.1, Chapter VI). In other words, science
teachers generally do not have a completely accurate view
of the subject matter they are teaching, and consequently
their performance will be less than wholly satisfactory
in the science classroom or laboratory.

The teachers' knowledge of his subject matter
interacts with the science curriculum and its materials.as
he or she prepares for teaching. The resultant is the
viewpoint presented by the teacher to the pupils. This
resultant may be very far from a true (i.e. a scientist's)
View of science and may be sufficiently vague or erroneous

to inhibit future leafning and understanding by the pupils,

1.4.,4, TEACHER TRAINING

fhe teacher's proressional‘role in the educational
system is vital, because of his direct involvement in many
éctivities béyénd thé classroom, suchkas curriculum
dévelopment, text-book writing. examinations, etc, This
role of the teaéher is realized by the Pakistan Government,

as is clear from the following statement:

'The educational system of any country
hinges on the teacher, who occupies a
pivotal position in its evolution., But
unlees he iz made conversant with the
latest educational developments and
provided uptodate training facilities,
proper introduction of new curricula and
the implementation of the Education Policy
is not possible.': R :

 (Pekistan Ministry of Education, 1977)
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Worthwhile training of teachers requires sound
teacher training programmes. The scope of the science
teacher training progrémmes in Pakistan is limited both
quantitatively and qualitatively. Only one Institute in
the country, i.e. Institute of Education and Research,
PunjJab University. Lahore, has been offering science
education as an area of specialization in its postgraduate
degree programmes since 1971, Recently, this Inatitute
has started offering fulfledged master degree programmes
in science education both for in-se:vice and prospective
science teachers,

‘ Colleges of Education in the country‘orrer
Bachelor degree programmes in teacher education. These
programmes include general professional courses common for
all the trainees with only two elective courses in pedagogy
for school subjects including physics, chemistry, biology
and general science. As a matter of fact, the'professional
training the prospective science teachers receive is not
different from those being trained for the teaching of
subJects other than science, The result is that the
prospective écience teachers do not acqnire the competencies
necessary for their later role in the science classroom
and the science laboratory.

Moreover, the teacher training programmes in the
country are more theoretical than practical. These
programmes seldom mske the teachers competent to apply the
ideas they get during training. A trained teacher often
finds that what he learnt during his/her training was not
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applicable in the classroom., This is because teacher
training programmes have been planned without keeping in
mind the problems and difficulties faced by the teachers
in the classroom situations,

Generally spesking, the overall science teaching,
curriculum development and teacher training are based on the
assumption called 'Tabula Rasa' (Fensham, 1980) in which
it is believed that children come to school with blank
minds and they have no idea whatsoever about the topics
to be taught in the classroom. Moreover, it is believed
that whatever the child is told by the teacher in the
classroom is spontaneously learnt by them without any
difficulty or problem,

_ | The whole system revolves around this assumption,
The overall planning of teacher training courses ignores
the children, their ideas, and their cognitive levels of
understandins} The programme of specializafion in Science
.Education mentioned earlier, no doubt realizes the
~ importance of scientific knowledge and the teaching skills
required by the science teachers for their later role in
the classroom teaching, but in practice, this programme
is also based on the same invalid psychological assumption
and needs revision.

Even if some teachers or teacher educators
recognise that pupils (especially secondary pupils) do
have some prior knowledge, their classroom approach based
on 'Teacher Dominance! (Gilbert et al, 198é) is not .
practically different. This alternative assumption believes



20

that even though children might have ideas before they
come to school, these ideas are not strongly held and
can be easily removed or changed by teacher's ideas
without special effort.

Work by Osborne and Gilbert (1979) and other
researchers have shown (Gilbert et al, 1982) that children
have béliefs about how things happen and expectations which
enable them to predict future events. The revision of
teacher-training must be aware of this knowledge and
children's ways of learning. _

The views which children bring with them to
science lessons are to them logical and coherent and these
views have'a considerable influeﬁce on how and.what
children learn from their classroom experiences. Moreover,
children»ha#e clear meanings for words which are used both
inkevéryday language and also‘in‘formal scieﬁce. These
‘are one kind of research findings that must be taken into
account when planning the new courses of Science Teacher
Eduﬁation.

These research rindings have direct implications
forkrevision of Science Education in genefal and teacher
educafion in particular. Efforts are being made ror the
‘revision of science education in many countries. Some A
specific examples of attempts to design lessons, or aets
of lessons, yhich build on children's ideas have already
‘ been reported in the literature e.g. Nussbaum and Novick

'(1981), Osborne et al (1981), Schollum et al (1981).



1.5, SIGNIFICANCE OF PRESENT RESEARCH FOR PAKISTAN

-0f the four problem areas identified before,
ngmelyx 'Textbooks', 'Knowledge of SubJect Matter',
'Teaching Methods®' and 'Teacher Training', the probdblem
area of 'Teaching Methods' is the most important.
Importance of this area lies in the fact that teaching
science, as argued by Hurd (1971), reqﬁires a teaching
method supportive of the way students acquire sciencg
concepts. Also, as argued by Victor (1985), the methodé
of teaching science are the means through which content
and process are learned and the objectives of science are
achieved. Some methods lend themselves better to a
learning situation than do others (Burd, 1971) and the
teacher's task is to use a proper combination of methods
to achieve the desired goals of science education
(Deighton, 1971).

Recent research in science éducation, also
mentioned in the previous section, suggests‘that.vbefore
any’science teaching takes place, children have already
acquired considerable knowledge about the natural and
technological world. From experience based on a large
number of studies (Osborne, 1982), it has been found that
children's pré-lesson viewpoints and learning are largely
uninrluehced. or influenced in unanticipated ways, by
much of our present day teaching. Children often
misinterpret, modify or reject the scientific vie%point
as it'is presented to them (Gilbert, Osborne And Fensham, .
1982) using the way they really think about how ahd why
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‘things behave. The 'scientific viewpoint"might be
rote-learnt and subsequently regurgitated in an
examination but it is not the way the pupil actusally
thinks about the world.

' These findings point to the need for a new view
of science teaching (Osborne et al 1983). Science
teaching, in so far as it is concerned with encoureging
students to be aware of, and possibly even adopt,
alternative views of fhe world and meanings for words,

" needs to build on or to confront, but certainly not
ignore, children's viewpoints,

Revision of the programme of Science Education
referred?earlier requires a research base, so that any
changes brought in this programme are Justifiable, 1In
the past, very little research work had been done in
Pakistan to investigate children's prior knowledge and
their undérstanding of basic concepts of science., As a
result, the teaching of science in the classroom, science
teacher training, and science curriculum development
efforts do not take into account children's prior knowledge
of the concepts of science,

| The present study was undertaken with this
“background in mind about the status of science education
in Pakistan., This study aims at investigating -
misconceptions of children in selected concept areas in
scienée. The researcher was inspired to undertake this
study from the work of Osborne and Gilbert (1979) in
Surrey, UK and in Waikato, New Zealand. More specirically,b
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the study was aimed at forming a base for future research
in science education in general and science teacher
educetion in particular. Also, it was envisaged that
this study qi}lylead to answers or partial answers to
some or all of the following questions:

1. Whether or not Pakistani children have
misconceptions similar to those held by
children in other parts of the world.‘

2. Wwhether or not an investigafion technique used
in one culture or country can be used in other
cﬁltures or countries,

b 28 Whether or not teachers of science have
misconceptions in seience,

4. Whether or not informing the teachers about
children's misconceptions in science affect
their own ideas. |

5. Can teacher training be organised to enable the
teachers to modify their own misconceptions and
to achieve in turn better student concept
understanding?

6. Is it possible to medify children's misconceptions
in science if the concepts are retaught by
specially trained teéchers?-

7. Whether or not in-depth teacher training can
lead to more effective teaching.

It is hqped that this research experience will

‘enable the researcher (and also other science educators)
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to: 1) réview the existing science education programme
at his own Institute in the light of the findings of this
study, and 2) to establish a long term research project
for the improvement of science teacherbeducation in the
countrye.

It is further hoped that the study will be
useful for:

1. The Science Educators - to guide them for
better planning of teacher training programmes,

2. The Science Education Researchers = to guide
further research in this area, )

3. The Curriculum Developers = to guide them to
develop curriculum which takes into account
children's prior knowledge.

4, The Textbook Writers - to meke them cautious of
miscsnceptions they might add to the text-books
and to guide the level of éxplanations of
everyday events they should prbvide.

5. The'Science Teachers - to make them aware of
both the children's and teachers' misconceptions,
and therefore, guide them for better science
teaching.

The present study passed through various atages.
Firstly, pupils' and teachers' understanding in selected
concept areas of science were explored. Secondly, etfectar
of short periods of teacher tréining and selected

re-teaching on teachers' and pupils' conceptions of séienca
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was studied on a small scalé. And, thirdly, effects of
teacher training on pupils' misconceptions was studied
‘on a larger scale. A detailed time table describing
varioué tasgks undertaken in this study is given on the
next page. The study has been presented in'seven
cﬁapters. After the first chapter on Introduction,
Chapter II and III review the related literature,
Chgpter Iv, V, and VI describe studies, 1,2, and 3
respectively. Cﬁapter VII presents a summary of the
research study, and finally describes a Research Project
to be'unde:taken for the training of teacheré and
'ﬁroduction of materials for the improvement of Science

Education in Pakistan.
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RESEARCH TIMETABLE

SR.NQ

ACTIVITIES

DATES

1.

2.

S
4.

5.

6.

o,

8.

9.

111,

Planning, literature
search and study,

Production of Interview
cards for 5 concepts
(Force, Energy, lLight,
Work and Electrie Current)

Trial Interviews in 5
concepts,

Modification of
Interview Cards,

Student Interviews using
IAI approach, testing 5
‘concepts.

Testing of Teachers in
Force using Paper-and-
Pencil Test.

Group I
Group 1I
Group III

Short visit to University

of Hull for discussions
with the Supervisor,
study of literature and
further planning.

i. Construction of Multiple
choice tests in 3
concepts (Force, Energy,
Lightg

Planning for the
workshops.

Searching for Teachers
~to participate,
Preparation of Workshop
Materials.

ii.

iv.

Duplication or Tests.v.

From November, 1981

September/October,
1982,

November/December,
1982 and January,1983.

Februsry, 1983,

March, April, May,
1983,

April, 1983
October, 1983
August, 1983

October, 1983 w-
Pebruary, 1984,

Second weék of Féb.
:3 2rd week of Harch,

L} ’ "
e "

Last week of March and

Ist week of April,1983,]




10.
1.
12.
13,
14,
15,
16.

17.

19.

20.
21.

22,

23.

24,

25.
26.

18.

Test administration for
Reliability Test.

Formal invitation letter
to teachers for the
second workshop.

Finalization of MC Tests.
Duplication of MC Tests

Pirst workshop held for
the teachers of the 8th
class students.

Second workshop for larger
group of Teachers,

Re-Teaching by the
participants of the Ist
workshop.

Re=Testing of students
taught by the participants
of the Ist workshop using
MC Tests,

Re=Teaching by participsnts
of the second workshop.

Testing of Students taught
by participants of the
second workshop using MC
Testse.

Coding of Data

First draft preparation of
Thesis Chapters 2 & 3,

Preparation of Appendices
etc, for the Thesis,

Re-Testing of Students
taught by participants of

the Ist workshop using IAI
approach.

Visit to University of Hull
to complete the work,

Oral examination held

Thesis resubmitted after
revision in the light of
examiners' suggestions,

Second week of April,
1984,

19 April, 1984,

3rd week of April,1984

Last week of April,
1984,

Last week of April,
1984,

4th May 1984,

Ist week of May, 1984

Second week of May,1984,

Between S5th May 1984—e
31st May, 1984,

Between 12th May 1984 &
31st May 1984

June/July 1984
June/July 1984

August/Sept. 1984

Sept./Oct./Nov,1984,

From December 1984 we
June 1985 ‘

December 1985
1989
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CHAPTER II

THE TEACHING AND LEARNING OF SCIENCE CONCEPTS

2.1. WHAT IS A CONCEPT?

! Dhe term "concept" does not have a standard
meaning the same for all school subjects, nor do the
scientists and psychologists use the term in identical ways.
One fundamental problem as indicated by Spitzer (1975) in
formulating a suitable definition of "concept™ is that the
term has entered the realm of general language and is
commonly used with a very indefinite and flexible meaning,
"Concept" haé come to refer, in common usage, to eny idesa,
process or thing which cannot be defined readily in another
waye. Concepts in science typically describe a more complex
kxind of organization than a simﬁle response to a ciass of

objects.

Webster's New Coliesiate Dictionary‘gives two
definitions of concept. The first definition is: "something
conceived in the mind, a thought or notion"; the second
definition is: "An sbstract idea generaliied from |
particular instances." These definitions indicate the notion
of "generalization." Certainly there“have'been hény B
psyéhological definitions of "concept"‘which ﬁéve centréd on
"sgneralization", and there is‘some consehsus fhat Qoméadegrée
of generalization'is involved in concept formation. Further,

the general agreement among psychologists and educétérs.as
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Spifzer (1975) f£inds is that concept formation is the basis
by which man orders his experiencej that it represents

some sort of cognitive groupingj and that it is an extrémely
‘important element of human learning,

One of the most frequently expressed values of
concepts is that they allow the individual to form general
notions of his world, on the basis of specific experiences
with it., According to Burd (1971), concepts differ from
facts at one extrems and from theofies or conceptuai schemes
at the other extreme. To ;orm the simplest concept, at
least two facts or observations thét agree are needed plus
at least one more which does not fit into the classification,
These facts do not have to be alike but they must form a
meaningful unit, or a class of expe:ience. or a‘common
response that can be generalized, ‘'Mammal' is an example of
the concept; several facts have been brought into a
relationship to convey the idea, 'mammal', This organization
of facts also discriminates between animals that are mammals
and animals not mammals.

Further, Burd (1971) views a concept as a synthesis
or logical relationship given to relevant information by
the student; it is a product of his own imagination, insight
or reasoned Judgement. A concept is also more than a ' '
collection of organized facts., Facts are essentially bits’
of information whilst concepts are mental constfuctsvf' l
resulting from the class identity given to the facts by thek
learner. Facts are available to all who perceive them; they

are public property, whereas concepts are a private possession -
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‘and represent a pérsonal grasp of the relatedness of data.
Concepts have a logical structure making the facts within
the concepts meaningful and therefore useful in thinking.
This means concept formation is something more than simply
summarizing, sequencing, or grouping items of information.

A concept has a cognitive organization transcending the -
meaning of its several components. Fo: example, in the
concept of 'density', as a ratio of mass to volume, density
emerges as a relationship formed by the learner.

Essentially density represents a conceptual invention fhat
goes beyond the observed data. When a concept such as
density becomes a part of the common experience of the
people, it acquires a name which makes it possible to share
its class identity with others. In this example, a numerical
or algebraic expression may be used to more ﬁreciaely convey
its meaning,.

Gagne (1968) arguess ‘'we are also uaed‘fo
referring to the 'content',or‘school subjects as conceptual,
without necessarily considering the nature of behaviourall
change that may be involved., Thus, we often refer to the
body of knowledge called genetics as "the concepts of
genetics", If forced to say what we mean by the concepts of
physics, we are inclihed to reply by naming such things as
mass, energy, work, gravitation, and atom, In the case of
geqeticé, the entities named might be genes, chromosomés, 
DNA,)RNA, and perhaps many others. We speak ot,students .
learning the concepts of physics and the concepts‘or ': ,
genetics, énd by so doing we‘surely mean to imply that wﬁat
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1s learned is conceptual'.

Gagne further argues that despite differences in
the language uéed to describe a concept, there is
considerable agreement among resesrch psychologists as to
what this word means., The general properties in common in
the various definitions as Judged by Gagne ares

i. A concept is an inferred mental process
ii, The learning of a concept requires discrimination
of stimulus objects (distinguishing "positive"
and "negative" instances). ,
- 141, The performance which shows that a concept has
been learned consists in the learner being able
to place an object in a class. .

The most fundamental disagreement (spitzer, 1975)
among theorists concerns the complexity of th; construct,
On one extreme, there are-those who believe that concepts
are spontaneous capabilities which the infant can almost
immediately master, on the basis of his earliest perceptions
(Lewis, 1963; Montessori, 19723 Ricciuti, 1965). On the
other extreme, there are others who feel strongly that
concepts represent a high level mental process and result
from considerable pre-requisite experience and maturity ot
thought (Gagne, 1965; Tennyson and Merril, 19713 |
Vygotsky, 1962).

Another disagreement, according to Spitzer is the
_coﬁrlict between the "pre-language" and the "post-language"
positions concerning whether or not language facility is a

pre-requlsite for cohcept rormation.‘ This controversy
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appears to be the most clearly defined area of disagreement.

The pre-language position is supported primarily
by experts in early childhood development and child
psychologists, who view concepts as being the result of
simple learning. Advocates ot_this position see conceﬁt
formation as fundamentally a "process of recognition™ based
on responses to certain perceptual characteristics,

- The posf-language position tends naturally to
Place a tremendous importance upon the development of names
for concept formation. Brown (1956) views concept
rormation as the matching of environmental groupings with
" names, According to this view, groupings already exist in
the outside world, but they must be made salient to the
indiéiduél through language cﬁtegories. Taba (1967)
believes that developing labels ror'concepts is an important
part of concept formation process, and that without names
concepts‘are not conceptss This view highlights a
rundaméntal controversy relating to concebts:, do labels
céme;arter concepts,are formed or are they pre-requisite for
concept formation? Vygotsky (1962) believes that, before
language, there cannot be true concepts, only "complexes",
or "pre-concepts". k

.Another controversy in the debate over the nature
of concepts is between the "associationists" and the
"higher level process"‘advocates. There are a number of
theorists who believe that a concept is merely a grouping
-or category. They would hold that an adequate definition of

-the term would be similér response to ditrerent stimuli;f\ :
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that stimulus association, or grouping, is the key process
in concept formation. Another group believes thaf a high
degree of discrimination ability is required in addition to
association., B8till another group views concept formation
8s extremely complex and maintains the belief that, not
only 1is concept formation tied to language development,
but it is also linked to such "high level mental processes"”
as abstraction and logical thinking.
| The preceding discussion has shown that several
meanings can be given to 'concept' and concept formation,
The discussion is by no mesns exhaustive, there are in the
educational literature many other definitions. Among them -~
are Lam?js (1970)3 Piaget asnd Inheldeglgw(ﬁ960);
Lennenber@lg (1967)3 Gagne:g (1970) and Ausube{lgmet al.
(1978)., For the present study the derinitiop proposed by f
Klausmeier et al. (1974) ard used by Osborne and Gilbert %Qw)
(1979) seems most useful (Spitier, 1975).

According to Klausmeier et al. (1974) "a concept

PRI

is ordered information about the properties of one or more
things - objects, events, or processes = that enable any
particular thing or class of things to be differentiated:
from and also related to, other things or classes of things."
These writers suggest that there are four levels to concept
learning: the concrete level; the identity 1level; the

classificatory 1level, and the formal level.

Acéording to an interpretation by Osborne and
Gilbert (1979), this viewpoint suggests that to underétand a
concept at a formal level a student must build for himéelt
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an adequate description of concept attributes so that new
instances can be correctly classified as examples or
non-examples of the concept class, Further, a measure of
concept attainment is the ability of an individual to
properly categorize instances not previously encountered

as instances, or non-instances, of the particular concept.
8imilarly, Markle and Tiemann (1970, p. 43) state ‘'to

really understand a concept is to be able to generalize to
all possible instances that might be presented and to be able
to discriminate all possible non-instances including those
thgt bear a strong resemblanqe to members of a class,' As
already mentioned above Gagng - (1970) states that if a _
student can classify new instances, as belonging, or not
belonging, to the concept‘class'then he cen be said to

'know' the concept.

Using these ideas as a theoretical base, an
investigation technique (named as Interview=About-Instances
approach) was developed and then used by Osborne and
Gilbert (1979) for the investigation of children's
understanding of various concepts of science., The same
investigation teéhnique was selected by the[&esearcher for
the purpose of the present study and is described in
Chapter III,

2.2. THE IMPORTANCE OF CONCEPTS IN THE LEARNING OF SCIENCE

The growth of new knowledge in the sciencés has

been very great in recent years and the rate of ihcrease
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has also been accelerating. The(iéf? character of science,’_
that is, the fact that each problem solved opens the way to
Zéolution of many new problems, results in an accelerating i
growth in new knowledge (Novak, 1966). There is also the
problem of the increasing complexity of everyday life each
year with more things to know about and to be able to use,
for example, technological achievements and products which
are inescapable in the life of each individual, The
production of new knowledge in science and its applications
in technologj is changing the entire pattern of vocational
and career advancement, A major prob}em in career
development is the fact that it is no longer possible to
prepare oneself or a student for a lifelong careerj the
knowledge requirements change and many jobs become obsolefe
(Hurd, 1971). ‘

The number of scientific facts that exist within
each discipline ﬁas reached explosive and, from a teaching .
point of view, prohibitive-proportions (Pines & Leith, 1981).
In addition to the growth in the number of facts, the facts/
themselves constantly change. The question now for 4
educationists is one of how to design a curriculum that will
develop in learners the intellectual skills and attitudes
Essenfz;lly the task is one of providing an education which
mekes it possible for youth to understand today“s world and
at the.same time be prepared to meet the unknown problems

of tomorrow. If we are not able to do this we will always

be educating youth for a world that no longer is,
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To overcome this difficulty, Pines & Leith (1981)
suggest that it makes more sense to view science as a
conceptual frame work and to focus science teaching upon
helping the student develop a representative and significant
reservoir of scientific concepts and to minimize the rote
memorization of factual information. If this is accomplished
then the teaching of science will be more in harmony with
the way science is (Hurd, 1971). PFacts constitute the
findings of a science, and havé little, meaning in isolation
from other data. They are needed as a basis for concept
development and fhey provide a skeletal framework, but
knowing unstrugtured facts, however many, does not assure
their use or value. Explanations in science arise from
.concépts. theories and principles and while these explanafory
insights arise through a correlation of facts, an
explanation of phenomena or events is never'found in facts
alone, While both facts and concepts are essentisl for
ﬁnderstanding science, teaching limited almost exclusively
to the telling, reciting and testing of information does not .
convey either the meaning or intent of science., To teach
only the findings of science is to teach an illusion of
scientific knowledge. To be sure one must have an interest
in facts since it leads to their‘diacovery, but facts alone
are sterile of meaning, unwieldly and uneconomical for
teaching purposes., It is the responsibility of science
teachers to help young people learn how facts are known and,
knowing them, how they can be built from disconnected

fragments of data into meaningful structures,
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Hurd (1971) further states that while observations
and data are basic to science they are neither the means
nor the end of science. It is the interaction of theory
and logical operations which serves to bring facts together
and gives them meaning. Facts become useful and intelligible
as parts of verifiable concepts which are in turn illuminated
by hypotheses and theories. Concepts and principles, not
data, provide the most meaningful units for learning in
school for they are a means by which facts and experience
can be integrated, Facts outside concepts are blind,
concepts without récts are sterilé.' Pacts represent partial
answers to problems of the past, but the need ih écience
teaching is for an information organization by which new
problems may be meti concepts provide this means siﬁoe they
' are generalizable, facts are not. If we expect students to
understand the cumulative nature of science it will not be
achieved by pyramiding facts, but throush understanding how
conceptual structures are modified., The meaningful
internalization of a scientific conceptual framework
according “to Pines & Leith (1981) is a far more efficient
and adequate way to learn science than the memorization of
facts. The acquisition of concepts.enablea the student to
understand phenomena, to ask questions, to‘carry%ut »

|

‘Keeping in view the potential which concepts have

investigations, and to generate new instances,

for improving problem soiving and for learning to learn,
Hurd (1971) describes several advantages of concepts in the

learning orkscience. These are briefly described below:
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A concept ppovides the best means for getting a
lot of data compressed, organized, and into our
thinking all at one time. Concepts contain more
facts a student can use in a meaningful way,
free of the over<burden of details, than most
other forms of ¢ata communication. Iearning

concepts is one means of reducing the large

volume of scientific knowledge available today

and simplifying it for use in thinking.

VCOncepts provide a'means for the extension of

learning, in other words, to go beyond the initial
learning without edditional information, It is
difficult to do much with isolated'facts,'for
example, knowing the normal body temperature of

man to be 98,4°F. 1is not enough information to
extend what has been learned, WherQas, understanding

the concept of 'warmbloodedness' makes it possible

- to describe, hypothesise, or interpret many things

about an animal not yet studied by simply identifying
it as warmblooded. This is the difference between
knowing an interesting fact and possessing useful
information. - 'Mass' and 'héat' 88 concepts permit

the learner to generalize, but if they exist in

‘the student's mind simply as definitions learned

by rote they function as facts and have no value

for problem solving. Knowledge enclosed in a

’concept'raises the generalizadbility of that S

b

knowledge., This implies the student is able to use
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his generalisations to generate new’meanings and
make inferences beyond the specific instances he
was taught, '

Knowledge acquired as concepts can be used to
build more complex concepts, to formulate
principles, to bring new information into a logical
structure, to define a problem, to generate new
ideas, to provide explanations, to make
interpretations, to suggest a hypothesis, to
direct observations, to orgahize data, and to make
discoveries. How effectively each of these

functions ¢an be carried out depends upon

conditions such as, how well the student understends

the substance of the concept, whether he is aware

‘of its range of application, whether he has a

predisposition and the motivation to apply what

he knows, and whether he has had experience using -

concepts to meet new problem situations. While

extensions of knowledge are made possible through
concepts they do not occur automatically; knowing
a concept is one thing. using a concept in a new
context is something else. - Concepts inherently
possess meaning for more than one situation,
awareness of this helps the atudent to notice
relevant events in other contexts and to have some
feeling about their plausibility. Forming concepts
1s one of the best ways for étudents‘to understand
the intellectual power of scientific knowledge,
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The entire structure of science is dependent upoh
categofies of meaning found within its paradignms,
concepts, hypotheses, principles, laws, theories
and models. Each of these structures represent a
meaningful pattern of information. It is these
conceptual ‘systems combined with inquiry processes
that make it possible to have the knoﬁledge of
science work for us,

Concepts provide kxnowledge with a predictive
element which tells us what to expect under certain
conditions or in particular contexts. In this
respect a scienéitic concept and a theory function
in about the same way, since they both allow us to
make inferences in areas whers we have not
previously had specific experience,

Concepts are remembered mpch longer than the faets
and specific instances of which they are composed,
Factors contributing to cohcept retentioniﬁre.
first, they have a wider range of associations than
facts and therefore are used more frequently and,
second, as new bits of information are incorporated,
the concept is brought into use and its stadbility
~is increased, Remembering is not simply storing

a concept in one's mind, nor is it repetitive use,

- rather it is an ;ntegrative process, a continuous
reorganization that serves to keep it alive and
active, A third reason why concepts are easier to

remember is there are fewer of them--they reduce the
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volume of information and still allow us to engage
in all the intellectual activities required by
the facts. With the demands on everyone to know
more at every phase of life than at any time in
past history we'cannot afford learning that will
soon be forgdtten. The value of concept learning
is it reduces thg necessity for constant relearning.
393€1y %fgfped materials rema;n isolated and thus QA‘
have a short tenure in memory. - Concepts provide a
‘oonnecting link betwseen work in school and life
outside school through their interpretive power
and multi situation application. fhus these are
strengthened with use,
6, One function of scientific concepts is to provide
the categories into which observations in the
laboratory can be fed for coding and possibly
turned into information. Vithout‘# reservoir of
science_concebfs the student is essentisally
intellecfually helpless in the laboratory, since
he can neither identify relevant observations nor
provide a means for bringing order to them.
This section has illustrated the extent to which
the EEEE}“S of science is found in concepts and suggested )
concept ;;¥ainment'as an efficient and effective wéy of \

leérning aciénce.‘ The next section describes a iearnihg‘

theory relevant to the present study.
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2.3. IDZAS OF LEARNING RILEZVANT TO THE PRESENT STUDY

There are three types of learning: Cognitive
learning,af;gggz;; learning, and psychomotor learning.
Cognitive processes according to Novak (1976) are those by
which we acquire and use knowledge. it is what most people
mean when they speak of learning, especially school learning.

Cognitive learning results in organized storage of

information in the 1earne:§‘ brain and this organised -
complex is referred to as 'Cognitive Structure'.

Affective learning results from signals that arise within
the individual and these are identified as pleasure and pain,
satisfaction or dissatisfaction, contentment or anxiety and

80 on, Psychomotor learning involves training of musculer

responses through practice, but some cognitive learning is
usually an important elegenf in the further development of
psychomotor skills through practice and training.

An understanding of how children develop
cognitively and also how children learn, is essential to
teaching science effectively in the classroom. For guidance
in this aspect, science educators have turned to the
research and theories of developmental psychologists. Most
theories of learning fall into two distinct categories, the
so-called behaviourist and cognitive theories (Victor;,1985).
Behaviourist psychologists believe that learning consists of
making strong connections (or forming strong links) between
events called stimuli and appropriate behaviours called

responses, This is why this group is often referred to as
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S;ﬁ (Stimulus Response) psychologisté. According to these
psychologists the task of teaching is to establish strong
connections or associations, between stimuli and the
appropriate response reactions of the learner., Thus, when
children are presented with a series of questions (stimuli)
and supply answers (responses), the correct answers should
be reinforced because responses that are reihrorced will be
strengthened and are most likely to be retained,

Cognitive psychologists are concerned not only
with 8-R behaviour, but also with the mental process;s that
cause behaviour. They believe that learning also occurs
through the development of new patterns of thought, called
insights, Instead of seeing learning as the formation of
~connections or_associations between stimuli and responses,
these psychologists vigw learning as either the gaining of
new insights or the changing of previous ideas and
perceptions so as to lead to new insights. The task of
teaching is to provide situations that encourage insight so
that the children can discover ideas on their own. '

The theories of two cognitive psychologists have
made or seem about to make a tremendous impact on school
science., The two theories have broad implications for what
should be taught in science, how it should be taught, and the
sequence in which it should be taught. For the purpose of
the presént atud& the theories of the two psychologists,
Jean Pisget and Dévid Ausubel, are first described briefly
and then, after a comparison of the theories in the liéht of
their implications for science teaching, an argument wiii Se'
developed giving the stronger support to Ausubel's ideas,



2.3.1. A BRIEF NOTE ON PIAGET'S THEORY OF INTELLECTUAL
DEVELOPMENT :

According to Piaget, children develop
intellectually in a sequence of stages by age from infancy
to post-adblescence. Each stage of learning is necessary
for the development of the stages that follow. A child
cannot skip a stage because each stage not only utilizes
and integrates the one before it but also serves to pave
the way for the ones that follow. Although the sequence of
stages is the same for all children, the rate at which
particular children pass through these stages will depend
updn both the ehildren's heredity and their socio-economic
environment (Victor, 1985).

Piaget identifies four stages of intellectual
development from birth to adolescence, (1) the
sensorimotor period, from birth to about two years of age,
(2) the period of preoperational thought, from about two to
éeven years, (3) the stage of concrete operations, from
about seven to eleven years, and (4) the formal operations
" period, from about eleven years to fifteen years,

A brief description (Novak, 19783 Driver, 1983
Victor, 1985; Trowbridge & Bybee, 1986) of each of these

stages is given below:

1. SENSORI-MOTOR STAGE  /\,,.
‘ . R

In this stage,iat rirsﬁﬁgh object existgvtor the
child only when he can see or feel it, and he locates hidden
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objects(;xist even when he cannot see or touch them, For
the child there usually is no other time but the present,
and no other space than what he now sees. He cannot imagine
an act before he carries out the act. Through his senses
and motor activities he learns about properties of things,
and he begins to develop a practical basic knowledge that
forms the foundation for learning in the next stage.

f
2. PREOPERATIONAL STAGE A Cec /

This stage is given its neme because the child
does not yet use logical operations in his thinking. In
this stage the child is egocentric, 80 his view of the
world arouhd him is subjective rather than objective.

Because he is'egocentfic. the child is unable to take into
account another_person's pbint of view, Also, the child is
percéptually oriented; that is, he makes Judgements in

' terms of how things look to him, He does not think logically,
and therefore, cannot reason by implication, Inastead he
uses an intuitive approach and makes Judgmequin terms of
how things look to him. He dependé upon triﬁl and error
to make corrections.

‘He can observe and describe variables (properties
of an obJect or aspecté_of a phenomenon), but he concentrates
or 'centres' on only one variable at a time, usually a
variable that stands out visually. He cannot coordinate
variables, so he has difficulty in realizing that an object

has several broperties. Also, he can arrange obJjects in
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‘simple seriee.'but he has trouble in arranging them in a
long series or in inserting a new object in its proper
place in a series. To the child space is restricted to his
neighbourhood, and time is restricted to hours, days, and
seasons., -

He has not yet developed the concept of
conservatien.' This means he does not understand that a
number of objects can be rearranged and that the size or
shape or volume of a solid or liquid can be changed, yet
‘the number of objects end the amount of solid or liquid
will be unchanged or conserved.

| Also, the child does not yet understand
‘reversibility. His thinking cannot yet reverse itself back
to the point of origin. The child'doee not yet comprehend

that action and thought processes can be reversed,

3. CONCRETE OPERATIONS STAGE AN\ A

"In this stage the ehiid can now perforﬁ logical
' operations. He can ebserve,ydudge. and evaluate in less
egocentrie'terms than in fhe preopefatioﬁal stage, and he
can formulate more objective explanatiehs.: As a‘resﬁit; he
knows how te.solwaphysical problems. Because hie“fhinking
is still concrete and not abstract, he is limifed to"v
probleme dealing with actual concrete experiments, ‘He'den
not generalize, deal with hypothetical situations, or weigh
alternative possibilities. ‘
He is capable of decentration, which means thet he

no longer "centres" his thinking on Just one property or
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aspect of an object, but cen now "centre" on two or more
at one time. He can now understend multiple relationships
and canrcombiné parts into a whole. He acquires good motor
skills and can move objects around to make them fit properly.
- He can mske multiple classifications, and he can
arrange'objects in long series and place new obJects in
their proper place in the series. He begins to comprehend
geographical space and historical time. EHe develops the
concepts of conservation according to their ease of learning:
first, numbers of objects, then matter, length, ares, weight,
and volume, in that order. He also develops the concept of
reversibility and can now reverse the physical and mental
procesSés when numbers of objects are .rearranged or when the

size and shape of matter are chénged.

4, FORMAL OPERATIONS STAGE

In this stage the child's method of thinking
shifts from the conérete to the formal and abstract. He
can noﬁ relate:one abstraction to another, and he grows in
ability to think conceptually. He can develop hypotheses,
deduce all possible consequences from them, then test these
hypotheses with contfolléd experiments in which all the
variables are identical except the one to be tested., When.
approaching a new problem, the child begins by formulating .-
all the,possibilities and then determining_which,ones are
substantigted”through_experimentation andylogicallanalysis.
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After he has solved the problem, he can now reflect upon

or rethink the thought processés he used,

"
Pisget also uses three concepts: Assimilation, %

Accommodatiéh and Eaﬁilibfétion. A briefadescription of

these concepts follows:

ASSIMILATION

Piaget indicates (Klausmeier, 1985) that
individuals continuously interact with their environments,
Each interaction always has two édaptive aspects:
assimilation and accommodation. Related to cognitive
development, assimilation implies incorporating experiences
into a person's existing cognitive structure. Zach of us
has what psychologists describe (Owen et., al, 1978) as a
cognitive structure or schema that represents what we know
and how we look at our world, Our schemas determine how
we respond at & given moment to people, objects, or ‘
occurrences, and we try to assimilate new experiences into
our schemas., But much information and experiénce do not
£it into our existing schemas, and disequilibrium results.
So, we alter our schemas to accommodate the new material,

Aa a child acquires new experience, events are
interpreted éccording to the mental schema the child has,
For example, (Novak, 1978), new instances of dogs that fit
the child's schema of dog would be éssimilated without any
appreciable modification of the schema. However, a’very

small puppy or bizarre breed of dog might require some
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modification of the child's schema and then this experience

wbuld be accommodated into the revised schena,

ACCOMMODATION

Accommod#tion implies changing the cognitive
structure to fit new experience (XKlausmeier, 1985). As
with assimilation, accommodatidn occurs frequently in the
course of learning or the experience of any child, Almost
any new learning episode will result in some minor
alteration in the ch;ld's thought patterns and hence
accommodation occurs almost simﬁltaneously with assimilation,
In the process of assimilating and accommodating, the
cognitive system itself changes and cognitive.development
occurs. -

' Cognitive development proceeds in an orderly
fashion through four successive stages described earlier,
All individuals progress through these four stages in the

same fixed order, or invaeriant sequence,

EQUILIBRATION

Equilibration, or self-regulation, according to
Thier (1970) is the factor and the process which is the
foundation of and basic to an understanding of Piasget's

gl e ]

whole approach to intellectual development.
Piaget holds as illustrated by Novak (1978) that
the child constructs genseral mental schemas to interpret,.~

events in the world and these.schemas influence the way he
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can opefate mehtally on phenomena to which he is exposed.
Sdﬁemas are constantly being modified through assimilation
and sccommodation, and in time, qualitative changes are
apparent in the child's schemas, These qualitative changes
represent a shift in thought patterms to new levels or
stages or a shift in equilibration, with assimilation and

accommodation taking on new forms,

2.%.2, THE APPLICATION OF PIAGET'S THEORY TO SCIZNCE
TEACHING AND LEARNING

As argued by Driver.(1983), the main contribution
of Plagets' work has not been his general description of
the mechanism fon?evelopment of children's structures of
thought. Rather, it is the extensive and detailed
investigations which he and his collaborators havé undertaken
to describe the specific characteristics of children's
thinking of different ages.

Driver (1983) further describes '~ . the cognitive //'
structures which are central to Piaget's theory as of a
logical or mathematical nature. They describe the form of
a child's thought as opposed to its content, These
structures Piaget suggests develop in stages. Piaget's
results suggested that children develop formal thought
between 11 - 15 years of age. However, surveys undertaken
in England by Shayer et. al (1976) and in America by lawson
and Renner (1978) show that the majority of children do not
develop formal operations until much later in the secondary

school, This, it is argued, has implications for the
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science curriculum in secondary schools if what is taught
is to be within the grasp of most pupils,

Also, results of surveys (Shayer & Adey, 1983),
carried out as part of the science work of the Concepts
in Secondary Mathematics and Science Programme (CSMS)
based at Chelsea College Centre for Science Education,
London show élearly that by age 9 years only about 30
percent of pupils are using concrete operations fully,
and one must go to 14 years before this rises above 75
percent., At 14 years only 20 percent are using even early
formal operations. The second notable feature of the
results is the levelling off at age 14 or 15 of the
proportion of pupils who can make use of formal operations,
An extrapolation of the results by(\p; researchers suggests Lk
that in the adult population only 30 per cent ever make use
of theoretical models, or can handle multivariate prodlenms,
or can use any of the cognitive strategies characteristic
of formal operational thinking. This is contrary to the
Piagetian implication that every one attains the stage of
formal operations eventually.

Currently, there is some controversy as to the
validity and utility of the so called stage theory. It is
recognized that the ability of a pupil to use a certain
logical operation, for example proportional thinking,
depends on his familiarity with the context within which
a task is set. Pupils may control variables competently in
one task but not in another., This means that it is pupils'
behaviours and responses which can be labelled as fitting a
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specific stage, not necessarily the pupils themselves.
This context effect on performance calls into question the
usefulness of applying a 'matching model' to prescribe the
teaching materials which are appropriate to the learner's
stége of development. Such a matching model, described
by Shayer & Adey (1983), has three componentss
1) the level of cognitive demand of a topic in the
curriculum is analysed, and the topic is
-allocated to a level in the Piagetian stage
taxonomy}
2) pupils are tested in order to determine their
level of cognitive developments
3) the curriculum is planned so as to mateh the
level of demand to the level of development of
the learner,
This approach can give some guidance in the
general planning of science courses over the years 5 - 16,

However, there are problems in applying it to particuler
classes or to individual children, A few of the fundamental

problems of curriculum matching have been identified by
Driver (1983) and briefly described here, '

- First, there is the question of adequately
~analysing the level of demand of a topic in the curriculum.
The level of demand of a topic can depend on the way it is
taught. For example, & teacher's guide may recommend that
a particular topic is treated in a waj that demands
hypothetico-deductive thought with pupils generating 2
hypotheses and testing them experimentally. The topic could,
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however, be treated in a way that did not make these demanda
aﬁd meaningful learning could still take place.

The second problem with the model lies in the
assumption sbout the coherence of the concept of a 'stage',
If a pupil as a result of being tested is allocated to a
particular stage, what is the probability of him performing
-at this level in another context? Studies vary in the
answers they give to this question. The studies by Shayer
(1979) and Lewson et al (1978) indicate a reasonably high
degree of association between levels of performance on one
task and thét on another., However, the question arises as
to whether this is adequate to make educational predictions
at the individusl level,

The third issue concerns a question of priorities
in the curriculum, There is evidence to suggest that
particular operations can be taught in the context of
: teaching_a science topic. The necesséry proportionality
operations can be taught in the context of calculations on
mole, the law of moments can be used by pupils who are not
agssessed as operating at the formal level, Such pupils may
not be able to generalize the use of proportional reasoning
to other topics, but as science educators we might consider
it an imbortant end in itself that these pérticular‘ )
scientific principles are understood.

In this debate about the validity of the stage
theory it is not the results of Piaget's inveafigations
which are being questioned; it is the interpretation being

Placed on them which is under revieﬁ. In this regard,
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Driver (1983) presents three interpretations, each with a
significantly different implication for the planning of
science courses, firsf, there is the structuralist
position which suggests that each stage is characterized
by the development in the individusl of a set of structures
which determine the operations that a person can perform,
Developmental factors are identified as the main determinants
of the rate of appearance of these structures, According
to this analysis, the operations a child,can perform, and
hence his capacity for learning, are age-dependent., The
educational implication of this position is to adopt a
'‘readiness' model: wait uptil a necessary stage is reached
before teaching a topic.

Another position for which Driver advances some
evidenge. is that the operations pupils can perform are
age-related but the limiting factor is the capacity of
working meﬁory-the amount of information a person can keep
in mind at any one time,

, A third interpretation rejects the idea that
there is an age restriction on learning. Instead, it is
suggested that the age and eequence'in which tasks are
successfully performed are simply a function of the
complexity of the tasks snd the prior experience of the
individual. ’

 This position has been argued by Novak (1978).

who concludes that the data from a number of studies:
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' eesssupport a model of cognitive
development that is not 'stage' dependent,
but rather dependent on the framework of
specific concepts and integrations between
these concepts acquired during the life-span
of the individusl.'

Novek suggests that Ausubel's theory of meaningful
" learning offers science educators a more useful and valid
model of learning than the Piagetian stage model, Ausubel,
like Piaget, assumes that each individual organizes and
structures his own knowledge. Where the Piagetian model
focuses on content independent logical structures or
operations, Ausubel postulates that knowledge is structured
as a framework of specific concepts. He emphasises the
role of verbal learning and distinguishes between rote
learning and meaningful learning, where new knowledge is
related by the learner to relevant existing concepts in
that learner's cognitive structure. The main concepts of

Ausubel's theory are described in the following sub-section.

2.3.3., AUSUBEL'S THEORY OF LEARNING

~Ausubel's Theory deals primarily with cognitive

ﬁiearning. Miller (1980) has summarised the salient points
of his theory saying that there are four key concepts to
this theory: Cognitive structure, subsumption, integrativo
reconciliation, and progressive differentiation.

| For Ausubel, Cognitive structure is derihed:as
an individual's organizational stability and clarity of
knowledge ih a porticular subject matter tiold at‘any time

evee (Ausubel, 1963). The learner's coghitivo structure is
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organized in a hierarchical fashion, ideas and concepts
are held in such a way that broad over-all concepts have
linked to them several related subservient ideas, and so

Al
AL A
P

on. When the learner is presented with a new concept it

E

may be received into the cognitive structure and related

to the concepts already in place, If there is not a
related idea already in the cognitive structure, the length
of time the new idea is retained is limited. A relating
idea that serves to link new incoming information to the
cognitive structure is called a subsumer, ‘The process of
linking new information to pre-existing segments of
cognitive structure is referred to as subsﬁmption.'
(Ausubel et al., 1978).

For a‘pgriod»of time, the new information can bde
recalled almost in its original form, but in time, it will
no longer be dissociable from the subsuming concept. In
this case 'obliterative subsumption' has occurred.
Obliterative subsumption is different from forgetting as
it occur9~in rote learning. After obliterative subsumption,
the residual concept remains and much of the growth that
occurred during subsumption is retained and hence this
concept remains strengthened gnd more capable of facilitating
new meaningful learning in the future (Novak, 1976)., For
example, a student may forget the specific examples or the
formula for Ohm's law and still recall that there is a
definite relationship between voltage, cﬁrrent, and
resistance (Novak, 1978). BSpecific details héve been

obiiteratively subsumed, but a concept's usefulness for
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learning néw things about electricity remains as a
positively functionsal element in cognitive structure.

~ If a new concept is introduced to the learnmer,
and a subsumer for the concept is already in place in the
cognitive structure, the concept will be linked in by the
subsumer and may be integrated into the cognitive structure.
If the subsumer is missing, the new concept will be
retained for a time and then lost, unless additional ideas
‘are subsequently introduced to allow the new concept to be
linked in. 'Integrative reconciliétion is the process of
meaningful learning where new ideas are related to
previously acquired ideas one, or the other, or both are.
modified' (Ausubel, et al. 1978).

‘ A new incoming idea linked to the cognitive
structure by a subsumer will over a period of time fit into
the hierarchy of ideas or modify them, this process being
helped aloﬁg by the individual spending mental activity on-
the néw idea, ‘'Progressive differentiation' describes the
hierarchical arrangement,or subject matter in the cognitive
structure, The most general concept of a subJect will be
at the apex of a bédy of knowledge which will be prdgressively
differentiated into less general concepts down through to
the least general; most specific, facts, |

New concepts are linked to the'cognitive structure
with 'advance organisers', . An ‘'advance organiser' as the
idea has been introduced by Ausubel (quoted by West‘and::‘
Fensham, 1974) is a verbal statement, presented to the .«

1éarner before the detailed new knowledge. It attempts to
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provide for him an alternative set of anchors or links,
"if he does not posseSé appropriate subsumers, or if they
are inadequately developed or altered to play their part
in the new learning.

In his own words, Ausubel (1960) says: ‘the
facilitatinzg influence of advance organisers on the
incorporability and longevity of meaﬁingful learning (kAﬁ#
material is gttributed to two factors: a) the selective
mobilization of the most relevant existing concepts in the
lesrner's cognitive structure for integrative use as part
of the subsuming focus rof the new learning task, thereby
increasing the task's familiar%ty and meaningfulness; and
b) the provision of optimal anchorage for the learning
material in the form of relevant and appropriate subsuming
concepts at a proximate level of inclusiveness,'

Miller (1580) visualises the cognitive structure
a?{érystal lattice, such as in sodium chloride. At each
point in the crystal structure represented by the atoms
there may be a subsumer. When a new idea comes in it
bounces around the structure and, when striking a point
withogt a subsumer, moves on. If it strikes a subsumer of
a completely unrelated concept, it moves on. If it strikes
a related subsumer it sticks.

As the individual.mulls over a new idea, for
instance by doing exercises, it may be categorised under a
broader overall concept, or may itself be broad enough to
organise several subsumers under it. It may be ranked under

& broad concept and interlinked with several other equal
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concepts. It may cause a previous concept to be
disregarded, The idea is massaged until it fits into the
progressively differentiated structure in the logical
place,'linked to a broader cohcept above it and having
perhaps several narrower concepts linked below it. For
example, as a child's concepts of dogs, cats, lions, etc.
develop, he may later learn that all of these are
subordinate groupings of a more general class mammals,
As the concept of mammal is developed, the previously
learned concepts of dog, cat, etc. take on a sub-ordinate
relationship and the concept of mammal represents 7
'superordinate’ condept learning.
Consider for instancg the study of optics in

Nuffield Physics. It is preceded by a consideration of
wave phenomena, which is a broader concept, helpful in
understanding sueh concepts as dirrraction and interference.
Later in the course light and other electromagnetic waves -
are studied and the wave concept provideé idea anchorage,
and relates the ideas to those previously learned., The
student can thus fit the new concepts into the hierarchical
structure? preventing physics from becoming a series of vbwf
unrelated lumps of knowledge that are somewhat unpalatable wkyﬁ
to the student. _

| The key concept extracted from Ausubel's theory
is that of 'meaningful learning'. Ausubdbel suggests that
learning will only be meaningful when the new idea or -
concept which is to be learnt can be consciously related

to relevant concepts and ideas which have been acquired



previously. In other words, rorrmeahingrul learning to
occur the learner must be able éﬁ integrate the new idea
or concept into,p;é or h;;iexisting cognitive structure.

In Ausubel's (19755\;;;M;6rds:

'If I had to reduce all of educational
psychology to Just one principle I would
say: the most important single factor
influencing learning is what the learner
already knows. Ascertain this and tesach
him accordingly'.

Sb. Ausubel stregsses the importance of relevant
prior concepts for meaningful learning. When new knowledge
cennot be linked into the existing cognitive structure,
‘rote learning' or simple memorization results, The
memoriied materisl will carry no meaning for the learner,
and will not contribute to understanding or to problem
éolving‘ability. '

| Ausubel categorises the cognitivé process on a
- continuum, ﬁithkmeahingful learning on one end of'the
cdhtiﬁuum énd rote learning on the other. A second
orthogonal continuum is used by Ausubel to categorise the
prodedﬁre used to present ideas to the learner. At one
end of fhe conﬁinuum is receptioh learning and at the
ophosite is aufonomous discovery learning. Reception
‘learniﬁg is characterised by lecture or text reading where
the material is presented to the learmer in an organised”
higraféhicél fashion., Autonomous discovery learninghis
‘characterised by discovery of random facts that have to be

. . “ i h -
organised by the learner into hierarchical scheme.,
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The distinction between meaningful and rote
learning is not so simple there are degrees of
meaningfulness, A related but not identical distinction
to the rote-meaningful one is that what Biggs (1965)
calls "structured" and "unstructured" learning. In
structured learning the parts are clearly related to each
other, whereas in unstructured learning they are not.

. As in the case of rote-meaningful distinction,
- Howe (1972) considers it wiser to think in terms of a
continuum rathe: than a dichotomy. A similar viewpoint
has been put forward by Novak (1978) arguing that:
'Since concepts are acquired idiosyncratically and vary
from learner to learner in their degree of differentiation
and linkage to other concepts, the roté-meaningful
characterization is not a dichotomy but a continuum, yith
the relative degree of meaningfulness of a learning task
influenced both by the learning set and the relevant
cognitive difrerentiation of the learner'.

Ausubel's theory serves as a useful explanatory -

modei to guide science teaching, and as reported by
Novak (1976), his emphasis on the central role of concept
learning in meaningful learning and problem solving haa
been supported by a growing number of empirical studies.
Research with children reported by Novak (1978),
including studies of cognitive development after specially
designed concept oriented eaudio-tutorial lessons shows
that a small proportion of young children (six to seven

years) can acquire and use highly formal concepts to

| }\0(14
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explain phenomena, with explanations at a 1eve1_ordinar11y
expected (but not commonly observed) from adult subjects.
Both children and adults are highly variable in the
accuracy and abstraction of the concepts they possess as
evidence in explanations of natural phenomena,

Novak (1978) further statess

'We see no evidence of 'stages' of
cognitive development over the age range
six to twenty-plus,but rather evidence for
cognitive development manifested as a
broadening array and elaboration of
specific concepts., To the extent that
broad, widely relevant concepts are
differentiated over time, older subjeéfts
show more facility for learning new,
relevant concepts and hence a generalized

increase in competence for abstract 3
reasoning is manifest.' pﬁﬁt

| Ky

Novak (1978) goes on to state: ﬁwf” o
W

5

‘It is our view that studies designed
specifically to detect changes in cognitive
development in specific subject matter
areas, with or without instructional
intervention, point to the highly
idiosyncratic and concept specific nature
of cognitive development. We believe the
growing body of evidence obtained from the
more generalized Piagetian tasks also i
shows approximately the same variability
among age groups and for individuals tested
across a variety of tasks,'

On the basis of this research evidence Novak
supports a model of cognitive development that is not
'stage' dependent but rather dependent on the frame work
of specific concepts and integrations between these
concepts acquired during the active life-span of the

individual. The learning processes involved are adequately
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explained both for contemporanedus learning episodes and
developmentally over time, by Ausubel's theory of
cognitive learning.

It is widely recognized (West & Fensham, 19744
Miller, 1980) that Ausubel's constant focus is the real
classroom situation where teacher and learners are
grappling with complex but highly meaningful ferbal
material, In constrast, Piegetian psychology (described
before) has little relevance to the science classroom
(Helm & Novak, 1983; Novak, 1988). Further, to quote
West & Fensham (1974) again, Ausubel's theory is not one
that requires extrapolation from non-human learning, or
from the learning by humans of non-sense or very simplified
content,

Aﬁsubél's model explains not only how spontaneous
concepts are learned, but also how we can alter educational
;experience to sugment the acquisition of specific concepts
in any discipiine (Novak, 1976) and to teach any idea to
a child at anj age (Driver, 1983).

The present research concerns with the study of -
children's conéepts of science and the effect of training
on studeﬁts' and teachers' concepts in classroom
situations. Because the main emphasis of Ausubel's Theory
is on the nature of concepts and the role of concepts in
lea:ning (Novak, 1976) in the classroom situation, Ausubel's
theory of learning was Judged to be the most relevant for
the study. - | | B



2.4, THE LEARNING OF SCIENCE CONCEPTS

How concepts are learned is basic not only to

L
understanding science but also to the way science is \J”L N

(o

-taught. While the rgsgarch on concept learning provides
no‘well defined\;;;;;eé;~which assures every student will
acquire a desired concept, fhere are considerable data
providing cues to the more fruitful instructional
practices. Forming a concept is an individual affair and
is therefore influenced by the'range of characteristics
distinguishing one student from another: intellectual
capacity, motivation, understanding of the teaching
materials, background of relevant concepts and information,
and conditions for learning (Eurd, 1971).

There is a wide varietj of changes in behaviour
or capability which can be terméd learning., As desoribed
earlier in the previous section, Ausubel et al (1978)
distinguishggtho dimengions to the learning process, the
degree of meaningfulness, and the mode in which the ‘
material is encountered. Iearning is rote if it forms no
links Qith anything but itself, has no ability to help |
further learning, and is learnt ‘by heart'; Entirely
meaningful learning fits into a network of other knowledée,
extending bdth what is already known and what can be
learntQ Probably no real learning is entirely rote nbr
entirely meaningful (McClelland, 1982),

Ausubel et al (1978, p. 47) diatinguishes further
between three basic kinds of meaningful learningx
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' representational learningi concept learning, and
propositional learning. Representational learning concerns
the meanings of unitary symbols or words and propositional
learning concerns the meanings of ideas expressed by
groups of words combined into propositions or sentences.
Ih the first instance (as in naming, labelling, and
defining activities), learning the meanings of single words
involves learning what they represent (Lennenberg, 1967
quoted by Ausubel, 1978, P. 47). It means learning that
particular symbols represent or are equivalent in meening
to particular referents.
Another type of meaningful learning that is

prominent in the acquisition of subject matter consists
of 'concept learning'. Concepts (unitary generic or
categorical ideas) are also represented by single symbols
Just as other unitary referents are. Except in very young
learners, the individual words'that are commonly combined
in sentence form to constitute propositions actually
represent concepts rather than objects or situations, and
hence propositional learning largely involves learging the
meaning of a composite idea generated by combining into a
sentence single words each of which repreeente aveoneepf.

| In 'propositional learning', the meaningful
learning task is not to learn what words singly, or in .
combination, represent, but rather to learn the meaning of
new ideas expressed in propositional form. 'Concept
learning' being the subject of dieouseion,;ie further
elaborated here, leaving the other two typesvof learniﬁg.
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Ansubel et al (1978, P, 56) defines concepts &s
obJects, events, situations or properties that possess
common criterisl attributes and are designated by some
sign or symbol,wand'describes two methods of concept
~ learning: 1) Concept formation, whish takes place
primsrily in young children; and 2) Concept assimilation,
"which is the dominant form of concept lesrning in school
children and adults.

- In concept formation the criterial attributes
of the concept are acquired through direct experience,
through'successive stages of hypothesis'generatisn and -
testing and generalization. Thus young qhildfen cdme to
know the concept "dog" <through successive ensounters with
dogs, cats, cows, and .80 on, until they san generalize.'
those criterial attributes that constitute the'cultursl
concept of "dog". In this case tha'sign "dog" (or "dogzie")
is usually acquired before the concept, but the reverse
may occur for other concepts, such as "argument" or
"mammal"., Ausubel calls this a type of discovery learning.

As & ¢hild's»vocabulary increases, new concépts
can be;acquired through the process or‘cdncspt assimilation
since the'criterial attributes of new conéents can be
defined by use in new combinations of existing reterents -
available in the child's cognitive structure.’ While -
concrete-empirical props may also aid concept assimilation
in young children, it is possible to use existing relevant
conceptthousccelerategthe process of dsfining'ths'cfiterisl

attributes of new concepts.'-In'older children and adults,
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very few new concepts are learned by the process of
concept formation. These ideas suggest, that much of the
tésk for the teacher then is to look for the processes and
conditions that facilitate concept assimilation.

The problem that many students fail to grasp a
concept at the time it is considered by a class frustrates
the teacher. Why can some students grasp a particular
concept while others, of apparently comparable intellectual
ability and in the seme learning situation, cannot?
Assimilation theory suggests that they are missing relevant
subsumers in their cognitive structure that would enable
them to integrate the abstract ideas into the hierarchy
already present.

As argued by Pines and Leith (1981), children
are not receptacles into which knowledge can be poured,

The reason is not, as'many have been led to believe, that
‘children must discover for themselves, in order for
meaningful learning to occur (Piaget, 1976). Rather, it
is because of the inordinate influence that prior
knowledge has on subsequent learning, When two children
have different cognitive structures prior to instruction =
one with relevant concepts, the other with misconceptions
. (see Chaptér III) - their cognitive structures will diverge
further, subsequent to instruction. This is true even if
the instruction appears identical for both (Pines, 1977).
In other words, what the cpild hears and learns depends

upon which he or she already knows., Thus, there is no such
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circumstance as identical 1nstructién where a heterogeneity
| in cognitive structures exists (Pines & Leith, 1981).

V In the presence of the learning difficulties
already mentioned, Miller (1980) suggests that the task
- of the teacher then becomes two fold., First he must
diagnbse the knowledge of the student about subject matter,
and then he must guide the student to the appropriate
ievel in the hierarchy of concepts rélative to the student's
subject matter knowledge. Another important point -to be
realised, according to Pines & Leith (1981), is that
'because concepts are gompléx networkg of relations they
are acquired over a long period of time.' 1In fact, it
would be more accurate to say that concepts are never
wholly acquired., Concepts are not single entities that
are learned in an "all or none" fashion. Concepts become
differentiated in cognitive structure., That is, as a
concept establishes more relations with other'concepts it
can be said to be more differentiated., A first grade child,
8 high school student, an undergraduate majoring in '
physics, and a physicist all have some concept of "energy",
but there is an immense difference in the levels and
accuracy of differentiation (Pines & Leith, 1981).

An important distinction has been’madefby Gagné;
(1965) bvetween concept-léarning and principle-learning
in the following propositions: | | |
>1., There are at leést two different, important

kinds of phenomena commonly referred to as concépt-ieafning.'

One refers to the acquiring of a common response, often a
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name. to a class of objects varying in appearance., This
may beét be called concept-learning. The second refers
to the combining of concepts into entities variously
referred to as "ideas", "facts", "principles", or "rules".
This has been called as principle learning by Gagnei

| 2. The basic reason for the distinction between
tconcept' and 'principle' is that they represent two V
different kinds of lesrned capabilities.

3. If it is true that knowing a concept and
knowing a principle are two different capabilities, then
it is also quite possible that the conditions for learning
them are also different. '

Whether it is the learning of new concepts or
new principleé, Auéubel's theory implies that it all
depends what the learner already knows. Also, the degree

~ to which something new is potentially easy or difficult

to learn depends on two factors: the internal complexity
of the new material, and the relationship which it bears

to what is already known and the way in which that
knowledge is organized (McClelland, 1982), Moreover, as
suggested by Miller (1980), ‘choosing the appropriate level
in the hierarchy of subject metter ideas for the student

to begin the learning process may in itself be a formidabdle
task', A 14 year o0ld student will be missing some
important subsumers preventing him from studying relativity
theory, so where in the hierarchy of ideas should he

start? In this context, Ausubel (1978, p. 206) reccgnises

three learning stages on a continugmg

m—
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1. The pfe-school child cannot understand
concepts unless he can spontaneously relate his abstracted
criterial attributes to multiple aﬁecific but diverse
examples of the concept.

2. The elementary school child on the other
hand is typically capable of understanding the meaning of
a concept by directly relating its presented criterial
aftributes to cognitive structure, provided he is furnished
with concrete-empirical examples of these attributes.

_ 3+ Beginning with the Junior high school
(12 year 0ld) period the learner can understand and
manipulate abstract ideas and the relationships between
them directly. .

Children then leern in much the same manner as
adults except for the lack of concrete-empirical experience
and many fewer abstract ideas, The very young child will
add to its cognitive structure through experience with its
environment but will have a limited supply of organising
concepts under which to categofiee its experience, The
fund of organisers w;ll grow with time until the c¢hild is
able to add to its cognitive structure through verbal as
well as experimental means (Miller, 1980),

- Further, in order for meaningful learning to
.take place, three conditions must be met (McClelland, 1982),

1. The material itself must be meaningful, that

is, it must make sense or conform to experience, |
.2« The learner must have enough relevant
knowledge for the meaning in the material to be within

graspe
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%, The learner must intend to lqarn
meaningfully, that is, must intend to fit the new material
into what is already known rather than to memorize it
word-for-word,

Once a concept is learned meaningfully'by the
learner, he is in a fertile position to incorporate new
information into the concept with minimal effort. This
is one major advantage of conceptualized knowledgej; it
provides hooks for grasping new knowledge. Then as more
information is assimilated the original concept is
re-organized, its meaning extended, as well as its
discriminatory and predictive powers. The economy of
learning concepts results from more coming out than going
into the learningj understanding is increased and thought
is amplified and memory load reduce@.

As the student gains éxperience in forming
concepts he increases his competence for doing so. He
shifts from strategles with poor results and adopts others
seemingly moré profitable (Hurd, 1971). A strategy is a
search plan for arriving at a goal with a minimum of -
effort. In learning science it'is an informed guess based
upon previous experience tempered by a heuristic behaviour.
In helping a student to learn a concept it is as important
to know what stratggies he is using to code his data sas
it is to know the extent of his information. This
viewpoint suggests that students deveiop certain skilié to
learn new'concepts, and the condition 3 above described by

McClelland (1982) suggests that the students' attitudes
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about subject matter may be as important as their
knowledge (Miller, 1980) for the meaningful learning to
take place, A similar viewpoint has also been put
forward by Osborne, Bell and Gilbert (1983). They argue
that what applies in relation to scientific knowledge,

" also applies to scientific skills and attitudes.
Children bring to science lessons not only their views of
the world and their meanings of words (i.e. children's
science, see chapter III), but also their own methods of
investigation, their own ideas about what constitutes
adequate explanations, and their own outlook on science,
All these profoundly influence learning, including the
motivation to find out how and why things behave as they
do (Tasker, 1980 and 1981; Stead, 1981)., These views
suggest that for the effective teaching of science
concepts, it will be important for the teacher to know

a) the prior knowledge of the children, b) their strategies
or methéds of in&estigation. and ¢) their attitude towards
the subject matter to be taught. The next section
discusses the 'teaching of science coﬁcepts'. and thus
tekes into account the necessary conditions for effective

teaching of science concepts.

2.5, THE TZACHING CF SCIENCE CONCEPTS

As described earlier, Ausubel et al (1978, p.23)
differentiates among various types of classroom learning

to make two crucial process distinctions. He makes a
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distinction between reception and discovery learning and
anotﬁer between rote and meaningful learning. The first
distinction is significant because most of the understandings
that learners acquire both in and out of school are
presented'rather than discovered. And since most learning
material is presented verbally, it is equally important

to appreciate that verbal reception learning is not
nécessarily rote in character and can be meaningful without
prior non-verbal or_broblem—solving-experience.

Novak (1978) identifies a major confusion
concerning meaningfﬁl learning and fhe choice of appropriate
teaching methods. In his view, many of the major curriculum
projects developed during the 1960s made the fundamental
error of equating a rote-meaningful learning dimension with
a reception-discovery teaching dimension. In other words
rote learning was identified with reception methods
(didactic, lecture style presentations) and meaningful
learning with discovery methods. However, Novak suggests
that these two dimensions should be regarded as
independent.

qn

FromAusudelian viewpoint, meaningful learning
can result from receptioﬁ or discovery methods, as can .
rote learning., The key pre-requisite for meaningful
learning is that the learner should possess relevant prior
concepts so that new knowledge can be consciously
integrated into the existing cognitive structure. If
these prior, relevant concepts are not present, then
rote learning wiil result independently of whether

reception or discovery methods are used. Discovery
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methods can be as disastrous as didsctic tesching, and
conversely, both can be equally effective. According
to Ausubel et al (1978) and Novak' (1978), it ell depends
on what the learner already knows. v
| According to Ausubel's Theory, the crucial test
for meaningful learning is the ability to soclve relevant
novel-probléms. If a student has learned meaningfully
some aspéct of gene structuré or function, he should be
able to solve novel problems of genetics that are relevant
to that learning. Novak (1976) suggests that problem-
solving ability derives from cognitive structure

~differentiation and that it is concept specific. To be

sure, some broad concepts bear upon a wide érray of
problems, but usually more specific, subofdinate concépts .
are also needed to solve a given problem. Thus, from an
Ausubelian view. there’ls no general strategy or logic

of discovery, except the general strategy of meaningful

‘learning.  And meaningful learning is primarily a function

of concept development and integrative reconciliation,
Novek (1976) further argues that the act of
probléd solving is actually a process ot meaningrul
leerning. As an individual gathers information from the
problem Situatidn, he meaningfully internalizes new
elements, thus differentiating some concepts further and
forming new associations among aubordinate and ror Ry
superordinate concepts. Problem solving is in reality no

more than a special kind of meaningrul learning.
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Ausubel (1968, P. 455) describes the controversy
over "teaching style" as caused by ambiguity in the
meaning of terms. For Ausubel, variability in teaching
atyle is both inevitable and desirable., Styles of
teaching vary, in the first place, because teachers'
personalities vary. What works well for one tesacher may
be completely ineffective for another, A teacher should
therefore adapt his instructional style to strengths, and
weaknesses in his background, personality, and preparation.

Further, it 1s also éesirable for teaching
styles to vary because of variability in pupil needs and
characterietics. Important characteristics are intelligence,
anxiety level, interest in subject matter, the prevailing
degree of esuthoritarianism in the adult-child relationship
that is tynical of a given socisl class background, and
the students’degree of independence and security. Lastly,
appropriate teaching style is always relative to the
narticuiar educational objective,

| The Ausueelian strategy for presenting new
material is to develop a stable anchorege as quickly as
poesible by giving the learner a set of statements at a
high lefelror generality, and then using specific instances
to develop their meaning., Initially the general statemants
heve little meaning, so the underlying concepts are vague
and limited., Experience with the widest possible range of
examples, specifically related to the statements, |
cleriries and refines them to the point where they can take

over, At first the statements act as a clue that something
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worthwhile is to be learnt and act as a guide to what
that learning will be like (McClelland, 1982),

At another place, McClelland (1982) suggests
that when any aspect of science is first introduced, its
theoretical ideas will be unfamiliar to children., They
will not possess organized knowiedge and experience to
which the ideas can be related directly. The first task
then is to reduce it to key statements in language which
is accessible to the learners. This does not mean that
every word used must be within the existing vocabulary of
thg learner, nor does it mean that every word must be in
common use in the society, The key statements act as
signals that something is to be learnt and act as a linking
framework for specific examples and experiences,

The second task is to devise means for
exemplifying the statements, showing their power to
explain end impose coherence on perceptually différent
phenoﬁena. The third i1s to alert the learner to examples
in the environment, not contrived for teaching purposes,
to which the ideas apply. As the process continues the
learner gradually moves from using the examples to give
meaning to the key statements, to using the statements to
ﬁnderstand new examples,

McClelland (1982) sees three general conceptsy
'energy', the 'particulate nature of matter' end 'adaptation'
as impqrtant at all stages and believes themlto be
accessible to children before the age of eleven in a form

which will enable them to impose coherence on much of their
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environment., He summarises a strategy which has been used
by him with children in the age range 7 - 8 years. The
overall concept of energy was conceived as based on the
following hierarchy:

Conservation of energy

energy as an entity (the ability to cause changes)

class names of forms of energy

class names of properties: moving, elastiec,

hot,vetc.

class names of specific objects used in examples,

The key statements used weres

'Energy is the ability to meke changes'

'Energy is never iost.or destroyed: it is

changed from one form to another',

- In addition, a list of forms of energy; kinetic,
poteptiél. elastic, chemical, heat, light and sound was
provided, It was found that under individualized instruction
(audiotutorial) conditions, five lessons each of about
fifteen minutes' duration could bring about very satisfactory
learning outcoméé.

: Another example used by McClelland is in the area
of 'Particulate nature of Matter'. He considers this area
to have the least initial accessibility because the evidence
for it is largely by inference ahd analogy.

Examples of key statements used were:
= Everything is made up of very small pieces
called molecules |

- What we see, feel, and smali depen&é on what
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sort of molecules there are, and how they are
- organized .
~-Different materials are made up of different
molecules
- Living things have special large groups of
molecules called cells |
- Dirterént parts of plants end animals are
made up of different cells,
| In a similar context, Miller (1980) considers
the teaching of physics. Following Ausubel, the broadest
concepts should be presented to the learner first., Our
task then 1s to organise the concepts of physicslin a
hierarchical fashion. Immediétely we have a problem
because the most general concepts in physics are relativity
and quantum theories., ILogically this should be taught to
the student first ﬁut it may not be possible because the
student does not have relevant subsumers in his ¢o§nitive
structure, such as those provided by mathematics or
chemistry. Miller suggests that there afe at least three
dirferent paths we can take to solve this‘problem. |
‘1. We can come down to the next level of broad
concepts and see if the student has the subsumersbto link
those concepts into his cognitive structure, continuing‘
this procéss until we reach the level in the hierarchy
appropriate to the students we are teaching,
2. We can teach the theories at a level of
sophistication appropriaterto the student, explaining to
the student that they cén‘study the theories in more detail
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at a later date when theykhave acquired the subsidiary
subsumers, |
A 3, We can use a combination of (1) and (2),

simplirying the more general theories until we have come
down in the hierarchy to a level the student can handle
rigorouslye.

Ausubel (1968) presents another important idea
‘for teachers and that is the term "preconception"

(see Chapter III). Nussbaum and Novick (1982) report
that:

'Preconceptions often interfere with
intended learning outcomes., When a student
retains and continues to use his preconception
to interpret classroom information, he is
likely to give it meaning which differs
from or even conflicts with the meaning
intended by his teacher, It is possible
that the learner is not even aware of this
gap and that he is perfectly satisfied with
his own interpretation. thinking that such
was also his teacher's intention, The
teacher too can be totally unaware of how
the student has internalized the new
information end when he does sense that
something is amiss! he will often attribute
it to the students' "not understanding"
but of "understanding differently" from
what was intended,'

Quite similarly, Champagne et al (1983) report
that tneir work on mechanics has demonstrated that
student's existing knowledge can also adversely affect
their sbility to learn from science instruction. Their
study'rurther indicates that it is not the students' lack
of:nrior knowledge that makes lesrning mechanies so
‘difficult, but rather their conflicting knowledge.,

Because of this rnle of preconceptions,'Ausubeifet al (1978)
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pointed out that "preconceptions are amazingly tenacious
and resistant to extinction.™ He therefore states that:
‘... unlearning of preconceptions might

prove to be the most determinative single

factor in the acquisition and retention
of subject matter knowledge,'

A, o
These ideas poiht to the need for a new view \“ ;’
of science teaching (Osborme, Bell end Gilbert, 1983). “
Science teaching, in so far as it is concermed with
encouraging students to be aware of, and possibly even
adopt alternative views of the world and meanings for
words, needs to build on or confront, but certainly not
ignore, children 8 science.‘ These researchers further K
| suggest that 1r an objective of science teaching is to
help children to modify their views of the world and
meanings of words, then we need to consider how we might
encourage them to change their views, Accordingly to
Hewson (1980), children must first find their present
conceptioﬁs unsatisfactory. For this to occur, the child's
present viewpoint has to be recognized by him or her as
inadequate; this could happen if the viewpoint failed to
anticipate correctly or to control evénts. The need is
for well-chosen learning experiences, which will highlight
to the child the inadequacies in a present view. However,
dissatisraction with a present view-point is not a
sufficient reason for a c¢hild to change a viewpoint., What
is also required if a child is to change a view, is access
to & new and better idea with which to replace it., This

new idea needs to be, according to Hewson (1980):
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a) intelligible, in that it appears coherent and
internally consistentj ’

b) plausible, in that it is reconcilable with other
aspects of the child's view of the worldj

¢) fruitful, in that it is preferable to the old
viewpoint on the grounds of perceived elegance,

< AW
parsimony and economy. 1513 Q{{»j
b

Héwson also emphasizes the dynamic nature of the
views children hold, by indicating how dissatisfaction and
the status of a particular viewpoint are linked and how
these together change with time: ‘'dissatisfaction comes
from loss of fruitfulness and plausibility and th;\\\“xx\ TS
reduction of dissatisfaction comes from increased :
plausibility and fruitfulness' (Hewson, 1980).

Osborne, Bell, and Gilbert (1983) imply that one
of the problems of teaching science is that the scientists!
viewpoint may sppear to the child to be less intélligidle,
plausible and fruitful than the child's present view. In
practice what does all this imply for what and how we teach
children in science classrooms? The Learning in Science |
Project (1982) offers teachers the following suggestions:

1.  We mneed to identify, and be familiar with,
children's current views,

26 We neéd to design curricula which ﬁuild on,

‘ rafher than ignore, children's views, |

3 We must provide challenges and encouragement for
children to change their views,

4, We must support pupil's attempts to rethink
their ideas,



82

Se We must be sensitive to the possible pupil

outcomes of a teaching episode.

. In the science education context, Gilbert, Osborne
énd Fensham (1982), have suggested a set of possible
outcomes to a teaching episode. Osborne, Bell and Gilbert
(1983) suggest that by being sensitive to these outcomes we
may then be better able to appreciate the real effectiveness
of our science teaching. These outcomes ares

The new view is
1.  simply rejected
2. misinterpreted to fit in with, or even support,
present views
e accepted dbut in isolation from present views
4, accepted but leads to confusion
S5e accepted and forms a coherent view of the world.

Finally, we would again refer to the principle

stated by Ausubel et al (1978): 'The most important single

factor influencing learning is what the learner already
knows. Ascertain this and teach him accordingly.' Also,
there is‘no escape from the fact that all learning is a
highly personal activity (Summers, 1982). The total message
is clear, if we are to start from what the learner knows
and teach him or her accordingly, there is an implication
that we must know our students as individuals and explore
their ideas and beliefs with them,
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2.6, NEW STRATEGIES FOR THE TEACHING OF SCIENCE

In the development of science curricula, the
existence of children's scienee has usually either been
ignored or inadequately considered (Fensham, 4980).’ The
two different assumptions (Gilbert et al, 1982) on which
previous science teaching has usually been based are:
Firstly, the 'Tabula Rasa' or 'Blank-Minded' assumption
which by implication underlies many modern curricula
(Fensham,r1980). It is assumed that, prior to formal
teaching, the learner has no knowledge of a topic. Teaching
is bssed en the supposition that the learner's 'blank-mind’
can be 'filled' with teacher's science. The second
alternative strategy or assumption is that of 'Tescher
Dominance', In this case, it is assumed that, although
learners may have some conceptual view of a new science
tepic,before being taught it, this understanding has little
(no) real significance for learniné and can be easily
replaced, According to this view, if children's science views
do exist, they are not strongly held and are easily replaced
through science teaching. This assumed thet childres's _
views do not affect their understanding of the teacher's‘
message and what childres learn is determised solely bj the
teacher's lesson,

In contrast to these assumptions, evidence that
students naive conceptions are both pervasive and persistent
is provided by substantial research in several countries.
These studies demonstrate.thst for severai scienee eentent

areas:
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1. people, young and old, have desoriptive and
explanatory systems for scientific phenomena that
develop before they experience formal study of
sciencey

2. these naive descriptive and explanatory systems
differ in significant ways from those studehtg
are expected to learn in their study of sciencey

3., the naive descriptive and explanatory systems show
remarkable consistency across diverse populations,
irrespective of age, ability or nationality

4, the naive systems afe remarkably resistant to change

" by exposure to traditional instructioﬁal methods
- (Champagne, Gunstone and Klopfer, 1983).

In the light of these findings, there is a need
to base the process of curriculum development and the .
teaching. of science on recognition of children's views of
science., The assumption on which science teaching could be
based has been called by Gilbert et al (1982) as ‘'Student
Dominance' assumption,

As argued by Gilvert et al (1982), for those who
operate on the basis of either of the assumptions (Tabula
Rasa, Teacher Dominance) the evidence presentedkhere has
no implications for science teaching, because its existence
will be denied or ignored. But, for others who wish to adopt
the alternative assumption, an immediate qﬁestion will seek
information what about the classroom tactics that are needed.
In this regard, mané suggestions have emerged; ‘Fensham (1980)
proposes some new objectives for education; whilst others
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suggest teaching stratégies for science teaching. Some

strategies are presented below under the names of the

researchers who have proposed them.

1, Nussbaum and Novick (1980)

\ which has
(1082) as
i.

ii.

iii,

These researchers have produced a lesson framework

been summarised by Gilbert, Watts and Osborne
followss
Create & situation, the explanation of which is

a central issue in the topic under consideration,
which requires the students to evoke their
personal views in order to interpret it,

Encourage the students to present verbally and
pictorially their own interpretations of the
situation,

Assist the students in stating their ideas clearly
and concisely thereby meking them aware of the

~'elements of their personal views.

ive.

Ve

Encourage a confrontation in which the students
discuss the pros and cons of the different
interpretations presented, ;
BEncourage the students to test the ideas contained
in their interpretation against experimental
observations and thereby realise the need for

accommodation in order to eliminate contradictions.

2.  Minstrell (1982)

Minstrell argues that there are several things a

teacher can do to help students develop a more generally

applicable cognitive structure. He proposes a number of
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instructional procedures for this purpose: First prepare
an engaging social context, one in which students will put
their thoughts about the situation up for consideration,
free from fear of béing chastised for being "wrong". If
students are graded down for being "wrong" at this stage,
this will add evidence to the belief of some students that
science is knownr only through the knowledge of some authority.
Encourage expression of the various alternative explanations,
Allow the validity of the explanations to be determined in
the light of observational experiences and rational
argument.

| For example, next, Jjuxtapose several instances of
an object at resty on the solid table, on the out-stretched
hand, on the bendable table or spring or rubber band, etc,
Third, encourage arguments that explore similarity in
effects and explanations across an apparent diversity of
instances of objects at rest.. Finally, allow students to
argue for and choose simplest explanation that explains the
most phenomena. -

3. Solomon (1983)

Solomon argues that reason for the commonality of
chiidren‘s viewpoints and their persistence is not far to
seek, She holds & view that in daily conversation and
through the mass media, our children are confronted with
imblicit assumptions about how things move, their energy and
their other properties, which can be directly at odds with
the scientific explanation thay they learn.at school,

Outside the school laboratory, these adolescents are
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continually being 'socialized' into a whole repertoire of
non-scientific explanétions. Examination of newspaper
reports and every day language makes clear the pervqsiveness
of this subversive process., Commenting on Duit (1981) and
Viennot (1979) she says: although both these authors have
correctly traced the source of such popular misconceptions,
they still express surprise, and are concerned that means
should be found to extinguish them. For Solomon, the logic
of the situation ddtermines ptherwise.

She believes, such socislized knowledge cannot
ever, bj its very nature, be extinguished., Whether or not
ouf pupils become successful in science, they must never
lose the ability to communicate. It would indeed be a poor
return for our science lessons if they could no longer
comprehend remarks like 'wool is warm' or 'we are using up
all our energy'. What we are asking from our pupils, then,
is that they should be able to think and opefate in two
different domsins of knowledge and be capable of distinguishing
between them. These domains are: The 'Symbolic Domain'b
and the ‘'Life-World Domain'., |

These two co-existing spheres, according to
Solomon, are very dissimilaer both in their genesis and iﬁ
their mode of operation, and crossing over from one domain
of meaning to the other involves an abrupt diséontinuity of
thought. The movement between the twoldomainé is difricult
on two counts., First, the life-world situstion-meanings

spring too readily to mind, and secondly 1hductioh‘rfom‘the '
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concrete and particular to the abstract and general is
" always hard and uncertain. . For exactly the same two
reasons the Jjourney back into the life-world, to find
examples of the theory, is hlways easier,

Moreover.'ease of movement between these two
domains is not symmetrical for the two different directions,
The initial difficulty is often concealed during lessons,

We may induct our students so swiftly from concrete examples
into the domain of physics that they hardly notice the

transition. She further argues that:
'The deepest levels of understanding are
achieved neither in the abstract heights of
‘pure' physics, nor by a struggle to
eliminate the inexact structures of social
communication, but by the fluency and
discrimination with which we learn to move

between these two contrasting domains of
knowledge,.'

The strategles described in this section offer
three guidelines for the science teacherss
i. Cﬁildren should bYe encouraged to express their
own views in a free situation,
ii. Childrenfshould be confronted with different
' situations and be alldwed to test their own views
against experimental observations.

iii, It is easier to move children's views from abstract
and general to concrete and particular rather than
reverse,

Gilbert et al (1982) also express similar views
saying that we all néed, as teachers, to listen to, be :
interested in, understand and value the vievslthat children:

bring with them to science lessons,
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CHAPTER III1

INVESTIGATING CHILDREN'S CONCEPTS

3«1 CHILDREN'S CONCEPTS

Ausubel (1978, pe. 101) suggests that as a concept
is acquired, gradual changes in the characteristics of
that concept can be detecfed. It becqmes less diffuse as.
the learner focuses on critical attributes. A concept
becomésrmore gensral and hence more widely applicable as
the learner separates the concept from particular
instances of the concept.

Ausubel rurthef argues that the use of the same
terms or concept labels by different persons does not
necessarily imply uniformity of understanding of the
underlying cognitive content. Because concept learning is
based on individual experience, the concepts themselves will
tend to have idiosyncratic associations. ‘

, Ausubel (1968, 1978) uses the term 'preconception'
for the ideas expressed by the individuals which sometimes
do not have the status of generalized understandings
characteristic of conceptual knowledge. Referring agsasin
to Ausubel (1968, p. 335) he suggests.that the role of
preconceptions in determining the longevity and qualitative
cqntent of what is learned and remembered is crucial, and
méy very well be the most important manipulable factor in
the individualization of instruction, and the unlearning of

preconceptions might very well prove to be the most
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determinative single factor in the acquisition and
‘ retention of subdect-matter knowledge.

- The key.idea in Ausubel's theory (See Chapter II)
is the nature of meaningful learning as contrasted with
rote learning. Ausubel's distinction as illustrated by
Novak (1983) is simple and.also profound, He defines
meaningful'learning as the non-arbitrary, non-verbatim,
substantive incorporation of new knowledge into‘a person's
cognitive étructure. whereas rote learning is described as
arbitrary, verbatim, non-substantive incorporation of new
knowledge into a person's cognitive structure,

As argued by Novak (1983), the principle of -
meaningful learning includes the idea that each of us has
a unique sequence of learning experiences and hence each
of us acquires idiosyncratic meanings for cbncepts;v For
this reason, Ausubel chose to use the word subsumer or
squuming‘concépt to designate the functional unit in
memory of each person. Each culture has more or less common
meanings‘for the word labels’ror concepts, but esach
individual's subsumers are in at least small ways
idiosyneratic., In some instances, thé idiosyncratic
mééhing departs widely from the culturally accepted méaning

and we éay the person has g misconception or alternate
framework. |

' The fact that children tend to develop their own
conceptions or preconceptions about certain aspects of the
physical world has been known for a lbng time., Formal

research on this topic can be traced back to the earlier
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work of Piaget (1929; 1930) in which the clinical interview
technique (see later) was employed for the investigation of
child:en‘s interpretation of natural phenomena. It is only
recently that research workers in the field of science
education have begun to realize the full educational
implications of this form of knowledge (Zylbersztajn, 1983).

Gilvert, Osborne, and Fensham (1982) report that
research studies in recent years have shown that children
have beliefs about pow things happen and expectations which
enable them to prediet future events. Evidence is
accumulating from a wide variety of sources to show that,
on the basis of their everyday experiences of the world,
they hold these beliefs and expectations very strongly.
Moreover, children have clear meanings for words which are
used both in everyday lénguage and also in formal science,
Such views of the world, and meanings for words, held by
children are not simply isolated ideas but rather they are
part of conceﬁtual structures which provide a sensible and
coherent understanding of the world from the child's point
of view.

The research evidence also indicates that
children's conceptions, in the form of expectations, beliefs
and meanings for words, cover a large range of science
concepts (see‘later). Moreover, as pointed out by Summers
(1982), all students of whatever age and even if they have
done no science before, will have acquired during their
lives their own views of the world, their own cognitive -

structure, Pines and leith (1981) suggest, 'what the student
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knows prior to instruction may be labelled as : .

0dds -~ that are inconsistant - with the contemporary
scientific framework, are often called "ﬁisconceptions".
To think however, that these are silly mistakes that can
easily be rectified through instruction is naive. Nothing
can be further from the truth.'

Hoz (1983) take a similar view and compares the
nature of a 'conceptual framework' and that of a
‘misconception.' According to Hoz (1983), a conceptual
framework (often referred to as a schema or knowledse
structure) is a system of interrelated concepts,
propositions and procedures. It is designed to account for
a knowledge domain, for its parts and aspects, or for the
pefformance on a task within this domain. This neutral
(non-evaluative) definition does not Jjudge a conceptual
framework as correct or incorrect as long as it apparently
aécounts for é certain pheﬁomenon. The framework is

considered inadequate if it does not fully explain what it

is designed to explain. It is considered incorrect when

it is incompatible with the current scientific explanation,
Hence, for a conceptual framework to be incorrect or
improper it is sufficient that either (1) at least one of
its concepts or propositions (rules) is incomplete, partial,
or has an incorrect or improper meaning, or (2) it is ‘
applied either incorrectly or in an improper context.

A misconception is an evaluative term that refers

to an improper or incorrect conceptual framework. It

. U
"pre-conceptions". Those pre-conceptions that are at \&ﬁ“
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indicates a mismatch between a conceptual framework held
by ‘a person (or a group of persons) and the "correct" one.

Driver and Easley (1978) take a different view.
They argue that many notions c¢hildren hold are used in a
range of situations'and have the characteristics or
elementary models or theories. The term 'misconception’
is sometimes used in this context, with the obvious
connotation of a wrong idea, Research reported on common
misconceptions in various areas of science reflects the
fact that this term tends to be used in studies where pupils
have been exposed to to:mal models or theories, and have
essimilated them incorrectly. A distinction needs to bde
made between this source of misunderstanding and the
situation in which pupils have developed autonbmous
frameworks for conceptualising their experience of the
physical world; these Driver and Easley call ‘alternative
frameworks.' They further argue that in learning‘about the
physical world, alternative interpretations seem to be the
product of pupil's dimaginative efforts to'explain events
and abstract communalities they see between them,

Osborne (1980) suggested the expression "Children's
Sclence" to signify pupils' world views which do not conrormrN&“
with the accepted scientific ones. Osborne et al (1983) L}%’?fﬁ

V1
Y

illustrate the term further saying that by children's
science we mean the views of the world and meanings for -
words that children tend to acquire before they are formally

taught science.' Children's science develops as children
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attempt to make sense of the world in which they live in
terms of their experiences, their current knowledge and
their ﬁse of language. Across a population a range of
meanings would exist for a particular word., Every child
"would employ a range of words, the sum'or which would
constitute a large part of the individual's ‘'children's
science.' The meanihg for a word which was held by a
consensus of the scientific community, has been described
as being part of 'scientists' science.' A detailed account
of children's science and scientists' science appears in He
next section which compares the nature of children's ideas
end that of the scientists.

To signify children's own ideas or beliefs, Claxtbn
(1982) suggests that children develop "mini-theories,” and
use them like "gut science" and "lay science™ in order to
contrést them with "school science" (quoted from
Zylbersztajn, 1983).

The disqussion in this section has identified
that ¢irferent terms are used to describve cﬁiidren's "ideas"
of science but this discussion i1s not exhaustive., Although
different researchers have used different terms for the
children's inconsistent ideas e.g. 'Misconceptions' byy
Doran (1972), Za'Rour (1975), Helm (1978; 1980), Hoz (1983)
and Ivowi (1984); 'Preconceptions' by Novak (1977)%
'Alternative frame-works' by Driver and Easley (1978), and
Watts (1983)3 'Children's Science' by Osborne (5980), |
Gilbert et al (1982) and 2Zylbersztajn (1983);>and 'Néivﬁ
Conceptions' by Champagne et al (1983), the present study
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prefers to use the term 'misconception' whenever reference

is to be made to children's inconsistent ideas or when

the ideas are at variance with the established scientists'
ideas, The selection of this term has been made deliberately
keeping in view the aims of the study. As the study aims

at identifying children's ideas that are at odds or
inconsistent with the contemporary scientific frame-work
(Pines and Leith, 1981), wrong ideas (Driver and Easley,
1978), common errors in the popular notions of scientific
facts and conéepts (za'rour, 1975), and to help in the
design of teacher trainihg programme to modify children's
wrong ideas, the term 'misconception' signifies the most

appropriate meanings for children's own ideas,

3.2, CHILDREN'S SCIENCE AND SCIENTISTS' SCIENCE

The purpose of this section is to coﬁpare and .
contrast the views of science held by children and thése
held by scientists. In the previous section, children's
science has been described as the views of the world and
meanings for words that many children acquire before they
receive formal science lessons (Osborne et al, 1983), 1In
this section, scienfists' science will mean the generally-
accepted viewpoint of the scientific community regarding
any particular aspect of science, ‘

In drawing attention to the similarity of nature .
of views held by young children and scientisté, Vicentini-
Mossori (1980) writes:



96

_ 'Children like scientists, use
similarities and differences to organise
facts and phenomena and, in the observation
of facts and phenomena, search for
elements, and relationships among elements,
to build structures of relationships. In
addition, children, like scientists,
gather facts and build models to explain
known facts and make predictions.’

" The similarity described here comes about es

children (like scientists) attempt to make sense of the

world in which they live in terms of their experiences,

their current knowledge and their use of language,

In contrast to this indication of similarity of

views and processes, Osborne et a1 (1983) point out there

are at least three ways in which children's science differs

from that of professional scientists:

1.

Young children seem to have difficulty with the
kinds of abstract reasoning which scientists are
capable of, They tend to view things from a
gself-centred or human-centred point of view, apd
they consider only those entities and constructs
that follow directly from everyday'experience.
Quoting Layton (1973), Osborne et al (1983)
further argue that the current scientific viewpoint
has emerged in Just the last 250 years. It has
involved the introduction of conceptions for which
there are no directly observable insténées, e,
atoms, electric fields, and conceptions whichﬂhave
no physical reality, e.g. potential enefgy;l Sﬁéh “
conceptions are outside the child's experience and

thus cannot be part of his or her‘scientiric
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viewpoint.

Children sre interested in particular explasnations
for gpecific evenfs. Unlike scientists they are
not concerned with the need to have cohersnt and
non-contradictory explanations for a variety of
phenomena, With their limited experience and
concern for a specific explanation only, children
can lateh on to any one of a number of possible
explanations which are reasonable from their more
restricted outlook.

The abstract concepfions which have been created
bykscientists have not only enabled the explanatory

and predictive power of science to increase, but

| have also led to a considerable coherence between

scientific theories, However, unfortunately, for

the teaching of science, the abstract conceptions

and coherent theorlies are connected to everyday

observable phenomena by increasingly complex

"reasoning: for example, although Maxwell's

equations do account for everyday electrical
phenomené. e.g. lightning, they do not do so in a
simple way. While scientists have become
incréasingly interested in coherent theories,
children are much more interested in éimple
pragmatic explanations for things that occur in
their familiar world and are not foo concernéd ir
two theories each explaining a different situation,

are mutually inconsistent.
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The everyday language of a society often leads
children to hgve a view distinetly different to
the pcientiats' view, Such views may not change
as the child grows older, or they may even become,
with time, inecreasingly different from scientists'
science., In both cases it becomes more difficult
to effect a change to the scientists' view as time
passes (Osborne, 1981), For exaﬁple. Bell (1981)
has found that young children often have a more
scientific meaning for the word 'animal' than do
older children, |

In developing views of the world, scientists have
found it necessary to develop a technical language
where words have specific meanings and quantities
have unambiguous definitions. This contrasts with
the fact that children often do not appreciate the
need for precision of language. Unfortunately,
many of the words used in science have everyday |

meanings which are subtly different from their

scientific meaning, e.g. work, force, power,
friction, energy, animal, plant, This creates
great problems for children learning about
scientists' viewpointé.

In summary, children and scientists both have |
views about the how and why things behave as they
do and meanings for words used in science,

However, children's views and meanings can be quite
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different to scientists' meaningé. wWhat needs

to be remembered from the point of view of
science teaching (Osborne et al 1983), is that
in terms of the child's mentgl maturity,
experiences and 1anguage, the child’s view of a
particular phenomen.s»may appear far more sensible
and logical to him or her than the scientists'
viewpoint. For example, to a child heavy things
fall faster than light objects whilst to the
scientist they both fall at the same rate but air
resistance slows some objects down depending on

their shape.

3¢5+ RATIONALE FOR THE INVESTIGATION OF CHILDREN'S CONCEPTS

According to Ausubel et al (1978, p. 94),
'Concepts serve many purposes in cognitive functioningee..
and, one of the principal functions of exiéting concepté in
cognitive structure is to facilitate the acquisition of the
new conceptsSeess's Similarly, Gagne (1977, Pe 185) suggests
that 'it would be difficult to over-emphasige the importance
of concept learning for formal education, The acquisition
or concepts is what makes learning possible’,

B "Also, as discussed before, Ausubel (1968. Pe 335)
draws bur attention to the potent role of preconceptions in
inhibiting the learning and retentibn of scientific concepts
and principles. Ausubel (1968) further argueé that '
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'‘Preconceptions are amazingly tenacious
and resistant to extinctione...’
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¢

L
N i
o
/\‘

An impoftént ﬁrecdnditidn for Ausubel (1968,
P. 337) for instruction in science is 'to ascertain what
the more common preconceptions of learners ére by means of
apprepriate pré%ests, and‘thenlto match the suitably
tailored organizers with pupils exhibiting corresponding
pre-conceptions’',

. If these views of concepts on the basis of science
teaching and learning are accepted then as argued by
Osborne and Gilbert (1980), it would appear desirable to
investigate students' understanding of basic concepts for a
number of reasons., Firstly, from a learning-theory
viewpoint, an analysis of studénts' conceptual understanding
of words used in a particular subject may well need to
precede gnalyses of more complex understandiﬁgs and skills
required of students in that'subdéct, for example problem-
solving abilities. Secondly, from a less theoretical
. viewpoint, an analysis of students' conceptual understanding
of words used in a science subject could be used to raise .
teachers' awareness of the possible perspectives pupils may
bring to, and difficulties pupils may have~inj#%cience
classroom.~,Téachers' greater awareness stemming from therw
analyses should enable more effective communication to take.
place., ‘ ‘ SR

To fulfil these aims of investigating 6hﬂ&ren'a
understanding of various concepts of science, réquires‘thﬁt :

appropriate investigation techniques be selected for this
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purpose.
The next section reviews the various techniques

of investigation used by different researchers whilst later
sections Justify and describe the particular technique
selected for the purpose of the present study.

Selte -REVIEU OF INVESTIGATION TECHNIQUES

Different researchers have employed a variety of
approaches in en effort to investigate some aspects of
students' ideas and this diversity of approaches hag
created a proliferation of cognitive commitments. The net
results of this situation according to Driver and Erickson
7(1983) are: considerable confusion over the types of
commitments which should be identified and described, a
debate over appropriaté data gathering and data analysis
techniques and difficulties in extending or even
replicating studies.

_Sutton (1980) suggests that if a teacher can
diagnése what is already knqwn, then ways may be found of
connecting new knowledge to old and 'school knowledge® with
‘everyday knowledge. Ausubel's theories have helped to
articulate this approgch and to oreate a sense of
ahticipation that the description of '‘cognitive structures'
will form a new frontier for research in science educatibn.

| Sutton further argues that despite the importance
and attractiveness of the idea, the difficulties are |
formidable, Reliable techniques are needed both for finding
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out about a person's mental patterns and for representing
them on paper and for making use of the information.

He .surveys the tecﬁniques used in attempts to probe the
learner's 'structure of ideas' and classifies them into

four groups which are briefly described below,

3e441, THE CLINICAL INTERVIEW

This is one of the oldest tschniques for
exploring children's thought. Plaget used it to discern
not the content of a child's mind but his habits of mental
'proce&ure',. the dynamics of his thought rather than its
statics and thus the mental 'oﬁérations'. and the inferred
'schema%a' on which these might be based; Pines et al
'(1978) have adapted the method to their own idea of
cognitive etrﬁcture, vhich gives greater prominence to
connections in thought-content, but they retain the basie
approach of a conversation with one ¢hild around the
stimulus of some material or phenomena, - The interviewer
attempts to combine two almost incompatible features =
letting the child talk freely, and yet probing to check the
basis of his reasoning. So the ;nterview starts with open
questions, and acceptance of all answers, following the
child's reasoning wherever it leads, later, the interviewer
may.probe more specifically to encourage elaboration of
earlier answers, and to get the child to give reasons for

his inferences, or make predictions,
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Provided the c¢hild has a clear understanding‘or
the interviewer's intention, this method does give him
the greatest chance to display his reasoning, dbut it takes
a long time, and its interpretation is problematic. How
can the information from a lengthy transcript be condensed?
Erickson (1977) in her exploration of ‘patterns of student
beiiefs' about heat; summarizes the interview in a
‘conceptual inventory'. Pines et al condense their
information by translating the interview transeript firstly
into a set of propositions and then into diagrammatic form,

as a 'semantic network' or 'concept map'.

3.4.2, WORD=ASSOCIATION TASKS

Preece (1978) gives a comprehensive review of
work on word associations and related techniqpes. When a .
child is presented with a word and then responds with thé
first word he thinks of, or with a succession or words,
going back‘to the stimulus word each time, there is
émpirical evidence for some connection in the child's
awarness, at least at that moment and in that situation.
Ir‘this same assoclation is repeatable it might be’
important for the comprehension of future informatidn.
The attraction of this technique is that it allows an ,
operational definition of connectedness, and is amenable to
quantification., For example‘the overlap between response‘
lists(triggered by different stimulus words‘can be used td :
galculafe '‘relatedness coefficients' of "semanticﬁkk L

distances’,
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3.4.3. WRITING OR SELICTING A DEFINITION

Schaefer (1979) includes writing a definition

as a technique in his investigations of the concept of
growth. Because the respondent has to compose a
statemenf in his own terms, he has the opportunity to
consider all the ideas available to him about the topic.
No doubt the act of composition can help to make more firm
any incipient structure of the knowledge which is not yet
well established,

~ Kempa and Hodgson (1976) used the technique of
allowing the respondent to choose one definition from
several all of which can be regarded as correct. This has
the advantage that it is accessible to pupils who may find
composing their own definitién difficult, and therefore,
give up and it also lends itself to quantitative processing
of the results of the investigation. The results of both
these enquiries remind us that an individual's concept
matures and changes with time, and in the case of many
secondary-school science concepts like oxidation, respiration,
or force, the latter versions of these make sense only

within a connected set of theoretical relationships,

o484, IDENTIFYING AND USING BIPOLAR DIMENSIONS IN A
*SEMANTIC SPACE'
An altogether different approach to the
investigation of personal meanings is to ask pupils to rate

8 concept in terms of its position on some sort of continuum
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(Osgood, 1957). A stimulus word (say bacteria) may be
seen as in a certain position on scales of bad-to=-good,
weak-to=-powerful, passive=to-active., The results can be
displayed in a two-dimensional or three~dimensional graph,
The technique is of course concerned exclusively with
personal and'private meanings, not public definitions, and
with these particular scales the technique may reveal the
emotional connotations of the stimulus word rather than
its logical connections. Words of very different denotative
meaning‘can appear in similar positions in the ‘'semantic
space',

| In another method described by Fransella and
Banniater (1977), which uses Kelly's 'repertory grid'
technique, & child may be given three objects, or asked to
select three at random from a large number ;hat are offered,
He is then asked to consider any two of them which resemble
each other in some way and are different from the third,
and to say how they are different. Repetition of this
probedure créates 11§p{9r bipolar dimensions which form the
criteria which the child is consciously or unconsciously
using in msking sense of the information around him,

To repeat Sutton's point here, some means of
utilising the information is also required, Whilst fbe
methods of Preece, and of Kempa and Hodgson give quantitative
dﬁta it is not immediately clear how this can be applied in
the classroom, '

For the purpose of the present study, a elinical

interview methodology known as Interview-About-Instances
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approach which was first developed and used by Osborne
and Gilbert (1980) was selected. A rationale for the
selection of this technique is given in the following

section,

3¢5« RATIONALE FOR THE SELECTION OF INVESTIGATION TECHNIQUE

Por the present’study, the clinical interview
technique was selected, becsuse as described in the previous
section, the individual interview situation not only allows
flexibility in discussing reasons or lack of reasons for a
particular categorization but it also allows information
to bé gained about student understanding in situations
where the student is unsure how to classify an instance.
The interview situation also allows the student to ask
questions should he or she wish before attempfing‘to classify
perceiyed.or actual asmbiguities (Osborne & Gilbert, 1979).
It is the only method which allows this level of student=-
interviewer interaction. - ' ’

' | Further, in this method, students cannot easilj
ignore a question and give no answer, omit to zive a
reason for an answer, or guess without Justificastion. All
these sre common practices in written examinations. A
turther major advantage of the interview technique is that
queStibns cen be deliberately imprecise and ambiguous and
the stﬁdent has opportunity to criticize the question,

The interview situation also enables investigation of -
whether the student has given the right answers for tﬁé
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wrong reasons or the '‘wrong' answers for the right reasons.
Also, in the interview situation, it is possible to test
how committed a student is to a particular view.

Bell and Osborne (1981) argue that the interview
technique enables the reasons behind a student's initial
answer to be explored by including supplementary and
exploretory questions., Listening carefully to the answers
given and following them up until you are quite confident
that you :ully understand the response,

Another important strength of the interview
technique pointed out by Mouly (1978) is that it permits
the interviewer to help the respondent clarify his thinking
on a given point, so that he will give a response where he
would normally plead ignorance and, even more important,
so that he will give a correct answer instead of a false {
one, | |

One of the advantages of the_}é{nmethod described -
further by Bell and Osborne (1981) is that the interview

‘ is a mixture of closed and open questions., A balance of

closed end open questions, of simple and difficult questions,
of superficial and penetrating questions, of neutral and
very specific questions is important. In this way it is
possible to maintain pupll confidence but at the same time
establish clearly the way the pupll thinks about the topic
under discussion,

The T.A.I. method has been used for individual
interviews in Zngland, NewZealand and Australi& (Bell &
Osborne 1981). The most extensive use of this method has
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been made in the Learning in Science Project (See later
in this Chapter). The ssme technique has also been used
in Pakistan by some students of the researcher to investigate
children's understanding in various concept areas. For the
purpose of the present study, the Interview About Instances
approach was selected for both "academic" and "pragmatic" /{/k
reasons. Earlier resegarch in other parts of the world and
by the reseasrcher's students had identified existing
misconéeptions and hence an "open" method was not needed
and would have been wasteful in that it would reduce the
opportunities to make comparisons,

Further details about the investigation technique
(i.e. IAI) used in this study are described in the next

gection.

3.6, THE INTERVIEW-ABOUT-INSTANCES APPROACH (IAI)--SOME
THEORETICAL CONSIDERATIONS
The Interview-About-Instances (IAI) approach

which was developed by Osborne and Gilbert (1979) has been
used by them and their colleagues to investigate children's
understanding of many concepts e.g. 'work', ‘electric
current', ‘light', 'gravity', "friction’, ‘force', and
‘energy'. This section describes the theoretical »
considerationrs underlying the development of this approach
and its application to investigate children's understanding
of basic concepts of science,

7 ~ According to Osborne and Gilbert (1980) the views
of Klausmeier et al. (1974) and Markle and Tiemann (1970)
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suggest (as already discussed in Chapter II) that concept
attainment is closely related to the ability of an

individual to categorize instances not previously encountered,
as instances or non-instances of a particulsr concept. This
leads to the idea that it may well be practical and

effective to investigate a student 's understanding of a
particular concept using an interview situation (because of
the reasons described earlier) and a set of simple line-
drawinzs to depict instances,

Osborne and Gilbert further atgue that there are
at least two different aspects of concept understanding
which may be investigated. Firstly, there is the
understanding of a particular concept as evoked in a
student's mind by the use of the word in a particular
communication, for example via teacher or textbooks. A
student may not understand the concept in the way it is
intended in the communication; alternatively, the sfudent
may understand the intended concept, but the particular
‘context may evoke a different interpretation of the concept.-
For example, the word 'pen' may evoke a = concept of 'a
small enclosure' or a 'fountain pen', ;espectiVely, rather
than 'a writing instrument which usually uses ink', Apart
from the problems of & student not understanding a concept,
these additional problems can create hidden learning
difficulties, Secondly, there is the student's actual . -
domain of understanding of a particular concept in - -
situations where the concept is explicitly specified by a
given formal statement or definition which is accepted by
the student as a definition that he 'understands',
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With regard to the first aspect of understanding,
what is evoked in a student's mind by the use of a
particular insfance in an IAI investigation will also
depend on the content and natﬁre of the instance. However,
alternative procedures for investigating concept understanding
either do not eliminate this problem or introduce other
difficulties. Provided it is appreciated that in the IAI
method particular instances will evoke particular
understandings and that, hence, the order of presentation
is important, an order can be deliberately chosen that
will explore the way in which students tend to use a word.
If each categorization of an instance by a student is
followed by an interview discussion to establish the reasons
rof the particular categorization, some idea of the |
understanding that a student has about the particular concept
can be established (Dahlgren and Marton, 1978), With
respect to this first part of the investigation in '
particular, it is important that students are encouraged to
express‘their views without feeling that this will
immediately be assessed against an externally defined
standard (Driver and Easley, 1978). This helps particularly,
if the interviewer is not the students' teacher.

The second part of inveatisating coneept
understanding is the analysis of the dimensions and
boundaries of a studédnt's concept field where the concept
has been explicitly specified by a given or known rormal
statement. A variety of carefully chosen instances can be

presented to the student and his ability to categorize
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correctly these instances which he has not previously
encountered, as instances or non-instances of a particular
concept, can be investigated using this approach. Again,
the student should be in an interview situation and be
asked to 'think aloud' to show how his decision is reasoned
out and how the decision relates to the given or known
explicit formal definition of the concept being investigated.
I2 it is accepted that the best way to explore a
student's domain of understanding of a concept is to
confront him with instances to categorize as examples or
non-examples of the concept class (and for the student to
give reasons for each categorization), the key problem is
how to select a necessary and sufficient set of instances
(see Osborne and Gilbert, 1979) which will clearly explore
the dimensions and boundaries of the concept field, The
theoretical structure of the concept, the attributes of the
concept, the relationships between the concept and other
concépts and the various contents associated with the

cbncept, all need to be considered,

3.7 THE MAIN FEATURES OF INTZRVIEW-ABOUT-INSTANCES APPROACH

The Interview-About-Instances (IAI) approach
coﬁsists of é dyadic interview where fhetrocus of attenfion
is a‘deck of stimulus cards (Watts, 1980), The cards depict
éituatiohs whicﬁ‘the pupil is required to classify as
examplesléf nonégxamples of a conceﬁt. Each act of

classification is open for discussioni the interviewer
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probes the reasons for the choice. An informal dialogue
is allowed to develop around the cards; the conversation
is audio-recorded and later transcribed. The data, then,
is both structured (focused on a pre-arranged, ordered

set of cards) and open ended (the pupils are encouraged to
respond freely to each card),

The situations on each card show stick=-people
line drawings, and carry a question, or two. Between ten
and twenty different instances are presented at each
interview, the end point depends on the pupils, their ages,
the length and detail of their responses, Towards the
middle of the session they are asked for their summary, or
definition of the concept. This kind of method means that
one can study: |

a) their understanding of some of the basic
attributes of the concept. .

b) how the common, societal meaning of a word
impinges on the pupil's more precise meaning,

¢)  the ruies of classification they are employing.

"d)  how the concept is associated with other concepts -

how it is arranged in their framework of ideas.
(Watts, 1980)

The interview tape is transcribed and annotated
es faithfully as is possible. It is then divided into
several categories depending on the context of the
conversation, This helps to highlight the hypothesis, or
model, by which a youngster is working, |
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The interview approach Just described is an
attempt at gaining some insight into children's scienfific
ideas., Rather than pgesenting a critical exposg of the
inadequacies of their thinking, it tries to describe the
conceptual framework a pupil is using (Watts, 1980).

For other details abougL&AI approach such as
choice of concepts for a study, design of deck of cards,
the process of elicitation, the transcribtion of interviews, )
and the analysis of a transcript, see Osborne and Gilbert \9“\
(1979)3 Watts (1981)3 and Gilbert, Watts and Osborne (1981).

According to Osborne and Gilbert (1979), the
method has considefable potential for a variety of
reasonss .

i) it enables the student's views to be explored
without comparison againat external criteris,

i1) it is epplicable over a wide age range and it

. is non-threatening to students,
- 441) it appéars to be more pertinent and penetrating

fhan asking for a definition, ’

iv) it has advantages over written examinations in
that both the student can ask questions about
the queations (e.ge if it is considered ambiguous
or it is intentionally ambiguous) and the
interviewer can query responses or reasons for
lack of student response,

On the other hand there are limitations and

difficulties: ‘
1) Choosing a limited but adequate set of instances

so that various aspects of a student's concept cén'-
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be explored, A
ii) choosing a suitable order for the presentation
of instances, bearing in mind that particular
instances may influence a student's response
to later instances.
iii) there are difficulties with developing a good
interview technique, .
iv) there is the difficulty of handling, analysing
and interpreting qualitative (soft) Adata,
Another approach which is quite similar to the
IAI approach has also been used by Osborne (1980) for
investigating children's ideas in science. This approach
has been named as Interview-About;Events (IAE) approach
and has also been used by others to explore children's
views on 'physical change' (Cosgrove and Osborne, 1981),
‘chemical change' (Schollum, 1981), the 'particle nature
of matter' (Happs, 1981), and the 'changes of state of
water; (Osborne and Cosgrove, 1983). This technique
involves an event or activity ocgurring in front of the
person being interviewed. Where possible the person is
asked to participate in the event, if only to light a -
burner. Each event is used as a focal point which enables
the interviewee's view to be communicated to the |
interviewer,
The only difference between the,IAI and IAE is
that the eérlier uses instances._and the latter involves
an‘individual discussion with an interviewee abdut ﬁn

articulated series of demonstrations called evehté. The
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Interview-About-Events approach is near-equivalent to
IAI (in the same way that showing a diagram of apparatus
is similar to showing the actusl apparatus). The
Interview=-About-Events approach has at least two
difficulties that prevented it from being considered for
the present study. The need to set up apparatus--- (as
described later) the researcher had to interview under
difficult circumstances; and the longer time taken

(one-worker problem),

3.8, RESEARCH TEAMS/PROJECTS INVESTIGATING CHILDREN'S
CCONCEPTS

A summary of studies of children's learn;ng in
science that have used Interview-About-Instances approach
(IAI) either directly or indirectly as their main
techniques of investigation is given below. These havs
been described in the order of their initiation and the
accounts of the work and findings of these teams/projects

vary depending upon the information which they published,

3.8.17. THE PEZRSONAL CONSTRUCTION OF KNOWLEDGE GROUP(U.K.)

The Personal Construction of Knowledge Group
(PCKG) is a research group within the Institute for
Educational Technology at the University of Surrey., The
PCKG have developed ways of identifying alternative
conceptions particularly the Interview-About-Instances
technique. This technique has been applied to ideas in
Physics, Chemistry, Biology, etc.
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_ The main goal is to influence educational v
practice in a wide variety of ways. To this end continuous
observation in classrooms is a central feature of the
Group's orientation. The group runs three special

activities. These sares

i) a seminar, weekly in the University term, to
' which all are welcome, The seminar has a range

of fofms, including the consideration of papers
of common interest,

ii) discussion, as required, of papers prepared by
the individuals,

1ii) the running of a 4 hour workshop, developed
Jointly with members of the Science =ducation
Research Unit at the University of Waikato,
New Zealand. This workshop discusses the
concerns of the Group in the context of teaching

_physies, chemnistry or biologye.

3,8,2, THE LTARNING IN SCIENCE PROJETCT (NEW ZEALAND)

The Iearning in Science Project (LISP) was
based at the University of Waikato in Hamilton, New Zealand
from February 1979 to January 1982. The Project was a
research investigation funded by the New Zealand Department
of Education, The main aim of the project was to make a
study of the teaching and learning of science at the
Form 1-4 ;gzel, to identify some of the key difficulties

in this subject area, and to find ways of overcoming such
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difficulties, To this end, a three ppase programme was
adopted.

In the first phase, the emphasis of the proJect
was on what actually happens in the classrooms rather than
on the syllabus and resource materials, Thus, it was
decided to seek out the viewpoints of teachers, pupils,
science advisers and others about Form 1-4 Science, to
observe what teachers are actually teaching (as distinct
from what they think they are teaching) and what children
are actually learning (as distinct from what teachers think
they are learning).

The approach used was not/ususl survey, which
tends to be based primarily on answers to questionnaires
or tests., Rather a range of methods such as 'unstructured
~interview', 'observations', and ‘'structured interviews'
were employed to seek out views and make the obsgervations
required, In particular, the Interview=-About-Instances
technique (IAI) developed at the University of Surrey was
used by the project team to investigate children's
understanding of varibus concepts of science.

The in-depth phese emphasized interview and
classroom observation as methods of investigation. The
nature of problems emerged as & result o: investigating
children's ideas made it an impossible task for the action -
research teams to solve them all., The LISP team therefore
gonsidered that the best help they could give teachers
would be to devise materials which would enable them to

becomes
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i) aware, and even familiar, with the problems
related to at least one specific topic,
i1) involved in using teaching material specifically
. designed to overcome these problems, and
111) encouraged to seek ways of building on and
modifying children's ideas, rather than assuming
those ideas to be inconsequential.

Action research was limited to four areas, each
area being covered by a group comprised of project team
members and practising teachers, The groups were: =a
physics group, a biology group, a chemistry group, ard an
activities group.

The common aim of all groups was to produce
material useful to and useable by teacﬁors. The work of the
project has been published in S4 working papers (See
Appendix A) and in various research journals,

3.8.3. THE CHILDREN'S LEARNING IN SCIENCE PROJECT(U.K.)

The project was based at the Centre for studies
in Science and Mathematics Education.'Ubiveraity of lseeds,
This project has undertaken research into the understanding
of selected science concepts by 14 = 16 year old pupils
based on written tests, interviews and classroom observation
studies. The project was funded from 1982-83 by the
Department of Education and Science/and from 1983-86, it
was being funded by the Schools Cougéil through the
Secondary Science Curriculum Review. The project was

carried out in two phases:
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Phase 1
A content snalysis was undertaken of pupils'

written responses to questions given as part of the national

surveyé conducted on behalf of the Assessment of Performance

Unit.

The analysis led to a detailed documentation of

pupils' understanding in a selected number of concept

areas,

weres

The kinds of areas included in the investigation

The particulate theory of matter

Energy transformation and conservation
Thermal energy: heat, temperature and change
of state

Air and alr pressure

Simple chemical reactors with oxygen
Conservation of matter

Gas exchange and growth in plants

Lights vision, trénsmission and reflection
Rates of chemical reactions |

The analysis of written responses to questions

on these topics was supplemented with interviews with

pupils and discussions with local science teachers,

Reports of the analysis on each topic area were prepared

in a form useful to teachers,

Phase 2

This action research phase involved using the

information obtained from the first phase as a basis for

de%éloping teaching materials and strategies designed to
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improve learning in areas of particular conceptual
difficulty. This phase was conceived as a collaboration
project involving the research team and practicing teachers
and focused on 13=16 year o0ld pupils of all levels of
attainment,

The main focus was on the development of some
teacher training materials and, development and evaluation
of activities, in selected topics, which encourage the
active participation of young people in relating school
science activities to their own experiences and developing

a confidence in using scientific idess,

3.9. RAVIEW OF FINDINGS ABOUT CHILDREN'S CONCEPTS

Until recently the major emphasis in the
development of most school science curricula has been
directed towards the structure of the knowledge to be
tgughf. However, there is now growihg concern about
étudents' 'invented ideas' based upon their interpretations
of sensory impressions and the influence these have on the
ways in which they respond to and understand knowledge
presented in the classroom, Evidence of students' intuitive
ideas sbout natural phenomena abounds in the now extensive

" Journal literature. A summary of findings has been
published (Gilbert & Watts, 1983). . For the purpose of the

present study five concept areas such as Force, Energy, - /”‘
‘Light, Work, and Electric Current were selected[ The o

L»‘“‘“"' 7
basis for the choice of these concepts is desor{bed in

Section 4.1, Chapter IV, In this section only those

concept areas which were selected for the purpose of the
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present study are described here under broad topic
headings restricting the discussion to the elements included
in the study.

3¢9.1, FORCE

Many of the studies of force have concerned the
strong association of force with motion; its
interchangeability with the word energy; its separation
from the concept of weight, Some of the earliest work on
'misconceptions!'! was concerned with force. For example,
Helm's (1978, 1980) work, which attracted popular attention
(Maddox, 1978), shows that students 'fail' conceptual
mechanics questions,

In terms of alternatife frameworks, force-motion
frameworks are widely reported. Some of these have been
summarised by Gilberf and Watts'(1983) as follows:

i)  If a body is moving there is a force acting
on it in the direction of movement.
ii) Constant motion requires a constant force.
ii1) If 2 body is not moving there is no force
acting on it.

These are not the only frameworks, simply the
most commonplace. For example, there are some frameworks
that would include forces as being involved with
non-movement in contrast to iii) above. Zrickson and Hobbs
(1978) report students who make a distinction between
'pulling forces' which seem to connote movement

with 'holding forces' which do not.
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Watts (198%) reports a similar distinction between
'‘Motive' forces and 'configurative' ones. The association
of force and motion, however, has a wide press. Viennot
(1979) instigated an important study with physicse
undergraduates using paper and pencil questions about
oscillating massesj Watts and Zylbersztajn (1981) used a
similar approach over a variety of situations with
13-year-o0ld students. The findings of both the studies
reveal the importance for students of the direction of the
force, which is commonly seen &s being in the direction of
motion. McCloskey, Carmazza and Green (1980) note that
the direction need not necessarily be in a straight line,
Thus an object set in motion in a curved path (inside a
hollow tube) will be predicted as continuing to travel in
a curved path when it emerges from the tube. Similar
directional points have been made by Laboutet-Barrell
(1976); Osborne (1980); Sjoberg and Lie (1981); Narode
(1981); Clement (1982); and in the developments of the
Watts and Zylbersztajn work by Thomaz (1982) and Wright
(1982).

The requirement for constant motion to have a
constant force is widespread amongst students. Langford
and Zollman (1982), for instance, comment on the strength
'aﬁd persistence of the notion that a force must continue
to act on an object if it is to continue in motion even
under (simulated) friction-free conditions, Where an
object does not receive a constant force, then the force

phat causes its motion is 'used up' during movement until
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other forces (like gravity) take over. These kinds of
frameworks are reported by Jira and McClosky (1980);
Lawson et al, (1980, 1981); Champaegne, Klopfer and
Gunstone (1981); Sjoberg and Lie (1981); Watts and
Z&lbersztajn (1981) and Watts (1983).

The third aspect of the force-motion framework
concerns obJects in their ‘'at rest' condition (Minstrell,
1982)., Here the absence of motion precludes the
possibility of force since (as students say) ‘'nothing is
moving's As Eelm (1981) points out, since in physics a
force is deemed to 'act' or 'be exerted' it seems only
reasonable to look for the source of such sn action or
exertion. The corollary to this is that the search is
pointless where there is no action. Findings of Osborne
(1980), Watts eand Zylbersztajn (1981) and Watts (1983)
azain raise similar issues, ) |

These studies span a variety of ages and
aptitudes; consequently it is difficult to glean a clear
developmental age-related pattern of change, - Erickson and
Hobbs (1978), for instance, find few age-related differences,
whilst lLangford end Zollman (1982) comment on the
similarities across aptitude levels. SJoberg and Iie
(1981) suggest there are differences But that 'The Bnly
"development™ which seems to occur is that some of the
mistakes are more ¢learly expressed by the more mature
students., One may argue that they then have the "tools"

to express views already developed earlierscces'e.
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2¢9.2. ENERGY

The general framework that can be derived from
a review of energy studies has been summarised by Gilbert
and Watts (1983) as
1) energy is to do with living and moving thingé
ii)  energy makes things work
i11) energy changes from one form into another,
| - The first of these represents responses
concerning energy.that are described as anthropocentric Sy
and vitalistic. Stead (1980), for example, discusses the
responses of 8 to 13 year o0ld New Zealand students in
terms of their strong tendency towards anthropomorphism,
She suggests that the youngsters relate the word energy
to living things by way of being energetic, Solombn
(1982, 1983) makes similar points, noting too that
students discuss human energy as being 'rechargegble' -
_through food or by resting., Watts (1983) calls this a
'human-centred' energy framework, which Gilbert and Pope
(1982) also noted during the video-taping of discussiona
with younger (12 year old) science students, All of these
studies also comment on the emphasis given to energy and
motion, It seems difficult to imagine any inanimate odbJject
8s having a lot of energy whilst at the same time veing
stationary. ‘ , . _
The exceptions to this last idea are often
couched in terms of ‘'energy stores' that are concerned

with meking things work. Batteries, power stations, oil
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and coal are all seen as stores of energy, commonly
intended for the benefit of humanity through technological
appliances (Watts, 1983).

" There has been some recent controversy over the
'transformation' framework of energy since it is one that
is sometimes explicitly taught. Warren (1982) denigrates
this view of energy as emphasising the 'metamorphosis' of
energy in a material sense. He suggests that it is
appealing to young people who have become conditioned by
stories of superman and 'fairy tales in which toads change
into princes', It is a view that sees energy as travelling
" through machines and wires and changing appearance at
different points. In some cases it is thought to be
stored in fuel or food. Whatever the merits of such a
view (schmid, 1982, Richmond, 1982) it is a common
interpretation of students' responses when discussing
energy (Duit, 1981 Solomon, 19823 Gilbert and Popé,
19823 Watts, 1983). ' 4 |

In addition to these general research outcomes,
one other feature is worth noting, energy is frequently
commehted upon as being used by students‘interchangeably
with 6fher terms. Clehent (1978). for instance, comments
onythe lack of differentiation between energy and other
terms in college physics studénts in America. Viennot
(1979) makes a similar point: that the concept orrénergy'
is 'inextricably mixed with the concept of force in é |
single undifferentiated explanatory complex'.. Duit (1984),

.using word association tests, also notes the atrohg '
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association between force and energy, an overlap of
meaning that Watts and Gilbert (1983) discuss in some
detail. For Rhoneck (1981) the term energy is closely
related to electric currenti force being related to

‘voltage®' in an electric circuit,

3¢9.3. LIGHT

As there have been fewer studies in light, it
is more difficult to discuss genersal, widespread findings.
However, two particular frameworks are worth noting
(Gilbert & Watts, 1983):

i) (A) reflection is an image on a mirror or
surface (and not a process by which light
changes direction).
i1) Light i1luminates objects so that they are 'lit

up' and can then be seen. The 1light is local to

the scene and need not travel as far as the

viewer,

One of the first studies, by Guesne (1978),

agsked students to respond to some optical experiment; in
what she calls 'directed' interviews (similar to IAE),
These were complemented by 'non-directed', or open-ended
questions in a separate set of interviews., 6&he suggested
that students (13=-14 year olds) talk in terms of reflection
for a mirror but not for an illuminated sheet of whitepaper.
Lenses are seen as making light bigger and that, in line
with the second framework above, candles visible at‘a

distance are not considered to be sending light as far as

the observer, but are only capable of 'being seen’,
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Stead and Osborne (41980) used an IAI approach
and a multiple choice test to consider the relative
distances travelled by light from a variety of sources at
day and at night. For many interviewees (ranging between
9-16 year olds) the distance travelled depended firstly
" on the size of the source. The corollary to this is that
light from a small source such as a candle could not
travel very far. Most 9 year olds did not consider light
to travel more than a metre from a source during the day,
and only slightly further at night. Jung's (1981) paper
comments on a sample of 12 and 15 year olds who suggested
that fheir image was located upon a mirror and not 'behind!
it. .

In a short study Zylbersztajn and Watts (1982)
looked at students' responses to the action of coloured
filters placed into a beam of light from a torch. Many of
these 1ssues were taken up also by Anderssonand Karrqvist
(19823 1983) in a comprehansivé study of stuhents’

interpretations of optical phenomena,

3.9.4. WORK

Compared to energy, fewer studiés'have been
réported on 'work's The study by Osborne and Gilbeft
(1979) reports: there is lot of "typical" everyday
language usage of the word 'work' by the children.'
Students identify work purely in terms of exértion applied

by the person., In the cases where no person'was invbl#ed.
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children change from sssuming no work is done because
there is not a person present to work is done because
there will be a motor (for example) doing the worke Also,
students can not see how work could be done when nosone
was present.

Moreover, children hold a view that nature
could not do work, rather work was something done, or
attempted against nature. For example, no work is done
when a ball drops down, because it is falling freely. A
wooden block slowing down on a concrete path does not
involve work as it is Just natural for it to slow downe.
Also, the work done by a particular force is sometimes not
isolated clearly (in space) from the work done by the
reactioh force} reactional and frictional forces were

frequently confused by the students,

3¢9¢5« ELECTRICITY

Much of the work on electricity’has focused
upon éimple battery-and-bulb circuits except for three more
diverse studies by Preece (1976), Johnstone and Mughol
(1978) and Rhoneck (1981). Preece‘s work consisted of a
'relational' study of concepts concerned with
electromagnetism and used a word-association test to
explore the semantic proximities of concepts for students
who were graduate intending physics teachers, He suggests
that the concept of 'electric current' is a pivotal one,

in both the structure of the subject matter and within
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the structure implied from the students' respbnses.

This suggestion is supported in some of the studies to

be considered below. Johnstone and Mughol (1978)
concentrated upon electrical resistance in symbolic form.
They note that students (at all secondary school age
levels) are familiar with basic symbols of electrical
circuits but that there is also considerable confusion
(again at all ages) for the meaning of common electrical
terms like voltage and power. Rhoneck's- (1981) study
considered such terms in more detail, Using a sequence

of interviews, questionnaires and further interviews he
explored secondary school students' meanings for electrical
Qoltage and current. Responses indicated a close association
between current and energy, voltage and force, and that,
whereés voltage and current are related, they are generally
not seen to be the same., He presents this relation by
saying that a‘circuit is 'descr;bed by the current', and
the voltare is 'closely associated' with the‘current. This
kind of framework was supported by Maichle (1981) and is
summarised as:

1) when &n electric current 'flows' then 'voitage'
should be presenty when current is interrupted
the voltage disappesrs,

With the exception of Riley et al (1981) few
of the other studies focus on the current-voltage aspects
of a eircuit, but concentrate on current itself and the
components (commonly batteries and bulbs) in the eircuit,
Osborne and Gilbert (1979) piloted the Interview-aboute-
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.Instances technique whilst exploring meanings for
electric current. Iike Johnstone and Mughol (1978)
they comment on the similarities between a group of
7-14 year olds and a group of 16-18 year olds, They note
that, for some sixth form physics students, intuitive
idegs about electric current (and what happens to it)
have not changed since childbood. These and other
studies on electric current give rise to the second general
framework, which can be described as:
ii) electric current 'flows' around a circuit in

ong direction and some of it is used up by

each component it meets in turn.

Sbipstone (1982) calls this a 'sequence model'
and -shows thet (in hie'sample) it is very prevalent in
the middle years of secondery schooling aod persists
emongst able students (who had been studying physics for
some rour years) at A-level, Riley, Bee and Mokwa (1981)
describe a similar model developed by students‘as they
worked through sections of a USA Navy electricity and
electronics course. These authors refer to it as a
'time-dependent' model or current flow. The same model
also features as one of four proposed by Osborne
(1981, 1983). All of Osborne's models cohcern‘eimple
circuits (one battery and one bulb) and are, in turn, a
'*Unipolar' wview that negates the need for a 'return"
lead to the bettery, from the bulby a bi-directional
'claehing currents' model; and an 'equal current',

scientifically acceptable, model. Osborne has explored
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a wide age range of students and again finds that,
¢3§EEEE/EEEEEEES’ magy of them still use typical /1/\
‘children's models well into and, in some cases, at the

end of the period of formal instruction., Some.elements /?A
—_— \
of Osborne's 'clashing' model are to be found in an

extract provided by Driver (1983). In this model current
'flows' from both poles of a battery and meets inside the

buld in the circuit, producing light,

3,10, WORIDWIDE VIZW OF CHILDREN'S MISCONCEPTIONS

The findings of the research studies about
children's misconceptions in the concept areas deécribgd
in the previous section, and thg rindingé of the research
studies reported by other researchers (see Driver &
Easley, 19783 Drivgr & Erickson, 1983; Gilbert & Watts,
1983) in diverse subject areas show that children of all
ages hold misconceptions, and the misconceptions held by
children in different parts of the world are similar in

nature, The findings are all the more convinecing because ?
[V

of the similarity of results from studies u;;;;’dissimilar
(or at least non-identified) methods.

Because of the wide diversity in subject
matter, the results of studies cannot readily be
synthesized at this stage of our understanding, Being a
new area of research in science education, very few
studies have beeh replicated. 'However,‘the study on
children's conceptions of Earth by Nussbaum and Novak

(1976) in America and its replication by Nussbaum (1979)
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in Israelj; Mali and Howe (1979) in Nepal, and Robina
Asmat and Kauser Jabeen (1984) in Pakistan report that
children in four countries hold similar conceptions about
the Earth, Also, the study of Jordanian and American
pupils by Billeh and Pella (1970) concerning the
'Attainment of Concepts of Biological Cell' indicates
that neither group was consistently superior to the
other group. A series of research studies by LISP and
PCKG in various concept areas show similar results. The
common patterns in children's misconceptions noted by
Gilbert et al (1982) as a result of their studies ares
i) Use of Everyday Language in daily scientific
events,
11) Self-Centred and Buman—Cehtréd viewpoints of
natural events,
1ii)  Non-observables do not exist,
iv) Endowing obJects with the characteristics of
humans and animals; and
v) Zndowing objects with a certain amount of a
physical quantity.
The five common patterns found by Gilbert et
al (1982) are a useful summary of the worldwide findings
and that for reasons given above, it is difficult to be

more specific.

311, THT COMMONALITY OF CHILDRZN'S MISCONCIPTIONS . -

The commonness of misconceptions during

childhood according to Ausubel et al (1978, P, 101)vmay>
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be attributed due to several factors. PFirst, children
T~

do not have the cognitive sophistication and the
cumulative background of g}ggrience necessary for the
complete development of/;;ﬁiﬁeoncepts. The pressure on /7
children to use inadequatély understood concepts, and at
the same time to conceal their lack of understanding,
further encourages the development and perpetuation of v
ﬁisconceptione. Second, many of children'®s misconceptions
arevderived from erroneous and incomplete information, or
from misinterpretation or uncritical acceptance of what
they read or are told.

. Researchers report different céuses/sources‘
of these misconceptions, Johnstone and Mughol (1976)
- report three main causes of difficulty in Physics concept
formation at secondary school level. These are teaching,
normal language usage (which tends to confuse and undo
teaching) and everyday experienée of the material world.
Driver and Erickson (1983) have explored the speculations
about the possible sources of students frameworks (i.e.
misconceptions) in the literature. They argue that the
experiences relating to a range of natural phenomena which
impinge directly and regularly on human senses (such as
pushing, pulling, lifting, sucking, sensations of 'hot'
and 'cold') may be built into a system of expectations
even before they are made explicit through language, A
likely'characteristic of ideas, which have been constructed

from these sorts of perceptual experiences, is that they

are strongly held and resistant to change, It may be, as



134

Strauss (1981) has suggested, that frameworks which have
this perceptual basis are apt to be universal simply
because in that most students will have constructed their
experiences in similar ways.

The second suggested influence on students'
frameworks is that of language and gfailable,metaphor A
(Gilbert et al, 1982; Schaefer, 1979; Sutton, 1980).
Driver and Erickson (1983) argue that the commonality in
human sensory experiences and possibly in the metaphorical
use of language may account for the reported generality
of some student frameworks., Indeed, these two sources are
often interrelated, with sense experiences and everyday
language reinforcing one another, thus increasing the
conviction with which certain ideas are held. |

Some researchers have &lso investigated the
stability of students' ideas over time after using a
cross-sectional sampling design (Driver & Erickson, 1983),
A content analysis of the responses of 15 year old
students as part of national science assessment programme
by Driver et al (1984) indicates that it is only a
minority of students who use taught science ideas in
response to questions relating to selected topics, Such
studies indicate that there is leass change in students®
conceptualisations during school years than might be
supposed, Similar views have been put forward by Pines -
et al (1981) and Gilbert et al (1982), Gunstone et al
(1981) report that in their study, the instruction was -
less successful than it ‘was hoped in changing students®
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world view of force and motion. Despite a number of
impressive demonstrated abilities most students had not
abandoned an Aristotelian view which shows how strong AA
and enduring these misconceptions are,

The science teacher seems to be another
important factor, but very few studies have focused on
the teachersj as a result, very little is known about the -
teachers' conceptions of the basic concepts of science, V///
Helm (1980) found the teachers as the major cause of
misconceptions in physics amonzst South African students,
with textbooks, and examination papers also contributing,
Ivowi (1984) complementing the findings of Helm (14980)
reports a wide spread of some misconceptions in physics
amongst secondary school students in Nigeria. He further
reporfs that the teachers of these students seem to have
similar misconceptions in some areas of phyéics, and the
main causes of these misconceptions in students can be
traced to teachers and some available textbooks, Barrass
(1984) reports about 15 major 'misconceptions and
misunderatandings' in standard textbooks of Biology. A /(’(

In summary, it can be said that

i) ~children's misconceptions is a wofld wide
phenomena, |
i1) children of all ages hold misconceptions,
ii1) the misconceptions held by children are similar

in nature,

iv) these misconceptions are so strong and enduring
that it is ditficult to remove or modity 7
children's misconceptions, \‘4/\
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As far as the causes or the sources of
children's misconceptions are concerned, everyday experience
and everyday language are considered as the main sources.
Alsé, there is some evidence that teachers and textbooks
might also be serving as sources of misconceptions which
needs further empirical evidence to support. Although,
it has to be shown conclusivgly that teachers are responsible
for some of pupils' misconceptions it is known (Helm, 1980;
Gilbert et al, 1982; Ivowi, 1984) that teachers themselves
have the same common misconceptions as many pupils. ‘

Even if it is agreed only that children develop
misconceptions from their everyday experience and
language, and if there is evidence that teachers also
have misconceptions, then, (at least), it can be said
that teachers are less'likely to be able to modify
children's misconceptions because of their own
misconceptions. 4

In that case, perhaps, therekwouid be a need
to think of the teachers first, and, in this respect,
we might have to plan special teacher training programmes
to enable them to teach the children effectively.



. CHAPTER IV
STUDY 1

THE PIRST INVESTIGATION OF STUDENTS' AND TEACHERS' MISCONCEPTIONS
IN PAKISTAN



137

AN OVERVIEW OF THE EMPIRICAL WORK

The empirical work involved in this study was
carried out in three stages. In the first stage,
described in this chapter, students of the 8th c¢lass
(age range 11 - 14 years) were tested on the concepts

Force, Energy, Light, Work, and Electric Current using

the IAI approache. The results confirmed that, broadly
speaking, Pakistani students have misconceptions similar
to the ones held by children in other parts of the world.
With this confirmation it was then relevant to test a
sample of 8th grade teachers in order to determine whether
or not they have misconceptions in science, Three groups
of teachers were tested only in one concept Force using
a paper-and-pencil test., It was discovered that in this
concept area many of the teachers have misconceptions
similar to those of their students.

In Stage 2 of the study, teachers of the 8th
class sample students were given extra training relevant

to the teaching of thé concepts Force, Energy, and Light.

The training was aimed at enabling the teachers to remove
the misconceptions of the students. Teachers returned to
school and retaught the three concepts to their students,
The students were re-tested using the IAI approach and

also paper-and-pencil tests, It was found that there was
no measurable improvement in the children's understanding

of concepts,
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This was a disappointing result which might
have been caused in some unknown fashion by particular
characteristics of the small sample of teachers or students
used for the Stage 2 Study. Because of its implications
for teacher training programmes it was thought desirable

~ to confirm or refute the result more widely; consequently

a larger number of teachers and students were involved in

a further study using an improved experimental design.

The purpose of this tpird part of the study was to discover
if in-depth teacher training can lead to more effective
teéching. Three groups of science teachers were selected

for training to teach the same concepts of Force, Energy,

apd Light, Group A was given in-depth training whilst
Group B was given simple training about children's

" misconceptionsy no mention of_children's misconceptions

was made to the teachers of Group C who served as a cgntfol
group. After all groups.of teachers had retaught the

three concepts, their students were tested using a
specially designed and tested paper-and-pencil instrument.



139

CHAPTER IV
STUDY 4
THEZ FIRST INVESTIGATION OF STUDENTS' AND TEACHERS'
MISCONCEPTIONS IN PAKISTAN |

This Chapter deals with the application of
Interview-About-Instances (IAI) approach to test students
in Pakistan and the testing of the teachers of these

students using another method.

4,1, METHODOLOGY FOR TESTING OF STUDENRTS

For the purpose of the present study. the concepts
Force. Energy, Light, Work and Electric Current were selected.

When selecting the instrument and the concept
aress. the researcher had a number of ontions for the
selection of the instrument and the concept areas,
These includeQz ‘ |

i.  testing 'new' concept sreas'end using 'neﬁ!‘r
- instruments. | o

ii. testing 'old' concept areas and using 'new'

, instruments, ’ ’ , o
111, testing "new' conceotlsreas and using 'old'
 ‘> | instruments,‘ | - - |
iv. testing 'old' concept areas.and‘using 'new’
instances, R

"where the labels 'old' and 'new'

‘refer to the previously 'explored' and - |
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'‘unexplored® concept areas by the researchers,
and the same labels refer to the previously
'established' and 'unestablished' instruments
respectivelye.

Instead of any of these the researcher chose
to test 'old' concept areas and to use the 'olad’
instrument and ‘'old' instances. This desision was made
because of the obvious merits of'using an established
technique, If all researchers continually design new
instruments and ifoinew) instrument is used in only a
few studies in one ;ountry or institution, then it is
not possible to make any meaningful comparative studies,
There is the further merit that in using an established
instrument in previously explored concept areas, the
new research contributes in two ways:

i. it provides dat; that can be compared with
other data (this aids validity studies), and

ii.,  any comparison of results adds to the original
research also.

Other features of the IAI approach which were
kept in view while selecting the research methodology
have already been discussed in Chapter III, Sections 3,6
and 3,7,

For the investigation of concepts Force,
Energy and Light, instances used by LISP (Osborne, 19803
Stead, 19803 and Stead and Osborne, 1980) were used, For

the investigation of concepts Work and Electric Current,
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instances developed at the University of Surrey (Osborne
and Gilbert, 1979) were used. The instances were used
with only minor changes to a few words to suit local
conditions.

Modificatipns and other.suoh changes were made
after trial interviews on a small scale using exactly
the same instances developed by the named researchers
'ror each concept. Testing was directed to ensuring that
the language used would be clearly understood and the
examples used were commonly known to the Pskistani
students,

Only a few minor changes were found necessary,
For example, for investigation of&gbncept of Porce, the
word Bike was changed to Bicycleg \Golf I and II to
Cricket I and IIj Bowl to Ball I, and Beach Ball to Ball
II, Por 1nvéatigation of Energy, the instances |
YHovercraft' and 'Toboggan on Icy Slope' were deleted,
again Bike was changed to Bicycle. No change was found
necessary to any of the depicted instances of the other
conéepts.

All the wording on the instances-cards was
translated into Urdu. Translation was necessary because
during the trial interviews, it was found that children
did not participate in discussion easily when given
instructions 6n1y in English. All the interviews were . -
conducted in Urdu, although the instances on the cards
did also carry the Engligh wording. Copies of instances
used for interviews in Force, Energy, Iight, Work and
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Electric Current showing both English and Urdu

instructions are given in Appendix B,

4,1,1, TESTING FOR FORCE, ENERGY, WORK AND ELECTRIC CURRENT

Por the investigation of all the concepts except
Light, interviews were conducted by the researcher himself
at the University laboratory School, lahore, It is a
middle school (pupils age St - 14) attached to the Institute
of Education and Research, University of the Punjab,
Lahore. The school is reasonably typical for the research
purposes. The pupils at the school are not Just those of
faculty (and hence possibly above average ability) tut
include also children from many other local families,

This school was convenient because of its
closeness to the researcher's Institute offices. Also,
because all the teachers were ex-students of the Institute,

maximum cooperation was easily obtained.

4,1.1.1. SAMPLES

As alresdy stated,'pupils in the ﬁniveraify
Laboratory School are drawn froh a wide rance of
geographiéal and socioeconomic backgrounds., For the
puipose of the present study, samples of pupils were drawn
”rfom cléss 8 in this school; The total yeai‘group ﬁés 40
with an age range of 11*—- 14 years. Class 8 contained
 on1y male students. For testing these concepts, a separate

group of 20 students was drawn randomly for each concept
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from the same class,

4,1.1.2. INTEZRVIEW TECHNIQUE USED

The students were first individually interviewed
(using the method described in Chapter III) on Force,
then Energy, Work and finally on Electric Current., Trisl

interviews were conducted on the class 8 students of the
academic session 1982-83%, but the actual interviews were
conducted in the session 1983-84 during the months of
March, April, and May of 1983, Each interview took about
half an hour.

Each student was interviewed in a completely
isolated roomj no person other than the researcher and
the student was present. All the interviews were sudio-
recorded, The instances which were drawn on cards wers
presented to each student in the same order as in Appenﬁix
B one at a time. ‘

In order to encourage dialogue, it was emphasized
to each student that there was no one right answer, and
the result of the interview would remain confidential and
in no way affect his result in the final examination.

While interviewing on Force, the main question
for each ca®d and for each student was phrased in the form
'Is there a force on -—=7° followed by questions according
to need. Similar questions were asked while conducting

interviews on Energy, Work and Electrie Current,
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4,1,2, - TESTING FOR LIGHT

For the investigation of the concept Light,
ihterviews were conducted by a trained colleague of the
researcher, who was working as a Reéearch Assistant at the
Science E&ucation Centre of the Institute of Education and
Research, Punjab University, Lshore.

She was selected for this task in view of her
professional background and competence. She had B.S¢. and
M.A. (Education) qualifications and had épecialized in
Science Education. Also, she had experience of science
teaghing at secondary level and possessed all such qualities
of a good interviewer as suggested by Mouly (1978). She
had integrity'and objectivity as well as the tact and the
ability to meet people and to make them feel at ease and
willing to communicate. BShe was adept at making an effective
primary’bontact, because as argued by Mouly (1978) the
success of an 1nterviewer, frequently depehds on the rapport

established in the first minute or_two.

4,1.2,1. THE TRAINING OF THT INTERVISWER

Borg and Gall (1983) argue that the interviewer
must be trained if reliable and obJective information is
to be obtained. Borg and Gall (1983) further suggest that
training should be carried out in two phases., In the’
first phase the trainees study the interview guide and
learn about the interview conditions, logistics, necessary

controls and safeguards, variables being studied, and similar
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information. Before conducting any interviews, the
interviewer should become so familiar with the interview
guide that he/she can conduct the interview in a
conversational manner without hesitating, back tracking,
or needing to reread or study the guide.

In the second phase; the trainees should conduct
practice interviews and receive corrective feedback until
their performance becomes standardized and reaches the
desired level of obJectivity and relisbilitye.

The interviewer selected for this study was also
trained in the light of these guide-lines., Before she
went out for investigation, she was given a full account
of the project and of all background information relevant
to the research, After reading and discussing the
interview methodology, she undertock some supervised
interviews as practice sessions, Only after this training
did she set out to hold individual interviews on light.

4,1.2,2. INTERVIEW TECHNIQUE USED

After the training, trial interviews were held
by the interviewer on 30 students (aze range 11%- 14)
drawn from various schools of Lahore City. As bdefore, all
the students were interviewed individually one at a time
in a special part of their own schools All the interviews
were sudio-recorded. The main aim of these trial
inte:views was to Jtdge whether the instances were familiar

to and understood by the children. The trisl also provided
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the opportunity to confirm a reliable interviewing
technique., During the triasl interviews, frequent
discussions were held on interview methodology. These
interviews were transcribed jointly by the interviewer and
the researcher. Students' responses were also analysed
together. The statements of misconceptions thus obtained
by the interviewer were compared with those obtained by the
ressarcher during his interviews, The comparison of
statements of misconceptions (See Table 4.1.2.2) shows
that both the interviewers brought similar resultsy this
similarity shows that the interview technique used by the
interviewer was reliable and she was competent to apply
the technique, .Thg trial interview results show that a
reliable technique of.interview and analysis has been
established, .

For the actual interviews, & separate sample of
30 students was drawn from three different (other than
trial) schools in Lahore City. For.the purpose of
selection of this sample, 10 students were selected on
random basis from one class 8 in each school. The sample
contained both boys and girls with an age range of
1Mt -1y yearse

As in the trials, each interview was held in
the respective school in a completely isolated roomj no
person other than the intervie;er and the student was
present. Each interview took approximately half an hour.

All the interviews were audio-recorded as it was done while
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investigating other concepts. The instances which were
drawvn on cards were presented to each student in the same
order as iﬁ Appendix B one at a time, All aspects of

the interview techniqﬁe were kept the same as for other
concepts. All the tapes were transeribed by the interviewer
and data thus collected were analysed by the researcher

himself,
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TABLE 4.1.2.2.

Category Name and Code

Typical Statements Obtained
by the trained Interviewer

Typical Statements Obtalned by the
Researcher

Tdeas about Reflection and
[Fmission of Light.

"No, it reflects light from'the
match stick”.

*It gets light from the sun, only then,
it (moon) emlts light", . : .
(Moon)

=go-Centric and Buman Centred

[Viewpoint.

"Yeg, you can see people moving on
the screen, without ligbt, you
couldn't see them.,"

(Television) - ;

"The distance to which moon's light can
go depends on its strepgth, when it
loses strength it w111 stop”.

(Moon)

1L you can't see it in the
[dark, it does not make light.

“"No, you can't see it in the dark,
because it does not rise in the
dark, it is not there®.

(Suns

"No, you can't see it in the dark, you
can see it only when its rays enter our
eyes,”

(Sun)

 Sveryday Language

"It reflects light which it gets
from the glowing object".
(Painting

"Yes, it produces light....but not
‘electric heater...when 'light’
(electric current) passes it emits -
light".

(Beater)

Common Sense Answers

"It does not emit light, because
it gets changed into colours”,
(Rainbow)

"It takes light from tbe wax", -
(Candle)

Ideas about the distance light
wravels

“If the candle is very large, then
its light can go far, but it 1t is .

small, it will stay nesar®.
(Candle)

"The light from the b1gger torch w111
o farther",
%Torch)

Ideas about seeing the obJjects

"You can see it with your eyes,
if it is burning”.
(Candle)

"We can see the painting because of
reflection of light of our eyes.,”
(Painting)
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4.2, RESULTS (STUDENTS)

The sections which follow discuss the students'

responses according to concept.

4.,2,1, FORCE

Por the pufpose of analysis, some of the categories
developed by Osborne (1980) were used., These categories
have fhé merit of simplicity of description and therefore
of convenience.

The results are presented here in two tables.

Table 4.2.1.1« in its Column II presents a typical statement
of miaconception’of Pakistani students under each catégory.
The table‘also gives the number and percentage (Column III)
of aimilar statements in each.cétegory. The Column IV in
this table‘preéents statements of misconceptions under each
category as explored by Osborne (1980) in his investigation
of the concept 'Egggé'.y Column V of this table presents

the nuﬁber and percentage of similar statements in each .
category obtained by Osborne in New Zealand,

. The table 4.2.1.2 presents results showing the
nﬁmber of statements under each category against each
instance. These tables indicate that the widely occurring
areas of misconceptions are the categories F5’ F2, and F6
(See Table 4.2.1.1) end the majority of the statemeﬁts
" occur in instance 'Cricket I' (Table 4,2.142.)s These are

also the commonest categories reported by Osborne (1980).
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The results show that the understanding of the
concept of Force by Pakistani students is qualitatively and
quantitatively similar‘tgw}og children in other parts of
the world. The obvious usefulness of . Osborne's
Category System devised in New Zealand for classifying
results obtained in Pakistan confirms the similarity of
children's misﬁoncepﬁions in both the countries, Similarity
of children's ﬁisconceptions is also confirmed by the nature

of statements given by children in both the countries,
This similarity is evident from the statements given in
Columns II‘and IV of the Table 4.,2.1.14The £inding that
the commonest misconceptions in New Zealand are also the
most common in Pakistan gives quantitative support to the
similarity pattern. ‘

_ The f£indings of this concept (Porce) show that
children living under widely different sociél and
environmental conditions have very similar concepfion of

Porce as it océurs in everydsy situations;
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e,.2.1.1.

Category Name and Code

Typical 3%atement

No. & ¥ of totsl state-

Statements in Usbornme's Study

No. % % of Total ‘statse-~

(Pakistan) ments in this category (NewZesland) ments iz tzis catzzorr .
1 II 11X Iv v
Iveryday Language 91 "Yes, he is forcing hin 3 "Yes, he J.s forcing the car". 6
‘to move." (4.3) (Car I (10.3%)
(Police) k
Human-Centred Viewpoint PZ "Ro, there is no force 14 “No, becsuse no one has to ) 17
on the car," (20.00) - push it”, (29.31)
(Car I) (Car II)
Something that can’t be observed 1?3 "No force is acting on the ? "No, because it can't feel 4
or felt by humens (or animals) bicycle”., (10.00) anything--but there is & (6.9C)
does not exist, (Bicycle) force on the man because he o,
has to push it and that puts
a force on hin",
(Car 1)
Endowing objects with human r,‘ *No, it is moving of its 5 "Yes, it is forcing itself 7
or animal characteristics, own", (7.1%) to stop”, (12.07)
(Bicycle) (Bicycle) :
The abstract idea being treated 1?5 "Yes, the dball went up 17 *I suppose there is because 15
as if it bad material existence; because there is force (24.30) the force from the hit is (25.87)
the force is somehow enbedded in of man's hit", still on it",
the moving obJect. (Cricket I) (Golf I)
Incorrect use of Scientific P6 "Yes, there is force of 13 "Yes, there is initial i L3
Terns the inclined plane”. .(18.6) energy transferred to the (6.90)
(Ball II) ball®,
(Golf I)
Self-contradictory views 1’7 “As the man is sitting on 7 "His weight is pushing bhis 2
i the cushion, there is (10.00) down—=(but) there is no (3.45)
force of weight (not ravity on the moon”.
gravity)”. Moon
(Cushion)
There is no gravity on the ’8 "Ro, there is no force S "No, there is no 5rav1tat- B
moon, on the moon", (5.71) ional force on the moon". (5.20)

(Moon)

(Hoon)
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Table: 4.2.1.2.
FORCE ' N = 20
Categories
ﬁg: Instances
F F, F5

1 Police - - -
2 Car I - - -
3 Car II - - -
4 Car III - - -
5 Bicycle 1 1 1
6 Cricket I 1 1 10
7 C;icket II 1 - 3
8 Ball I 1 1 2
9 Box 2 - -
10 | Ball II - S
11 Cushion - - -
12 {Weightlifter - - -
13 | Satellite 1 2 |-
14 Moon - - -
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4.2.2, ENERGY

The results of the investigation of the concept
Energy are conveniently presented using tables similar
to those used for Force (Tables4.2.2.1 and 4,.2.2.2.).

EZnergy-misconceptions have been reported by
Stead (1980) and Watts (1983). Although they found similar
misconceptions, two different systems were used to classify
students' misconceptions. For the purpose of the present
study, the system used by Stead (1980) was selected for
the following reasonss

i) the category system devised by Stead was self
| explanatofy and also simpler than that used
by Watts, and '
| i1) the instances used by the researcher in this
study were éelected also from Stead, therefore,
it was reasonable to apply the category system
of the same researcher,

The results in Table 4,2.2.,1. confirm that the
energy misconceptions held by Pakistani students are closely
similar to those found by Stead (1980). The obvious
usefulness of the Stead's Category System devised in
New Zealand for classifying results obtained in Pakistan
confirms the similarity of children's misconceptions in
both the countries, ;

The similarity of misconceptions is also confirmed
by the nature of statements given by children in both the

countries, Some typical statements of Pakistani and
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New Zealand éhildren are given in Columns II and IV of
Table 4.2.2.1. Trespectively. Columns III and V present
number and peréentase of total statements in this category
in Pakistan and New Zealasnd respectively,

The tables show that the majority of the statements
of misconceptions of Pakistani children occur in categories
E, and E7 (See Table 4.2.2.1.) and misconceptions occurs
widely in case of'instances 1,2,4,7,11 and 12 as indicated
by Table 4.2.2.2. These are soﬁe of the commonest
categories reported by Stead (1980). Hence there is
qualitative and quantitative evidence that children of
approximately the same age living in widely different

circumstances have very similar misconceptions about

energye.
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TABLZ 4,2.2.1,

ENZRGY N « 20

Category Newe ard Code

Typical Statement

No. & ¥ of total state-

Starenerts ir Stead's 3tudy

No. & % of total state-

(Moon and EBarth)

(Moon spd Zarth)

(Pakistan) ments in this category (KewZealand : oents in this category
I 11 111 v o v «
Everyday Language E, "The rock has got mo energy 30 “No bscause it moves the hards 37
since it is a non-living (32.60) itself, it does n't need a (32.20)
thing®, humar: to move it". -
(Rock on Table) (Clock)
. . . “Probably (the moon does use
Human-Centred Viewpoint Ea "Yef. it gsts energy from 9 energy), it is just like us, if 10 2
man's foot®. (9.78) (8.70)
(Bicycle) we want to run around the earth,
y we's have to bave ernergy to
do it". : :
{Moon)
Attribute buman or living } 83 "Yes, water has got its 7 "Yes (the jack's using energy) .
characteristics to inanimate own energy”. (7.€0) gravitational-—the car wants (6.09)
objects, (Waterfall) to come down but the jack's .
holding it up”.
(Cer on Jack
Everyday use of the word Eu "Potential energy in the 7 " "Oh, it is used up es the car - 15
energy. clock is being used up oes further along".
) slowly”. (2.60) Car) (13.08)
{Clock) ) .
Energy as a concrete rather E "Yes, the bird has got 5 "The sun, the food, the sun 22
than abstract idea, S} energy which it gets from (5.83) makes enerzy come from-~the (19.43)
the food (worm) it eats", * plant gets energy from the sun, .
(Bind) and we get the energy {rom the
plant, from the sun",
(Person on Stairs)
Conservation of Endrgy 36 "Energy in the wax turns " *It's turned into heat and 9
' into beat and light after (8.35) light". : (7.82)
burning". . . (Candle) *
(Candle)
Confusion between physical E7 "Yes, it has got energy 20 "Tes, (the moon's) using the 15
phenomena of gravity", (32.60) earth's energy of gravity". - (13.04)
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Table: 4.2.2.2.
ENERGY N = 20
Categories
Sr.No. Instances
| E"I E2 E4 E5 E6 E7
1 |BgEgemem |2 |- N
2 Cer 1 - - 1 - 6
3 Weightlifter | 3 - - - - 2
4 Bird 1 2 - 1 - 4
5 Rock on Table| 3 - - - - -
6 Candle - 1 2 - 1 4
7 | Bicycle 5 |2 P S N
8 Clock 1 | - 1 - |- |1
9 Car on Jack | 2 - - - - -
10 Yacht 1 2 1 1 - -
11 Waterfall 32 | - 1 | = |1 2
12 Moon & Earth | 5 - - - - 2
13 ‘Telévision - - - - 2 | s
14 | Cow 3 |2 -1 - -
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4,2.3. LIGHT

Teét results for Light are presented in Tables
4,2,3.,1, and 4,2.3.2. The results of the present study
were classified under the categories used by Stead and

Osborne (1980).
| | The tables show that the area in which students
most commbnly hold diverse views is that of "Reflection and
Emission of Light' (Category L, in Table 4,2.,3.,1.), and it

is clear from Table 4.2.3.2. that this category of
misconceptions is found in case of each instance used in
this investigation. The other category of misconceptions
~ which are most commonly held is 17. This category is related
to 'children's ideas about seeing the objects.'

The results show that misconceptions similar to
that reported by Stead and Osborne (1980) are also found in
Pakistani students. The similarity of misconceptions is
‘confirmed by the nature of statements given in Columns II
and IV of Pakistani and New Zealand children respectively
in Table 4.2.3.1. Columns III and V of the ssme table
present the number and percentege of similar statements
in Pakistan and New Zealand respectively.

The qualitative and quantitative similarities
in the two sets of results confirm that children living
under different circumstances have very similar

cbnceptions of Light within physical events.,
The results also confirm that the modified

research technique for Light (use of an assistant) is valid
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and reliable. This is useful-~ it means that this sort

of study can be extended without need for very specialist
manpower, it seems that this work (of studying pupils)

can be done at second level of professional expertise i.e.
by trained (non-specialist) manpower. It opens the
possibility of involving trained teachers in the assessmént

of the misconceptions of their own pupils.
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TABLE &4.2.3.1.
LIGHT N -

Category Name and Code

Typical Statement

No. & ¥ of total state-

Statements in Stead end Osborne's

No. & % of total

(Pakistan) ments in this category Study (NewZealand) statements in this
catezory.
I 11 111 v v
Ideas about Reflection and L1 *Ro, it reflects light from the 42 *No, it Just reflects light from 15
Emission of light. m:t;::ls'):ick“. (40.78) Ehe s;m". (13.76)
Candle Moon
Ego-Centric and Human ~L2 "Yes, you can see people moving 6 "Yes, you can see the screen. 9
Centred Viewpoint. on the screen, without light, (5.83) It lights up so you can see - (8.26)
you couldn't see them”, what's on it".
(Television) (Television)
If you can't see it in the I.5 No, you can't see it in the 11 "If you take the pain.tins into 7
dark, it does not make dark, because it does not rise {10.68) the dark-—it won't make light", (6.42)
light. %n t!):e dark, it is not there”, (Painting) .
Sun
Everyday Language I.,‘ "It reflects light which it 4 "No, it glows--it's light in 14
ets from the glowing object”, (3.88) itself but it doesn't make light (12.84)
?Painting) on earth”.
(Moon)
Coamon Sense Answers Ls "It does pot emit light, 11 “Yes, because it's got heat”, &
: because it gets changed (10.68) (Candle) (3.67)
into colours”,
(Rainbow)
Ideas sbout the distance LG *If the candle is very large, 11 "1t stays on the heater”. 18
light travels - then its light cen go far, (10.68) (Heater (16.51)
but if it is small it will )
stay near”,
(Candle) .
Jdeas about seeing the 1.7 “You can see it with your 18 "He can see it with hias eyes”, 42
objects eyes, if it is burning”. (17.46) (Television) (38.53)

(Candle)
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TablE: 4.2-3.2.
LIGHT N =30
Categories
Sr.No. Instances
2 The Sun - 6 - 1 1
3 The Moon - 4 - 1 -
4 A Torch - - - - 2
' An Electric :
> Heater = 1 - 1 e
6 Television 1 - - 2 1
7 Bright Red :
Painting 2 = 1 - A
8 Mirror 1 |- 1 2 -
9 A Movie 1 - 1 2 2
Screen o ' '
10 A Rainbow 1 |- |1 |2 |-




161

4,2.,4, WORK

| Osborne and Gilbert (1979) who investigated this
concept chose to present their results other than by
categories. Data were presented by these researchers
according to instances. To preserve the pattern of
presentation adopted for the concepts Force, Energy, and
Light, categories were derived from the Osborne and Gildert
study. These categories were used to group the responses
of the Pakistani students and the statements of misconceptions
obtained@ by Osborne and Gilbert. The results are given
in Tables 4.2.4.1¢ and 4,2.4.26

Categories were derived from Osborne and Gilbvert's

data without meking any change or modifications in the

gtatements of ﬁisconceptiona presented by them, After a

thorough study of the statements, the commonest statements
of misconceptions in the data were termed as categories
and data was organised under these categories as shown in
Table 4.2.4.1. The only difference in the presentation was
that Osborne & Gilbert made an instance-wise presentation,
whilst the researcher organised the same data according to
categories.

The results obtained in Lahore are in complete
agreement with fbe Osborne and Gilbert study. This
agreemgnt is evident from the similarity in the nature of
statements of ﬁisconceptions given by Pekistani and British
children, These statements are given in Columns II and

IV of the Table 4.2.4.1. The number and percentage of
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similar statements of Pakistani and British children are
given in Columns III and V of the same table respectively.
In this table all the derived categories of misconceptions
are present and those most commqnly used are wﬁ, ws, Wry
and WQ. Table 4,2,4.2, shows that statements occur mostly
under instances 2,9 and 11,
These results demonstrate two things:
1. Childfen living in different parts of the world
hold similar misconceptions, and
2e The data p:esented by one group of reseaichers
under one system can be presented successfully

by another researcher under a different system,

PRy
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TABLE 4.,2.4.1
WORYX N = 20

{Trolley)

(Weight Lifter)

Category Name and Code Typicsl Statemen: No. & % of total siate- Stetexenis in Osborne axd Gilbert’s| No. & % of <otal
(Pakistan) ments in this category Sgudy. UKD . statezents in
. . this category,
I 11 Il -1y v :
P:veryda:y Usage v, “Yes, because studymg is 2% "Yes, because he is tryirs his 15 ;
vorking®. (25.00) hardest to study a sedical repo-t™, (39.87)
(Doctor) {Doctor) :
Vork done in terms of exertion \IZ *Yes, man is using his strength 12 "Yes, because be is tryirxz to get 3
applied by the person. to go up”. (18.29) it moving acd once he bas got it (5.00)
(Person on Stairs) goinz n would be enier . -
{car’1)
VWork done if no person is U’ "Yes, work is done by the 6 *Yes, work is done because tiere 13
involved. sachinery®, (7.18) will be & motor doms ‘the work", (11.00)
(Coal) (Coal)
Work done when no one wvas L/ “Yes, flame produces beat, and 7 "Yes, because the flame is goirnz 3
present beating is working". (8.33) something to the block”. (8.00)
(Steel Block) {Steel Block)
Nature could pot do work \\V5 "Ho work is being done, because 13 *Xo, because it simply sl ides 3
the block is moving of its own". (15.48) down®, (8.00)
{Wooden Block on Ice) (4ooder Slock on Ice slope)
Difficulty in isolating a force \16 *Yes, work is being done due 12 "Yes, it is gaining poterntial
doing work to potential energy”. {(14.29) energy as it moves up--tbere is (11.00)
(Steel Ball) no force as such on it as it is M
moving st a constant velocity...."
(Coal
Relationship between work and v, "Yes, work is being done because 13 "Jell, be would be doirg more 6
movement it is moving”. {(15.48) work if xt was moving up°®. (16.0C)"
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Table: 4.2.4.2.
WORK N = 20
Categories
Sr.No.| Instances

W W2 W4 w5

Weightlifter 4 - - -

2 Doctor 9 - - -

3 |Man and Girl | 5 | - - | -
4 Car I - 4 - -

' 5 Car 1II - 4 - -
6 Car III - 2 - -

7 Coal - - - -

8 Steel Block - - i -

9 Steel Ball - - - 4
10 ggoggg Block - - - 1
11 o468 81086 | - | - - |2
12 |docden Bloskon - | - E
13 |[Trolley - - - 4
14 |Escalator 1 - - -
5 |gem e |- |- |- |- |-
16 |Emmenon 2 | e
R B E
18 Pendulum - - - -
19 'ggiigg}s - = 2 2
20 Yacht - - 1 -
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4,2,5, ELECTRIC CURRENT

Osborne and Gilbert (1979) who investigated this
concept chose, as in the case of Work, to present their
results other than by categories., However, as before,
the ressarcher derived categories of misconceptions in

Electric Current from the Osborne and Gilbert study and

used these to group the responses of the Pakistanl students,
It is gtressed that as before, no changes to original
statements were made in the course of this reorganisation
of the data. The results from both the studies are given
in Tables 4.2.5.1¢ &nd 4.2.5.2.

_ Again it is clear that the results from the two
studies are in complete agreement both qualitatively and
quantitatively. This agreement is evident from the nature
‘of statements of misconceptions given by Pakistani and
British ehildren, (these statements are given in the
Columns II and IV of the Table 4.2.5.,1.) and the numbar
and percentages of similar statements of misconceptions of
Pakistani and British children (presented in Columns IIT
and V of the same Table respectively). In this table, all
the derived categories are present and the most commonly
used are EG1 and EC,. Tadble 4.2,5.2. shows that
misconceptions under category EC1 are found in 8ll the
instances except 5, 10, 12, and 13, and instance 1 contains
more of the statements of misconceptions’as compaied to

other instances used in the investigation,
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ii.
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These results also demonstrate thats

children living in different circumstances hold
similar conceptions of the physical phenomencn,
and

the change in the style of presentation i.e.

into categories is reliadble,
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TAZL3 &4.2.5.1.

SLECTRIC CUREENT N = 20

Category Nzze and Code

Typical Statement (Pakistan)

No, & ¥ of total State~
ments in this category

Stateaents in Osborne & Gilbert s
Study (u L)

Bo. & % of total
Statements in

Definition)

of electrons therefore, light
sust be s flow of electrons™,
(Definition)

: this category
1 11 II1 IV v
Cozmon Sense 501 "There is no current, but, if you 29 *Ro, (There is po current) it bas - 28
put a bulb, then there will de (81.43) to bave tbe lamp connected”, (32.55)
current in the wires®. (Bare Wires) .
(Bare Wires) i .
2yeryday 3ituation zC "Yes, there is electric current... 19 *Yes, if it has not all been 27
eryeey 2 becu\':sc, battery is charged... (27.13) nsed'nv'. (31.39)
if you put it in tbe car, the . (Battery 1) . i )
car will start®, .
(Battery I)
about the flow of EC *"There is electric current in one 5 *Yes, but the electric current
Ecl,:f:‘t';igncment ixe: a circuit. 31 ot the wires®, {(5.71) would not be doing anything useful (22 11)
(Bare Wires) esostbe electric current would flow .
up to the ends of the wires...dbut
there would not be any electric
current coming out...it would flow
around in the wires...perhaps
back again®.
(Bare Virea)
Zelationship between the switch | EC "Klectrons come from the switch, 7 "It goes into the lamp and then 3
and the ele]c’tric current, » ‘(’i‘.::pihg’ turned on”, (10.00) ::;::hm{:_md around to where the (3.48)
(Lemp I)
i urrent is used v 2C "It h vsed up in producing » *2lectric current goes into the 11
Blectric ¢ " P 5 light* (5.7%) tuld and shines up®. (12.79)
(Laxp 1) (Lawp I)
it 1ty in defini the EC "Something which makes the bDuld 7 "Light is electromagnetic waves LY
zieit;‘;c :mgn:. e 6( low and flowa through wires®, (10.00) spd electric current is a flow (8.65)
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Table: 4#.2.5.2.
' ELECTRIC_CURRENT N = 20
Categories
Sr.No. Instances
e ' EC,‘ 02 EG3 ECa EC5 EC
1 Battery 1 7 5 - - - -
2 Battery II 4 1 - - - -
3 Bare Wires 2 - 3 2 - -
;4 Neon Lamp 3 2 - 1 - -
5 Lamp I - - - - ) -
6 Sun ‘1 3 - ’1 - -
7 Lightning 3 |2 |- |« |- |-«
8 Person 2 - - - - -
9 Compass 2 3 - 1 - -
10 | Liquid S T I T S B e
11 | Torch - 2 | == ]-0=-1]-
42 | Fence - - - 1 - -
13 Definition - - - - - ”
14 Lamp II 1 2l - a1 1] -
15 Path of Electron 1 - - - - -
16 | Model 1 |1 -] -] -] -
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4.%. SUMMARY (STUDENTS)

The results of investigations of Force, Energy,

Light, Work, and Electric Current show a strong agreement

that misconceptions are held by the majority of the
children., These results also show that Pakistani students
hold miscohceptions similar to those held by children in
othet parté of the world. The similarity of results is
evident from the qualitative aspect of the sgtatements
given by students in these studies. This similarity is
based on qualitative data because of the nature of the
cards, Each set of cards was intended to elicit
inforﬁation about specific misconceptions held by pupils
- in Eufope. New Zealand, etc. When used in Pakistan, the
students responded with the same misconceptions. The
similarity of results is also evident from the quantitative
aspect, because of frequencies of misconceptions in
difrerent countriese

On the basis of these results it can be said
that the phenomena of misconceptions do not seem to be
unique to any one country or culture, rather it seems that
it is a universal phenocmenon and children in every culture
seem to think in the same fashion with a similar |
understanding of the physical phenomena, On the basis of
this evidence, culture or social background does not seem
to be a primary variable among the influences affecting the
way children understand these phenomena,

These investigations not only support the results

of other studies in the relevant areas, but the results of
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these investigations also show that the technique, i.e,

the IAI approach which was used in Urdu and by different
interviewers in Pakistan, can be applied successfully, and
it is no doubt an effective technique to explore children's
misconceptions irrespective of their culture and of the
fine details of presentation. The general agreement between
the results (for each saparate concept) in different
countries and the similarities across different concepts
also provide strong evidence for the validity of the study
and hence of the research methodology. In particular
because the results for Light mateh so closely to results
for other concepts, the use of a trained assistant staff is
Justified, Further,.the results offer evi@ence that
children's misconceptions appear equally strongly when
presented in different formsj thus they are not an artiract

of a data analysis technique,

4.4, METHODOLOGY FOR TESTING OF TEACHERS

After confirming the students' misconceptions,
it is now ipteresting to seek an explanation of or the
sources of these misconceptions. As described earlier in
Chapter III both the science teachers and the text-books
have been suggested as possible sources of children's
misconceptions. Keeping in view the key role of the
feacher in the educational system in geheral, and his role
in the classroom teaching, curriculum planning, and
text-book writing the present study sought additional

information about the teacher's role in determining pupils’
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44,1, SAMPLES

Three groups of secondary school teachers were
selected}; each group contained both male and female
subjects, a majority held M.Ed.. degrees, Group I
teachers (N = 29) were the participants of a workshop
which was held in April 1983 at the Institute of Education
and Research, University of the Punjab, Lahore, Gr&up II
teachers (N = 19) were the students of the new class éf
M.Ed., programme &t the Institute whilst Group III teachers
(N = 26) were the outgoing students of M,Ed. programme of
the session 1982-8% also at the same Insfitute. The three
groups were equivalent in that

i. all the subjects in each group were trained
science teachers, and

ii, all of them were holders of B.,Sc. and B.Ed.
degrees. '

All the three groups were tested on the concept
Force but prior to the tests different teaching sessions
were given to the three groups. Zach group was gi;en one
lecture, The duration of each lecture was one hour,

Group I teachers were told nothing abbut the research nor

M.Ed. is a post-graduate degree in Zducsation
offered to trained in-service teachers,
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about children's misconceptions. Group II teachers werse
told about the research and children's misconceptions in
Light. The teachers of Group III were told about the
research, and children's misconceptions in Light and
children's misconceptions in Force. To enable others to
replicate this portion of the research, a synopsis of

the talks given to the three groups is given in Appendix C.
The table 4.,4.,1. summarises the information held by the
three groups.
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Group information concerning

Groups N | Test Bubject children's misconceptions and
research studies .
Generally | In Light | In Force
I 29 ‘Force No No No
II 19 Force Yes Yes . No
II1 26 Force Yes Yes Yes
.Post lecture and pre-test in Force misconcéptions.




4.4.2,

174

INSTRUMENT USED

Keeping in view some difficulties in interviewing

the groups of teachers, it was decided not to use»the IAT

method for this part of research, The main difficulties

were:

1.

2.

. 3 *

The study groups consisted of experienced teachers
and many of them were well-known to the researcher,
Due to this reason it was felt that it would be
difficult to establish dialogue and elicit

information properly.

Some of the teachers in all three groups came

frem far off places, Particularly, the teachers
of group I and group III were available at the
Institute only fer a8 limited time, It was ,
therefore, difficult to retain them eny more for
interviewing nor was it possible for the
interviewer to travel to their home-districts.
Interview is a time-consuming method of eliciting
information, therefore, it was dirricult to
interview 80 meny teachers particularly within a
limited period of time, ' | |
Because of these difficulties in using the IAI '

method, it was decided to use a paper—and-pencil instrument

for this study. The questionnaire on Force used by

Zylbersztajn and Watts (1980) was chosen as the instrument.

(The merits of using an existing, tested, instrument have

been diszussed in Section 4.1.). The questiohnaire coﬁeists
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of 12 multiple choice questions with a short space left

for the respondents to explain the reasons fcr their
answaers, The free responses allowed, resulted in a degree
of open-ehdedness in the character of the data. The
openness of the response format helped to off-set the "test"
nature of the questionnaire.

ZylbersztaJn and Watts designed two types of
cards for this questionnaire - "Description Cards™ in
which the basic drawings are repeated, showing arrows
representing, in each alternative, different directions or
magnitudes of forces acting in the situation. Each of the
question cards presents, besides the "scientifically
correct" alternative, at least one inspired by an
alternative pupil framework found by researchers,

In this questionnaire, description cards 1
(question cards 1,2,3) and 2 (question cards 4,5,6) were
designed by Zylbersztajn and Watts to survey the association
between force and motiong deseription card 3 (question
cards 7,8) the idea of unequal action and reaction pairs
with one overcoming the other in the direction of motiong
deecriptién cards 4 (queéfioh card 9) and 5 (question card
10) the idea that heaviness incfeases when éométhing is
raised upj descriptibh'card 6 (queétion‘card 11) the
conception that there is no gravity in space, and
description card 7 (question card 12) the ideﬁ that a
greater force acts on a torch when it is sWitched on,

The questionnaiie. was used in English in the
same pattern as given in the Appendix D./i?ecause English
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version was used, no prior testing was undertaken,
Informal discussion with the teachers after the test
confirmed they had no language=-problems of understanding

the questions,

4,5, RESULTS (TEACHERS)

- The results were analysed in two parts, in
quantitative form in Part I and, in Part II, in qualitative
form. Table 4.5.1. gives the ﬁercentages of incorrect
responses to each question by the teachers of each of the
3 groups. The figures in this table show that the majority
of the teachers in each group requnded incorrectly to the
majority of the questions. The means of the incorrect
responses of all these groups show that the three groups
of teachers performed almost equally (badly) on the test,.
This was confirmed by a t-test on the means,

Table 4.5.2. shows the results of applying the
t-test to pairs of experimental groups. The test shows
that all the groups have essentially the same level of
factual knowledge and hence (presumably) the same level of
misconceptions, These results show that there is no
difference among the groups of teachers as far as their
performance on the Force-test is concerned.,v
. This result leads to conclude that the effect of
the limited information given to the teachefs in the one

hour pre-test lecture was not significant,
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_ Next, responses given to each question were
grouped to indicate the misconceptions held by the teachers,
The analysis was carried out using the categories of
Zylbersztajn and Watts and given on page 181,. It was
interesting to note during the analysis that the same
misconceptions as reported by Zylbersztajn and Watts (1980)
for students are present in the statements of the majority
of the teachers.  Table 4.,5.,3. presents the number and
iercentage of these statements given by teachers in response
to each question.

The analysis of these statements as presented in
the tables also makes evident that teachers hold
misconceptions similar tokthose'held by the students in
Pakistan., Although, different testing techniques were used,
still similar results were obtained., As the results of
students and teachers on the tests in Force are very close
to each otheb. the system used to classify students' results
(See Seection 4.2.1) was also used to present the teachers'
results. Table 4.5.4. presents results under this system,
Statements of Pakistani teachers in Column II and that of
British students in Column IV in this table indicate that
misconceptions among teachers are similar to those of both
Pakistani and British students. To show that teachers and ;i)
students in-Pakistan hold similar misconceptions, Table
4,5.5. compares the statements of misconceptions of
Pakistanl teachers and students. Columns II and IV present
typical statements of misconceptions of Pakistani Teachers
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and students respectively., Columns II and V of the same
table present number and percentage of similar statements
in each category. No statement was foﬁnd under the
category 'Everyday Language'. This might be due to the
difference in the testing techniques, because the tests of
students and teachers used different instances; or more
likely it may be due to the more sophisticated language
available to the older teachers who will be accustomed to

using technical terms in their everyday teaching work.
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Table: 4.,5.1.
INCORRECT RESPONSES OF TEACHERS IN DIFFERENT GROUPS(INPERCENT)

Questions Group I Group II Group III
N = 29 N = 19 N = 26
1 79.3 89.5 84,6
2 51.7 57.9 57.6
3 13.7 23 3.8
4 75.8 89.4 84.6
5 51.7 73.7 53.8
6 1.7 | €8.5 ‘ 53.7
7 82.7 | W 65.4
8 ‘ 55.2 42,1 65.4
9 58.6. - |  63.1 7344
10 75.9 78.9 | 73.1
11 ‘ 51.7 _ 42.1 A 23,0
12 34.4 31.6 38.4
Mean 56.86 57.45 56.37




Table: 4.,5.2.
T= kst of foctval Enowkdge scores of prsps.
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Basic data of

ar
‘G:qups Groups - tevalue
Compared - Significance level
IIT 26 5.15 53
0.27
I 29 4,76 NS
111 26 5.15 43
0.47
IT 19 4,05 NS
11 19 4,05 46
0.49
1 29 4,76 NS
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Table: 4.5.3. S"’“"‘”J of fevehess’ responses
FORCE  (TEACHERS) N = 74 (all groups)
No. ;f statements
. e e uest~ and of teachers
Category of Misconcept- Desgz;gthml ?on giving such
ions Card statements contain-
ing misconceptions
"If a body is moving 1 (78227),
there is a net force : b
acting upon it in the 1
direction of the 2 35
movement.,
If a body is not (47.29)
moving there is no €0
net force actin
upon it." & 3 (81.08)
28
N (51.35)
-2 5 3
‘ (41.89)
6 42
(56.76)
"If two bodies inter- i
act generating a state 7 43
of movement one of (58.11)
these must be exerting 3 :
a greater force upon ; ,
the other." . 4
8 47
~ (63.51)
"Heaviness increases 4 37
when something is 2 (50.00)
raised up.," , ; :
, . 5 61
"There is no gravity : e
in space.” & 6 11 %8
o (51.35)
"A greater force acts 39
on a torch when it is ?7 12 :
switched on." ~ : (52.70)
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FORCZE

(TZACHZRS) © N

74

(All Groups)

Category Rame and Code

Typical Stestements of Panstani
Teachers

No, of similar statements

. in this category

Statements of students ic Zylbersztajn ud
watt's Study. (U.K.)

moon.

on the moon, So the spanner is
8t the same gosition".
{(Question 11

I 11 111 v

ZIveryday Language P, - - -

Human-Centred Viewpoint P2 _“Becsuse the ball is thrown : 21 *I think that the force is upwards because

. straight up in the eir, so the : the person is throwing the ball up and :
direction of the ball will be putting all the force nnderneath the ball
upwards®, to move it up”. ik
(Question 1) {(Question 1)

Something that can't be observed FB "The person on the left has 31 "Because the size of the force fros the

or felt by humans (or animals) applied pOre fOrcC.ccccasscs . person on the left is greater tban froo

does pot exist, (no other force)", the person on the right”, .
(Question 7) - (Question 7) o

Endowing objects with human B, *The cannon ball wants to go 15 "Because it shows that the ball has to-

or animsl characteristics, straight but due to the centri- ‘travel forwards to reach the next point™,
petal force, it goes lightly (Question &)
down and use curve path”,
(Question &)

The abstract idea being treated F "Person's hand applied the force 9 “The force comesa from tbe person's hancd

as if it has material existencej 5 on the stone., . Under this force throwing it upwards, Porcing the ball up”,

the force is somehow embedded stone is gomg upward in the : (Question 1) g

in the moving object. air”, .
(Question 1)

Incorrect use of Scientific 1?6 *"The torch which is lit, there 1 "A toreh which is 1it needs more force than

Terns. is more force of electricity 8 torch which is pot lit because it neeils
which is acting on it”, power to light®,
(Question 12) (Question 12)

[Self-Contradictory Views F7 “There will be no force on the 5 ®ees.Because if the man is on the moon tae

spanner, but the spanner will ?ravity will pull the spanner up”®,
move downward due to force of Question 11)
gravity".(Question 11) .

There is no gravity on the "There is no gravitational force M "Because there is no gravity on the moc:

there is no force to pull it towards tle
%round".
Question 11)
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moon, =

at the same position”.

{(Question 11

{(¥oon)

TABLS 4.5.5.
PORCE (TEACEERS) N "% (A1l Groups)
Category Name and Code Tyvical Statements of Paklstani No. & ¥ of total Typicel Statements of Pakistani Ro. & ¥ of totsl
Teachers statements in Students statements in this
this category . categorye.
I II 111 v ) o
Everyday Langusge F1 - - '!cs, he 13 foreing bim to. EE
move, " (5.3)
{Police) c
Human-Centred Viewpoint 32 "Because the ball is thrown 21 *Ko, there xt no force on the 14
straight up in the air, so the (18.9) car.” (20.00)
direction of the ball will be 7] (Car I) e
upwvards ™
(Question 1)
Something that can't be observed P3 "The person on the left has 29 . *No force is acting on the 7
or felt by humans (or animals) spplied more fOrcCe ceeecese (27.9) bicycle”, (10.00)
does not exist, (no other force)". e - (Bicycle) *
{Question 7)
Eodowing objects with human or P "The cannon ball wants to go 15 *Ro, it is noving of its )
apimel characteristics. [ straight but due to the centri- (13.5) own”, (7.15)
. . petal force, it goes lightly . (Bicycle)
down and use curve path®,
(Question &) e
The abstract idea being treated Fs "Person’a hand applied the 17 "Yes, the ball went up becsuse, 17
as if it bad material existence; force on the stone, Under this (15.3) there is force of man's hit", - (24.30)
the force is somehow embedded force stone is going upward in (Cricket I)
in the moving odbJect. the air”. .
] {Question 1) .
Incorrect use of Scientific P6 *The torch which is lit, there 14 ¥Yes, there is force of the 13
Terms. is more force of electricity (9.9) inclined plane”, - (15.6)
wvhich is acting on it". (Ball II)
(Question 12)
Self-Contradictory Views P7 "There will be no force on 5 “As the man is sitting on the 7
the spanner, but the spanner (4.5) cushion, there is force of (10.00)
will move downwerd due to force weight (not gravity)®.
of gravity."(Question 11) {Cushion)
There is no gravity on the ?8 ®There is no gravitational force 11 “Ho, there is no force on b
or the moon, so the spanner is (9.9) the moon.” (5.71)
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4,6, SUMMARY (TEACHERS)

The results of the investigations of teachers'
misconceptions show that teachers in Pakistan bold
misconceptions similar to those reported by researchers in
other countries (Zylbersztaln and Watts, 1980)., The
Pakistani teachers hold misconceptions similar to those
held by Pakistani students, These findings support the
validity of these studies. Previous researches have drawn
attention to the importance'of books and teachers in |
forming children's conceptions in Science, It was also
shown that the three groups of teachers éerrormed almost
equally on the test, although they had been given different

levels of information about students' misconceptions.

4,7. SUMMARY AND DISCUSSION

The investigation or-children's misconceptions
in the concepts of Force, Energy, Light, Work and Elegtric
Current shows that Pakistani students hold misconceptions
similar to those held by children in other parts of the
world. The investigation of teachers' misconceptions in
the concept of Force shows that Pakistani teachers hold
misconceptions similar to those held by Class 8 students
in Pakistan,

The.results of these investigations are also
supported by two other research stﬁdies conducted in
Pakistan - one on pupils and the other on teachers. Both

the studies were conducted to explore misconceptions in
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zgggg‘ using the same questionnaire (2Zylbersztajn and
Watts, 1980). The study on pupils by Bushra Pargeen
(1984) shows that pupils of a1l ages in the sample hold
similar misconceptions. The study on teachers by Saira
Saeed and Waqar-Un-Nisa (1984) shows that science teachers
and teacher-trainees hold similar misconceptions in
Pakistan. The results of both these studies also indicate
that there is no significant difference in the kind of
misconceptions held by students and experienced teachers.
Thé similarity of misconceptions held by children
in different countries as reported here and’elsewhebe
indicates that the formation of misconceptions appears to
be a universal and culture free phenomenon, This viewpoint
is taken also by Billeh and Pella (1970) Qho compared the
achievement of American and Jordanian pupils in grades 3-6
on various tests. The results of their study indicated that
neither group was consistently superior to the other, |
indicating that culture did not appear to be an over-riding
factor in concept learning. . The study by Mali and Howe
(1979) in Nepal and a study by Rubina Asmat and Kausar
Jabeen (1984) in Pakistan yielded similar results; children
in both countries had similar views about)Earth and Gravity.
Again, studies on children's conceptions of the changes of
states of water by Osborne & Cosgrove‘(ﬁ983) in New Zealarnd
‘and by Parhat Shaheen and Riffat Shaheen (1984) in Pakistan
show similarity of ideas. A wider Piegetian study by
Kerplus et al (1975) showed that a large percentage of

secondary-age children in each of seven sample countries
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did not have an operationally efficient grasp 6:
proportional reasoning and control of varisbles,

Osborne, Bell and Gilbert (1983) argue that the
similarity in the children's views is perhaps not so
surprising, because as pointed out by Vicentini-Mossori
(1980) s

'Many experiences are shared among all
the people of the world: 1living in & three
dimensional space with a vertical privileged
direction, immersed in air and standing
on a land where different species of plants
grow, different kinds of animals live, the
sun shines and warms, rises and sets with
a quasiperiodical rhythm, the wind blows
eand rain falls, there are things that are
"eontinuous", like water, and things that
are "discrete," 1like sand and people,

- experiences of similarities and differences,
the experience of the passing of time
scanned by the periods of stars but also by
birth and death of living beings, (cycliec
returns and irreversibility together), by
the need to breathe, to eat, by alternating
warm and cold periods, the feeling of a
"time" which perceptually is essentially
"present” with the possibility of remembering
and learning from the "past™ and of projecting
experiences and acquisitions into the
"future."

The present study of teachers also leads to another
very important result. It appears likely that simply
telling <teachers of children's misconceptions does not
effect the teachers' pefforménce on a test of their own
misconceptions. It‘seems that this level of informatioh
is pot sufficient to make the teachers cautious of their
own misconceptions. It can be further deduced that if
mature teachérs cannot/ do not change their conceptions'
easily, the same will be trﬁgkor pupils. Telling pupils

or teachers that the 'old' i1s wrong and thek'new' is correct
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will not be sufficient. These results suggest that a
more substantial programme of teacher training will bve
required to enable the teachers to modirj their own
misconceptiéns as the first step in helping them to

achieve better student concept-understanding.
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CHAPTER V
STUDY 2

TEACHER TRAINING AND RE-TESTING OF STUDENTS

Studies carried out by the other workers described
in ChaptersII and III have shown that students and teachers
in several parts of the world hold misconceptions about
science phenomena. The experimental findings of Study 4
reportéd in the previous chapter establish that both students
and teachers in Pakistan have similar misconceptions about
certain physical science concepts.

This statement is both valid and reliable. The
reliability of the measurements is shown first by the close
simiiarity between iesults for the different concepts, The
agreement between the results obtained by the principal

researcher for the concepts Force, Energy, Work, lLight, and

Electric Current and the assistant researcher for Iight

argues strongly that the results are not simply a
characteristic of one person's interpretation of students’
and teachers' answers. The validity of the research, i.e.
the extent to which the results of the study are determined
by misconceptions rather than some extraneous factor (s),
is confirmed by the extent to which Pakistan results f£it
into the world-wide pattern.

The central role played by teachers in determining
students' learning has been stated earlier, Because of this

powerful central role, and because the teachers as a group
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held misconceptions in all the concepts'studied. it was

felt unlikely that minor changes of teaching patterns would
lead to elimination of students' misconceptions. It was
Judged important to train teachers to deal with misconceptions
in the concept areas. Therefore, a special programme was
planned to train teachers to deal specially with the problem
of student misconceptions in chosen concept areas.

It was a brief programme in which bnly a amall
number of teachers woes involved., A brief programhe was
deliberately chosen for two reasons. First, for the sake
of general economy, & long programme should not be used if
2 short one will suffice.' Second, because science teacher
training fime is short, a module devoted to this topic has
to be short if it is to be located in the teacher training
course, If the brief programme is successful in bringing
positive changes in students' misconceptions, it is intended
to be ihcorporated as a complete 'module' in a project to be
set up for the purﬁose of improvement of science education
in Pakistan.

This.chapter describes the content and methodology
of the brief teacher training programme désigned to alert
téachers to problems of students’ misconceptions, The chapter
describes how arter‘training sessions, the teachers
retaught selected topics in their schools and how the
retaught students were again tested usihg both the IAI and
the paper-and-pencil methods. s



190

Se1s THE EXPERIMENTAL WORKSHOP

For the purpose of testing the teacher training‘
module, a workshop was planned for 2 teachers of the
8th class sample students., The module content and
methodology were aimed at enabling the two teachers to
remové misconceptions of the students in the concepts of
Force, Energy, and Light. The hypothesis formulated for
this part of the study (Stage 2) was that after receiving
the specially designed training, teachers would be able to
reduce the level of misconceptions of their students,

’The workshop was held at the Science Education
Centre of the Institute of Education and Research, University
of the Punjadb, Lahore in the last week of April 1984,
Because the teachers could not spare one full day for the
workshop, it was held on three consecutive days from
9,00 a,me == 11,00 a.m, each day. A synopsis of the
workshop programme and the description of thé materials used.
are given in Appendix G. o _

In the first session (two hours) the participants
were introduced to current research work 1n science
education in general and research on concept understanding
in pgrticular. They were told about the techniques being
used to explore children's understanding of concepts. later,
the IAI approach was explained in detgil and the way it was
being used for the purpose of the prqsent study was _
described, The methodology and purpose of the ﬁreaent,etudy

*Teacher Education in Pakistan 1s described in
Appendices E & F, . -
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were also explained,

Participants were informed of the significant
results of the student interviews., Each instance of each
concept and students' responses were shown to the
participants., They were encouraged to discuss the examples
and to ask questions in order to clarify their own
understanding of the research and of the concepts. In
asking these questions teachers could correct some of their
own misconceptions of the conceptss At the end of this
qession, the teachers would know about the purpose of the
research, know students' particular misqonceptions in the
concepts and, poséibly. have corrected some of their own
misconceptions.

On the second day of the workshop, the participants
were told the methodology of testing the teachers and the
'results obtained in Stage 1, As on the previous day, the
teachers were encouraged to diséuas and ask qQuestions abouf
all features of this phase of the study. There was a second
chance to discuss the science concepts at the end of the -
second sessione.

On the third day of the workshop, the results of
the present study were linked to Ausubel's theory of
learning; both 'meaningful' learning and 'rote' learning
were discussed, After'that, outcomes of interactions of
students' and teachers' ideas were discussed from Gilbert
et al (1982), It was then linked to an example of a lesson
(James, 1983) in order to show how a wrongly planned lesson
taught by teachers who themselves have misconceptions, can

make pupils' misconceptions worse.
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Then, an exercise was given so that participants
couid practise the diagnosis of childrep's misconceptions,
This exercise was adapted from'Nussbaum. (1980, 1981), In
this exercise teachers learnt to look fora(correct)
explanation and not simply long "interesting accounts.
Arterwards. for the purpose of generating discussion, and
as a further exercise, worksheets which were adapted from
LISP (Schollum et al 1981; Osborne, 1981) were used. From
these exercises, the teachers learnt to expiore the range
of views they and their pupils hold about the related
concepts, Participants' résponses and ;deas were then
digcussed. After this, the group of teacher-students and ke
researcher discﬁésed examples showing differences between
children's ideas and scientists' ideas of 'force'. This
studykwas based on LISP material (Osborne, et al, 1981),
Finally, to close the workshop sessions, a summary of ideas
discussed during the three day workshop was presented,

The teachers were requested to re-teach their

class 8 students the concepts of Force, Energy, and Light

spending at least two 40 minute lessons on each concept.

The teachers wers also told that after their teaching, the
students would be re-tested by'the IAI apprbéch and by
written paper-and-pencilrtests; the tests would be |
administered by & person not from the school. Teachers knew
of the IAI epprosch as it was discussed in the workshop, but
they were not told the content or format of the other test.
In particular, they were not aware of the questions that

would be posed to the students. This was thought necessary

A photo-reduced 'disgram' of Nussbaum materiale
is given on page 193, 4
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Question :

Answer A:

Task |
Answer B:
Task 2 ¢

PUPILS® THINKING Reading pupils’ answers Worksheet 1

The following question is taken from a physics test given to fourteen
year-old pupils.

Figure 1

‘There is air in the bottle which fills it and also fills

" There is air in the bottle which fills it and also f1lls

- heated and also because vhen it becomes hot In the pottle

‘that the balloon would shrink again decause of the law

. priate pumarical grade (out of lO points}) in the bax,

Two {ndividual answers are cited.

&)

In & certain experisent a flask full of sitT had a deflated
balloon attached to a side plpe coming out of the flask.
As the flask vas hested by & flave the ba!!aon inflated
(see figure }).

Explain this phenomenon using the particle thoory.

sone of the balloon which 1s not blown up, If scmecne
places the bottle with the molecules ol the air above
the [lame then it becomes hot in the bottle and the air
expands. The solecules move from the bottle to the
balloon and this makes the balloon blow up,

write a short evaluation of answer A and insert an
appropriate numerical grade (out of lO points) in the borx

e
B L R R R N R I N )

some of the balloon which {s not blown up. Scientists
discovered that the alr wvhich is {n the bottle cantains
very small particles which are very great in number.

These small particles, which they also found to be like
tiny balls, can move and reach every place in the air of
the dottle. Sclentists called these particles molecules.
1£f somecne places the bottle with the molecules of the air
above the flame, then it becomes hot in the bottle and the
air expands and blows up the balloon. This happens because
of the law which says that things expand wvhen they are

then the very tiny molecules tend to go away from the hot
place and 30 they move from the bottle to the balloan end
cthis makes It blown up,  If sowecne would like to see what
would happen if the bottle were cooled down, he would find

which says that things shrink whena thay are cooled. But
with vater it does not happen 80 since when water 1s cooled
delow 4 C then, amazingly enough, it would expand. fThis

is what they call the anocmaly of water. .

Vrite a short evaluation of answer 8 and insert an appro-

R LR R R YRR RN N )

As & teacher, which of the two answers (the short one
or the long one) wuld you prefer to receive fros your
students?

......................;.Explain WhY i eeueiaonnvassoneanses

R N R I Y

A photo reduced disgram of a part of
Nussbaum's materials,
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to avoid any kind of reflection by the teachers about the
test information during teaching.

5.2. SAMPLES

The sample of the’study consisted of students of
8th class of the University Laboratory School who had
already left the school after taking their final examination.
Because of unrest in schools earlier in the year, the
workahop had to be organised hurriedly at a time when the
sample students had left the school. So, the main difficulty
involved was to recall the students, reteach the concepts,
and re-test them. ,

| Fortunately,’ the teachers who had participated in
the workshop had very good rapport with the students and
their parehts, and were able to approach them thfdugh
correspondence and personal contacﬁ at their new schools.
As a résult of the teachers' considerable efforts, about 20
students from the total stréhgth of 40 in that class were
finally contacted. The students agreed to report at the
Institute three days before the teaching started.

53¢ STUDENT TEACHING BY THE TRAINED TZACHERS

When the students reported at the Institute, one
of their teachers had a talk with them in a classroom and
the purpose of inviting them was also explained, All the
students who reported readily agreed to attend the teaching
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programme, During this orientation session, a schedule was
also settled between the students and their teachers, This
was necessary, because students had to come to the Institute
after their school hours (and sometimes between the school
hours) to attend the teaching programme,

The teaching was done during 6ne week (6 days)
startiﬁg on Saturday and ending on Thursday. On each day,
teaching lasted for about 40 minmutes. Three concepts
Force, Energy, and Light were taught again by the teachers.

In order to keep uniformity of content to be covered under
each concept, a summary sheet listing the sub-concepts of
Force, Energy, and Light was developed after consulting

the Pakistan Elementary Science Curriculum reports for
classes I - V (1973) and VI = VIII (1974), A copy of this
summary sheet is given in Appendix H, This summary sheet
was given to the teachers for their guidance. Although the
content of the lessons was suggested by the summary sheet,
teachers were completely free to choose their own teaching
approach and exemplars, At the same time, they were also
reminded that the main aim of the whole activity was to
remove the misconceptions of the children as had been
discussed in the workshop,.

The researcher visited the cléésfooms‘wheré the
teaching was going on, but only ror a very short period ror
the purpose or ensuring that no organisational problems
interfered with thekteaching. The intentionﬁwag to avqid
interruptions and fo creatéyﬁ free atmbspﬁe:é fof téacher-

student discussions. Teachers were encouragéd'to discuss
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ftheir lesson plans and students' reactions with the
researcher before and after the class, These discussions
were held approximately for half an hour daily.

After this one week of teaching, the students were
tested using a written test on the next working day. Only
18 students were allowed to tske the test; the other two
students had failed to attend the teaching programme
regularly. On this occasion, only the written tests on
Force, Ene s and Light were taken. These were multiple-
choice tests developed separately to test these concepts.
Each test consisted of 10 items. The tests are given in
Appendices I & J. Some other information concerning these
tests will be described in Chapter VI, The results of these
tésts will bve presented later in this chapter,

The same students were tested using the IAI
approach, The procedure adopted, and the problems faced by
the researcher during this parf of the study are described

in the next section,

S.4, RETESTING OF STUDENTS USING IAT APPROACH

It will be recalled that the TAT epprosch requires
a lengthy (30 mins. approx.) interview with each individual
student. Shortly arter the written tests were taken, the
schools closed for the summer vacation. It was not possible
to intérview students before the vacation started because of
the short time available and some other pr&blems. During

the vacation period, interviewing was not possible because
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students dispersed to follow their own vacation progfammes.
Just after the vacation, when schools re-opened
in September, the students have to take examination. So,
again, students were notkavailable and could not spare time
for interviews. However, immediately after the examinations
were over, the researcher with the help of one of the
teachers started searéhiﬁg for them either at their schdols
or at their homes in the evening. Very few students could
be contacted on the first visit, for the rest, the researcher
had to visit their schools and homes many times., Only
three came to the Institute for interview.

- By making many such visits, it was possible to
interview all 18 students who had taken the paper-and-pencil
tests, Interviews were conducted by the researcher himself
gs in the same manner as it was done for the Study 1
described in Chapter IV. Each student was interviewed in

Force, Energzy, and Light (in that order) on the same

occasion, This was necessary because it was not feasible

to meet the students three times; It took approximatel&'one
hour to interview each student on the three concepts,
Intervieﬁs were audio-recorded using a separaté tape for |
each student. Data for each concept wew collated after

transcription of the eighteén tapes.
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5e5e¢ RESULTS

The results of students obtained after using the
IAI spproach and paper-and-pencil tests have been presented
in separate sections according to the concepts. It will be
argued that these results show that misconceptions similar
to those explored in the first investigation of students'
misconceptions (Study 1 déscribed in Chapter IV) persist
after re-teaching the concepts Force, Energy and Light.

5¢5¢1 THE IAI RESULTS

As the misconceptions explored in this study were
similar to that of students in Study 1, the analysis
procedures and categories described in.Chapter IV have been
used for these data also. . The results of Force, Energy,
and Light obtained from the IAI interview tapes are
presented (ih that order) in the following sections.

5¢5¢1+1s FORCE

The results in the concepts area Force for Study
2 are presented in Tables 5.5.1.1. (8), 5.5.1.1. (b),
S5e5.1¢1. (¢) and S5.5.1.1. (d). Table 5.5.1.1. (a) presents
typical statements of students under each category of
migconception. This table also presents the number and
percentage of similar statements under each category. The
table shows that the human—centred’viewpoint»is held by the
majority of the studenta. Tadble 5.5.1.1. (b) preéents the
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pumber of statements under each category of misconception
égainst each instance, Table 5.5.1.1. (¢) presents typical
statements of misconceptions of students of Study 1 and
Study 2 for qualitative comparison. Finally, Table 5.5.1.71.
(d) compares statistically the statements of misconceptiona
of students in Study 1 and Study 2. |

The qualitative comparison of statements in Table
S5e5e1e1e (c) Bhows that there is great similarity in the
nature of statements given by students under each category
of misconception. The only difference which was noticed in
this concept area was that the students used different
terminology in their statements. For example, the terms
'momentum’, ‘reaction', 'air friction', 'reaction due to
gravity', and 'acceleration', were used by thenm
indiscriminately. '

It statements of category F3 are selected from
the Table 5.5.1.1¢ (c), students of Study 1 hold & view
that "No force is acting on the bicycle™ while it is
slowing down, Whereas, students of Study 2 hold a view‘~
that "there is no force on the man" who sits in a satellite,
Afterwards, the same students realise that "there is a
. force on the satellite, but no force on the man in the
satellite.” In both of these statementsdccmmon ditticultyv
faced by the students seems to be that they are unable to
identify the forces acting on an objest; whether it is a
hicycle or a satellite. The underlying difficulties facing
the students both in Study 1 and 2 are that if they cannot
observe or feel somethingy they do not realise its
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existence., This problem leads students to hold many
misteken ideas, for example, in category Fs. the students
of Study 1 hold a view that after hitting the ball, "the
ball went up because there is force of men's hit", Whereas,
the students of Study 2 after re-teaching hold a view that
"there is a force of the cricketer, air friction, and
gravity." In this instance students were able to identify
other forces, such as air friction and gravity, but in
addition to that they have alsq wrongly identified "the

force of the cricketer." Although siightly different words
have been used by the students of both the studies, the main
structares of their misconceptions remain the same, Students
did use the technical vocabulary (e.g. gravity, air
friction) which they heard during re-teaching, but they
could not assimilate these new words. It seems that teachers
had not conveyed the concepts in a meaningful way.

In fact, the new terminology did not change the
main structures of the students' concepts which were
previously held by them., But, the use of new terminology
does indicate their maturity, because the mistakes were
expressed by them more clearly. This result is in agreement
with Sjoberg end Lie (1981), described earlier in Chepter IIi.
wherein, they state that the use of new terminology in a
naive fashion indicates that the only "development" which
seems to occur i8 ...s that they have the "tools" to

| express the views already developed earlier .cecee”
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For the statistical comparison of statements of
misconceptions of students in Study 1 and Study 2,
categories (see Table 5.5.1.1. (d))which were less than 5
were added (and also recoded) to their adjacent categories.
For exampie. P1 and P, were recoded as F1+2, and F7 and
Fg as F?+8 after addition.

When the results for Force were compared using
the Chi-Square test, the value of 7J’obtained from these
data was equal to 11,25  with 4f = 5 compared with a value
11.07 needed to reach the 0.05 1level of significance,
Thus the results show that the students of Study 1 and 2
gave significantly different responses (P = 0,05).
Examination of the table shows the value of j%f is caused
by reteaching the concept, because a large increase in the
number of statements in Study 2 was found in case of the

categories F2 and FG’
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TA3LS 5.5.1.1.(a)
FORC:

(o)
1]
o
[ ]

-
o

Category Name and Code

Typical Statement

.

No. and ¥ of
this category

total statements in

3Iveryday Language P1 "Yes, there are two forces, one is gravity 2
and the other is that of the policeman (1.72)
who is forcing the man.™
(Police)

Human-Centred Viewpoint Pz “There is no force, as he is Just sitting 44
s (37.93)
(Cushion)

Something that can't be observed or felt by P "No, there is no force on the man .... )

humans (or animels) does not exist. 3 there is a force on the satellite ,... but (4.31)
not on the man.”

(3atellite)
Endowing objects with human or animal P "Yes, there is a force of the man and that s
characteristics LY of the car .... (any other) .... force of (8231)
. . friction”, -
(Car 1X)

The abstract idea being treated as if it ? . "There is a force of the cricketer, air 15

had material existence; the force is somehow b friction and gravity.” (12.93)

embedded in the moving odject. (Cricket I) ¢

‘Incorrect use of Scientific Terms PG "There is a force of man's hand, gravity 12

. and the reaction due to gravity." (27.59)
(Car I) .

Self-Contradictory views 27 "There is air friction and gravity .... ?
but no force on the satellite”. ‘ (6.03)
(Satellite)

There is no gravity on the moon. !8 "There is no force on the moon,” 6
(Moon) (5.17)
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TABLE: 5.5.1.1.(b)
FORCE . N = 48
Categories
%g: Instances‘
F1 F2 F .Fu FS

1 Police 1 9 - -
2 |CarI 4 b 1 -
3 |Car II - 7 1 -
4 |Car III - 2 { -
5 Bicycle - 2 - 4
6 | Cricket I - - - 6
? Cricket IT - 13 - |1
8 |Ball 1 - |2 - |2
é 'Bo* - 1 - -
10 | Ball II - 4 - 2
11 Cushion - 4 - -
12 Weigptlirter - 3 - -
1% | Satellite | - 2 2 -
14 | Moon - - - -

e g g AR
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FORCE
Category Typical Statement Typical Stetement
Study 1 Study 2
F “Yes, he 18 forcing him to *Yes, there are two forces,
1 move", one is gravity snd the other
(Police) is that of the policeman who

is forcing the man",
(Police)

¥, "No, there is no force on "There is no force, as he
the car”, is Just sitting on it",
(Car 1) (Cushion)

F3 “No force is acting on the “No, there is no force on
bicycle”, Lthe man .... there is a
(Bicycle) force on the satellite ....

! but not on the man",
(Satellite)

F, "No, it is moving of its "Yes, there is s force of
own', the man and that of the
(Bicycle) car .... (any other),...

force of friction',
(Car I1)

FS “Yes, the ball went up “"There is & force of the
because there is force of ericketer,air friction and
man's hit", ravity¥,

(Cricket 1) ?Cricket 1)

Fg “Yes, there is force of the "There is a force of man's
inclined plane", hand, gravity and the
(Ball 1I) : reaction due to gravity“.

(Car I)
F7 . *Ag the man is sitting on "There is sir friction and
- the cushion, there is force gravity .... Dut no force
of weight (not gravity)". on the satellite",
(Cushion) (Satellite)

FB "No, there is8 no force on "There is no force on the"
the moon". Moon",
(Moon) (Moon)
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TABLE: 5.5.1.1.(d)

IATI RESULTS FORCE

Category Study 1 'Sfudy2 Category | Study 1 Study 2
Code N = 20 N = 18 Sg%gi N =20 | N =18

addition
Fa 5 2 Fas2 17 46
F2 . 14 44
Py 7 5 Fy ? 5
Fy 2 > Fy 5 'S
F5 ’17 15 FS’ L 17 15
Fg 13 32 Fe 3 ’2.
F7 7 7 F7+8 M 13
F8‘ 4 6
7,‘

+

¥ .

gD I

“11.25

fb - fe )2
. le
1

For 4f - 5, the table value iérﬁ1.07 atk0.0S ievéi.
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5¢5¢1.2. ENERGY

The results of the concept Energy <for Study 2
are presented in Tables5.5.1.2 (a), 5.5.1.2 (b), 5.5.1.2 (¢)
and 5.5.1.2 (d). As in case of Force, Table 5.5.1.2 (a)
presents typical student statements about energy alongwith
the number and percentage of such statements., The table
shows that the word 'energy' was used by the students most
frequently in the 'everyday language' sense, The table also
shows that most of the students confuse various physical
phenomena, Table 5.5.1.2 (b) presents the number of
misconceptions under each category of misconception against
each instance used in the study. Table 5.5.1.2 (c¢) compares
the typical statements of studenté of Study 1 and 2
qualifatively under such category of misconception; whilst
Table 5.5.1.2 (4) compares the statements of students of
both the studies statistically., '

The qualitative comparison between the statements
of students of Study 1 and 2 also shows that students in
both the studies hold similar misconceptions. The similarity
in the statements of students of Study 1 and Study 2 in the
concept Energy 1is evident from the Table 5.5.1.2 (c¢).
Referring to category E5. the students of Study 41 hold a
view that in a waterfall "Water has got its own energy",
whereas students of Study 2 say that "Moon and Earth both
have got their own energies." These statements show that
the students in both the studies are unable to point out the
kind of energies in the instances "waterfall" and "Moon and

Earth". Students in both the studies attribute human
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or living characteristics to inanimate objects.

Also, in category E7. a few students in Study 1
hold a view that "Moon and Earth" have got "energy of
gravity.” The students in Study 2 hold a view that "weight
has got potential energy which is there due to gravity."
Students of both the studies have confusions between
physical phenomenon., They have equally confused energy
with the 'force of gravity'.

. Por the statistical comparison, Chi-Square test
was used. Wherever, it was found necessary, the categories
were added and recoded (See Table 5.,5.1.2 (d) as it was
done in Force., In this case, categories ES and Eg were
recoded as EB+6 after addition. The value of j%f'obtained
from these results was 2,17 with df = 5, and was not
signifticant, The statistical comparison of the results of.
this concept shows that there was no differ#nce between
the studenta‘or Study 1 and 2,

Tﬁe results from Studies 1 and 2 are not
significantly different in the case of Energyj bdut in
case of Force significant difference was found from the
results of Studies 1 and 2, The difference between the
results of Force and Energy might be due to the fact that
in case of Ene s students in Study 1 had some technical
1anguagé such as "energy", "potential™., No new technical
language was added in re-teaching, hence the non-significance
of the Chi-Square Test.
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From the results it is evident that the students'
misconceptions persisted even after re~teaching which
shows that re-teaching the Study 2 sample students could
not bring any positive change in their misconceptions.

It seems that teachers could not convey the concepts in

a meaningful way.
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TABLE: 5.5.1.2.(a)

ENERGY N = 18
Category Neme and Code Typical Statement | No. & % of total
statementy in
this category
Eéeryday Language E "Yes, the man is using 45
1 | nis ;nergy to 1ift the (35.16)
weight,"
(Weightlifter)
Human-Centred Viewpoint Ez :§0l.11; gets cgorg{htrom 19
8 wlIx eecees WHhEN e
wind blows .... energy (13.28)
is produced in it."
(Yacht)
Attribute human or living E3 “Yes, moon and earth both 11
characteristics to inanimate have got Eheir own (8.59)
objects energies, *
J (Moon & Earth)
g::;yday use of the word E, "{:o;'b;.tgs :2nt2° energy 7
&y %Bicyclc (5.47)
Energy as a concrete rather E5 “Yes, the man uses his 8
than abstract idea, :gar%zoxhﬁch.E:.sats from (6.25)
[ ] L} .
(Person on staira)
‘Conservation of Energy E6 "The wax turns into heat . ”
energy of the candle after (5.47)
burning." *
(Candle)
Confusion between Physical E "Weight has got potential
pg:n:;ega hy 7 energy which is there due {25.78)
to gravity."
(Weightlifter)
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Table: 5.5.1.2.(b)
ENERGY N =18
Sr.No. Categories
Instances

E, |E, B, | B | B

1 Person on
Stairs 2 1 1 1 -
2 Car 5 - 1 2 -
L Weightlifter | 6 - - - -
4 Bird 5 |1 - |1 -
5 Rock on Table | 4 | - - = |-
6 ‘Candle 1 5 2 | - 1
7 Bicycle 5 5 2 | - -
8 Cloc;k - - R - -
9 Car on Jack |2 | - S R
10 Yacht - 4 - 3 -
11 Waterfall 4 - - - L3
12 Moon & Earth | 8 - - - -
13 Television - 1 - - 3
14 Cow 3 - - 1 -

f B
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TABLE:  5.5.1.2.(¢)

ENERGY
Category Typicel Statement Typical Statement
Code Study 1 Study 2
B, “The rock has got no energy since "Yes, the man is using
it is a non-living thing." his energy to lift the
(Rock on Table) weight."
(Weightlifter)
&, “Yes, it gets energy from men's "Yes, it gets energy
foot." from the wind .... when
(Bicycle) the wind blows ,...
energy is produced in
it'“
(Yacht)
E} "Yes, water has got its own "Yes, moon and earth
energy." both have got their own
(waterfall) energies,"
(Moon & Earth)
E, "Potential energy in the clock "It is using up.the
is being used up slowly," energy given by the man)
(Clock) (Bicyele)
E5 "Yes, the bird has got energy "Yes, the man uses his
which it gets from the rood energy which he gets
(worm; it eats.” from the food he eats,"
(Bird (Person on Stairs)
E6 “"Energy in the wax turns into "The wax turns into
heat and light after burning." heat energy of the
(Candle) candle after burning,"
(Candle)
E7 "Yes, it has got energy of "Weight has got potent-
%ravit ial energy which is
Moon and Earth) there due to gravity."
(Weightlirter§
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IAT RESULTS ENERGY
Category | Study 1 | Study 2| | Category | Study 1 | Study 2
’ Code N = 20 N = 18 gg%:i N = 20 N = 18
addition
E, 30 45 E, 20 45
Es 9 17 E, 9 17
B 7 1 By ? 11
g, 7 7 B, 7 7
Eq 5 8 Be,g | 9 15
Eg 4 v
E7 20 33 37 - 30 33

7¢T -3 (} f; ;ere )2 ]

¥ -

2.1

~ For df = 5, the table value is 11,07 at 0.0sylevei;
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5.501.3. LIGHT

The résults of retaught students obtained from

JAI tapes in this concept afea are presented in Tables
5.5.1.3. (8), 5.5.1.3 (b), 5.5.1.3 (c) and 5.5.1.3 (d). As
before, Table 5.5.1.3. (a) presents typical statements of
misconceptions along with the number and percentage of such
statements under each category‘of misconception. The table
shows that students hold misconceptions most frequently about
the phenomena of reflection and emission of light. Table
5¢5¢1.3. (b) presents the number of misconceptions explored
in Study 2 under each category of misconception against each
instance., Table 5.5.1.3 (c) compares the statements of
.students of Study 1 and Study 2 qualitatively; whilst the
Table 5.5.1.3 (d) compares the statements of misconceptions
of students in both the studies statistically.

| The qualitative comparison of typical statements
or‘misconceptions of students in Study 1 and 2 shows |
(See Table 5.5.1.3 (c) ) that students in Study 1 and Study 2
hold similar misconceptions. The similarity of
misconceptions is evident from the nature of statements
given in the Table. In both the studies, students do not
understand the phenomena of 'Reflection and Zmission of
Light.' The students of Study 1 hold a view that a burning
candle "reflects light from the match stick." Similarly,
the students of Study 2 say that the moon "gets light from
the sun, only then, it (moon) emits light." ﬁoth the

atatements show that students do not discriminate between
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'emission‘ and ‘reflection', and this difficulty is
common in students of both the studies.

Also, students both in Study 1 and Study 2
hold a view that the distance to which light can travel
is connected to the size of the object emitting light.
Students of Study -1 hold a view that "if the candle is
very large, then its light can go far, but if it is small,
it will stay near." The students of Study 2 give a similar
statement saying that "light from the bigger torch will
go farther."

This comparison of selected statements of students
of Study 1 and Study 2 in this concept area shows that
qualitatively, misconceptions held by the students in both
the studies are similar. Re-teaching by the trained
- teachers did not change their misconceptions which were
previously held by thém.

For the statistical compérison. Chi-Square test
was used. For this purpose, categories which were less
than 5 were added (and recoded) to the adjacent categories.
In this case, category L4 and L5 were added and recoded as
L4+5 as it :as done in case of Force and Energy. The
value of % obtained from these data was 8,14 with
df = 5, and not significant. When the results of students
of Study 1 end Study 2 were compared using Chi-Square Test,
it was found that the students of Study 1 and 2 were not
significantly different from each other.

The results in this concept area are similar to

that of Energy, but different from the concept area of
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Force., Again, as in case of Energy, this result might be
due to the fact that for light, even in Study 1 students
had some technical language such as "light", "reflect",
"glow", "emit", etc. No new technical language was
added ih re-teaching, hence the non~-significance of the
Chi-Square Test.

As referred in Chapter IV, Section 4.,1.2., the
concept Light was investigated by a colleague of the
researcher, But, in Study 2 the same concept was
investigated by the researcher himself, The qualitative
agreement between the statements of misconceptions of
students in Study 1 and 2 as well as the statistical
comparison, is further evidence to support that the two
interviewers obtained similar results using the same

interviewing technique.
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TABLE:  5.5.1.3.(n)

LLGHT ' N - 18
Category Name and Code Typical Statement ggéni ft:gementu
in this category
Ideas about Reflection and L1 “It gots light from the €0
Eniaston of 1ignt {ooon}"enite’ ight.” (53.09)
2Hoon;
e | | mmaime e |
entre s depends on {ts strength, (6,19)
when it loses strength,
it will stop."
(Moon)
If you can't see it in the L3 "No, you can't see it 5
dark, it does not make light. i:Qe:: g;§§.w%:: ::: (4742)
rays enter our eyes,"
(Sun)
Ll
Prerveey Lenmunge B R | e
hester .... when 'light' 55
(electric current)
passes, it emits light,"
(Heater)
Common Senase Answers L5 :g: ::§e= light from (3475)
(Candles *
Ideas about the distance L6 "The light from the 16
light travels ?:Eg;:rtngh will go (14416)
(Torch)
Ideas sbout seeing the L7 "We can see the painting 1
objects because of reflection (8.85)
of light of our eyes.” ¢
(Painting)
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TABLE: 5.5.1.3.(b)
LIGHT N = 18 .
Sr. Categories
No. Instances
L1 L2 L3 L4 LS L6
1 A Candle 10 | - - - 3 2
2 The Sun 10 - 1 1 1 2
3 The Moon 5 1 1 - - -
4 A Torch 11 - - - 14 y
~ An Electric
5 Heater & | .2 - - 3 3
6 Television 5 2 - - 1 1 2
Bright Red > _ ”
7 Painting - - -
8 Mirror 5 1 1 - -
A Movie ‘2 -
9 Screen ' - = -
10 A Rainbow 4 1 1 1 2
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TARLE: 5.5.1.3%.(¢c)

LIGHT
Category Typical Statement Typical Statement
Code Study 1 Study 2
L "No, it reflecta light from the “It gets light from the sun,
1 match stick," only then, it (moon) emits
(Candle) light,"
(Moon)
L? "Yes, you can see people moving "The distance to which moon's
. on the screen, without light, light c¢an go depends on its '
you couldn‘t see them," strength, when it loses
(Television) strength it will stop."
(Moon
L5 "No, you can't see it in the "No, you can't see it in the
dark, because it does not rise dark, you can see it only
in the dark, it is not there." when ites rays enter our
(Sun) eyes."
(Sun)
L, "It reflects light which it . "Yes, it produces light,...
ets from the glowing object," but not ‘electric' heater
Painting) esse When 'light' (electric
current) passes it emits
lignt."
(Heater)
L5 "It does not emit light, "It t;kes light from the
because it gets changed into wax,"
colours." (Candle)
(Rainbow)
L6 "If the candle is very large, "The light from the bigger
then its light can go far, torch will go farther,"
but 4if it is small, it will (Toreh)
stay near.,"
(Candle)
L "You can see it with your “"We can sse the painti
? eyes, if it is dburning,* because of rcflngtion :%
(Candle) light of our eyes,"
(Painting)
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TABLE:. . 5.5.1.3.(d)
TAI RESULTS LIGHT

Category 'Study 1 Study 2 Category | Study 1 Study 2
Code N = 30 N = 18 Codes "I N = 30 N = 18
after
addition
L1 42 60 I% 42 60
L2 6 7 L2 6 7
L3 11 ' 5 LB 11 5
L4 4 4 L4+5 ‘ 15 15
, 11 11
L
L6_ 11 16 ' L6 11 16
L7 | 18 104 L7 19 1Q

7*’ = Z: [;( fo - fe )é]
5 fe
= 8,14

For df = 5, table value is 11.07 at 0.05 level.



220

5¢5.2. THE PAPER-AND-PENCIL TEST RESULTS

The results obtained from the paper-and-pencil

tests in Force, Energy, and Light are presented in Table

5¢5¢2¢1. This table gives the scores or the number of
questions responded correctly by each student in the sample
of Study 2. The table also gives the mean scores ( X )
and the variance ( - £° ) 1in case of each test.

The reliability co-efficient ( Ftt) of each test
was calculated using Kuder - Richardson Formula KR = 20

which is stated as below:

2
T - n x 0°£< ~2pg
tt T porec
Where
r - reliabllity coefficient of the whole
tt test ~ ‘
n - number of items in the test
vta = the variance of the test scores
p - the proportion of the group answering
a test item correctly
q - the proportion of the group answering

a test item incorrectly

(Garrett & Woodworth, 1967, p. 341)
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For fbe calculation of Ttt for each test,
the number of correct and incorrect responses, p, q and
the product pq were obtained. These data are presented
in Table 5.5.2.2, 5.5.2.3 &and 5.5.2.4 for the tests on
Force, Energy, and Light respectively. The reliabdbility

coefficients thus obtained for the tests on Force, Energy,

and Light were 0,68, 0,10, and 0,26 respectively.

These values are rather lower than the usual
values quoted for norm-referenced tests, In the present
case, the tests are criterion-referenced tests, prepared
for the special purpose of finding what students could
perform (Gronlund, 1982, p. 14) without reference to the
performance of others.

. As argued by Gronlund (1982, p. 16), for
criterion - referenced tests the traditional procedures
for estimating reliability (and also the traditional
standards) are insppropriate due to limited score
~ variability. As the criterion - referenced tests are
.prepared to measure different attridbutes, the use of
conventional (KR-20) reliability measures is probadbly not
appropriate. Moreover, as described in Qhapter VI, the
tests consist of items with high difficulty levels. The
test items were difficult because they were designed to
test exact perceptions, or small differences between exact
(correct) and inexact (erroneous) conceptions,

In the test on Force, items 8 and 10 were found
to be easy, whilst items 2,4,6, and 7 were most difficult,
In the test on Energy, items 2,3,9 and 10 were found to be
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easy, whilst item 1 and 7 were the most difficult. 1In
the test on lLight, items 1,4,5,6,7,8 8and 9 were found .
to be easy, whilgf itemg 3 and 10 were the most difficult,
The remaining items in each test i.e. (iems 1,3,5 and 9
in Force, items 4,5,6, and 8 in Energy and item 2 in
Light) were of intermediate difficulty.

The results obtained from these tests show that
generally, the performance of students was very low. In
case of the test on Force, the range of questions
answered correctly by the students was 0-7; whilst it
was 2-7 in Energy, and 3-8 in Light out of 10 in each test,
As far as individual test items are concerned; only 2
items in PForce (Table 5.5.2.2); 4 items in Energy
(Table 5.5.2.3) &and 7 items in Light (Table 5.5.2.4)
were answered correctly by more than 50% of the students

in the sample,



TABLE: 5.5.2.1.

N = 18
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PAPER-AND-PENCIL TEST RESULTS

Scores of Students on the three Tests
Students
Force 40 EneTey /40 Light /40

1 4 ' 7 3

2 1 5 .5

3 1 6 3
4 7 6 4

5 7 > 7

6 3 4 9

7 6 4 5

8 2 3 5

9 3 5 5
10 6 .2 5
11 4 3 8

12 > 5 6
13 3 6 7
14 4 4 6
15 Y 7 6
16 1 4 5
19 6 2 8
18 3 5 6

X 3.5 4,5 5.7
6 t° 4.6 2.38 2.65
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TABLE: 5.5.2.2.
PAPER~AND-PENCIL TEST RESULTS
FORCE ( N = 18)
Question | No, of Proportion of Proportion of
Correct Correct Answers Incorrect Pq
Nos. * | Answers Answers
(P) (@ =1 -7p)
1 7 0.38 0.62 0.24
2 1 0.05 0.95 0.05
3 7 0.38 0.62 0.24
4 0 0] 1.00 0.00
5 7 0.38 0.62 0.24
6 4 0.22 0.78 0.17
? 5 0.27 0.73 0.21
8 15 0.83% 0.17 0.14
9 9 0.5 0.5 0.25'
10 10 0.55 0.45 - 0.25
>pa=1.79

Using the Formula KR-20 :
rtt = n_ X (ot - Ypg )
= s s
10 X 4,6 =1,
R -

or rtt =

rtt =

.68
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TABLE: 5.5.2.3.
PAPER-AND-PENCIL TEST RESULTS
ENERGY (N = 18)

Using the Formula XR-20
rtt = __n x (O‘t2 -2 pq )
‘ n= o t<

or rtt = 10 x 2.%8 = 2,16
2.58

o

rtt = 0.10

Question | No. of Proportion of Proportion of
Correct Correct Answers| Incorrect Pa
Nos. Answers (p) Answers
(q =1 -7
1 4 0.22 : 0.78 0.17
2 10 0.55 0.45 0.25
3 12 0.66 0.34 0.22°
4 Vi 0.38 0.62 0.24
5 8 _ O.44 0.56 - 0.25
6 8 - 0.44 . 0.56 0.25
7 | 1 0.05 0.95 10.05
8 9 0.5 1. o 0.25
9 1M 0.61 , 0.39 0.24
10 1 | 0.61 0.39 0.24
2{pq-2.16
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PAPER-AND-PENCIL TEST RESULTS

Using the Formula KRQEO.'

A = g L

or rtt =

rtt =

10 x
-3 ‘

0.25

t
2065 - 2-04
N CY)

LIGHT (N = 18)
Question | No., of Proportion of Proportion of
Correct | Correct Answers | Incorrect
Nos. Answers (p) Answers Pq
(g =1 -p)
1 12 0.66 0.%24 0.22
2 8 O.44 0.56 0.25
3 5 0.27 0.73 0.21
4 11 0.61 0.39 0.24
5 14 0.77 0.23 0.18
6 14 0.77 0.23 0.18
7 15 0.83 0.17 0.4
8 10 0.55 0.45 0.25
9. 11 0.61 0.39 0.24
10 3 0.16 0.84 0.13
2 pa=2.04
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5.6, SUMMARY AND DISCUSSION

The retest results show that students of Study 1
and 2 hold similar misconceptions in Force, Energy, and

Light. This similarity has been established by the
qualitative and quantitat;ve comparison of statements of
students' misconceptions in both the studies, The retest
results demonstrate that students' misconceptions persist
despite re-teaching of the concepts by the informed
teachers. It appears from these results that informing
the teachers about students' misconceptions fails to help
them achieve correction of these misconceptions, |
Although, in general, few differences were found
in the Stage 2 results, children did seem to be a little
more specific in their responses than they did in Study 1.
In the re-test interviews, they made more use of scientific
terms rather than their own words to describe various
situations. Because of this, the number of statements given
by students in certain categories of misconceptions in
each concept area had increased due to wrong use of new
terms by them in a variety of ways. This increase caused
significant difference between the statemenfs of students
of Study 1 and 2 in the concept area of Forcej but the
difference was not significant in other areas because of
comparatively smaller increase in the number of statements

using technical words,.
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Setting aside the possibility this reflects the
greater maturity of the students, the difference appears
to stem from re-tesaching the concepts. It 1s possible
that during re-teaching, scientific terms were stressed by
the teachers perhaps in their efforts to remove the
misconceptions, Students used the new terms which they
have come to know during re-teaching in a manner that
showed lack of understanding. They applied new terms to
their '0ld' misconceptions. This is further illustrated
by the low performance of students on paper-and-pencil
tests,

From the.results of Study 2, it appears that
little meaningful learning took place. The new scientific
terms which the students have come to know during
re-teaching could not be assimilated by them. As argued by
Miller (1980), these students are missing relevant subsumers
in their cognitive structures that would enable them to
integrate the (new) abastract ideas into the hierarchy
already present. Because as argued further by Summers
(1982) 1lesrning will only be meaningful when the new idea
or concept which is to be learnt can be consciously related
to relevant concepts and ideas which have been acquired
previously. In other words, for meaningful learning to
occur the learner must be able to integrate the new idea
or concept into his or her existing cognitive structure.

Purther, it appears from the results that the
students of Study 2 applied the new words to their

incorrect concepts. The new terms were integrated into the
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existing (wrong) structures, because without some form
of integration, it is doubtful if the technical terms
would have been retained in the period from teaching to
testing. The retention of new technical terms argues for
integration, the results argue for integration into the
"wrong" schema,

It was due to tﬁe integration of new terms into
the existing (wrong) structures that students of Study 2
demonstrated lack of understanding., Students used the new .
scientific terms indiscriminately, and it seems that
students do not understand !gég they do (S8joberg and Lie,
1981). The only "development" 'which_seems to occur is
that some qf the mistakes were expressed more clearly
by the more mature students and the re-teaching gave the
pupils the tools to express their views,

Although, the teacher training programme used
in Study 2 was short (6 hours only) and the null result is
based on a study of 2 teachers and 18 students only, it
may nevertheless be significant. The result is significant
in the sense that a null effect was obtained despite the
fact that much of the study was conducted under very
favourable conditions. The teachers selected were not
ordinary teachers, both had a strong academic and
professional background and were known in their schools
for their dedication and hard work. Thase better than .
average teachers are more likely than others to be able

and willing to apply results of Ausubel's work,bthe new
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ey Lo < o o 5

teaching techniques etc. Also, almost everj kind of
physical facility was‘available for claséroom teaching.
Moreover, they were keener to tackle the children's
misconceptions after they were told about these

misconceptions during the workshop. The students in the

sample were also very motivated because of the interactions
they had during interviews on various instances. Attendance
for re-teaching and re-testing shows this, But, inspite

of all this, the study failed to show a decrease in the
level of students misunderstandings of basic concepts.

This result might have been caused either due
to the inexact teaching of the technical terms (if the
" technicsl term is not taught precisely it can appear to
it a range of phenomena not Just the correct one), or
failure of teachers to pick up students' inexact use of
the terms. This is the sort of thing that Nussbaum's
exercise might have picked up if the teachers had done
this exercise with their students. It seems that teachers
did not benerif from Nussbaum and LISP exercises used in
the training sessions.

As described earlier in section 5.4 of this
Chapter, the two tests (IAI and paper-snd-pencil) were
conducted on the sample students of Study 2 with an
approximate time interval of five months from the time of
re-teaching. PFirst the paper-and-pencil tests were used
immediately after re-~teaching, Qhereas'the same students

were tested again using IAI technique after a period of

five months. This appears'to have the problem that students
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would have forgotten what they have leasrnt during re-
teaching. Although, testing the students after such a
long time period was a necessity, probably this proved

to be an advantage to seek long term changes in the students'
cognitive structures and give time for rote-~learnt material
to be forgotten (Ausubel et al, 1978), The students were
re-taught the concepts one year after they had their first
JAT testsy end re-tested using the same technique five
months after re-teaching, In this manner, there was
approximately 17 months time difference between the first
testing and re-testing. But.'thé IAX technique brought the
same results which clearly indicates that the IAI approach
does prode the conceptbstructurgs.

The fact that pupils gained additional technical
vocabulary suggests that the two teachers did stress new
ideas during re-teaching, i.e. the teacher-training
programme did have some effect. But either

i) the effect was too weak to alter the strongly
held students' views, or
ii) the teacher training was not of the right kind,

This small experiment leads one to cohclude that
merely informing teachers about children's misconceptions
does not prove to be effective. Once again there is
evidence that the misconceptions held by children are
strong, enduring and resistant to change,

As the sample was small and the programme was
short, any attempt to generalise the results must be treated

with caution. However, the lack of success may be confirmed

in a larger studye.:
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CHAPTER VI
STUDY 3

TEACHER TRAINING -AND LARGE SCALE TESTING OF STUDENTS

The results of thg second study strongly suggest
that merely informing teachers about children's
misconceptions does not enable them (the teachers) to
bring about changes in these conceptions. Study 2 showed
that there was almost no reduction in the children's
misconceptions and that, more disappointingly, some
additional inconsistent ideas were introduced as a result
of the reteaching. We conslude with Ogsborne and Gildert
(1980) end Champagne et al (1983) that children's
misconceptions are strong, ehduring'and are not removed by
simply telling the teachers about these misconceptions.
Further, it has been shown that it is comparatively easy
to cause students to apply new technical vocabulary to their
existing 1deas without requiring these to be modified, .

Since only two teachers were trainéd and the
number of students who were involved in re-teaching and

're-testing was only 18, the researcher had to consider a
means of training teachers and the testing of students on
a larger scale. Such a study would be for the purpose of
obtaining more detailed information about the nature of the
problem, A

The larger scale programme of teacher training
and testing of students was necessary, because the

researcher was interested to incorporate this programme and
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the methodology so established in a project to be set up
for the purpose of improvement of science education in
Pakistan. As mentioned in Chapter 1, this project has as
one of its objectives the improvement of science education
through changes in science teacher education in the country.
Because a larger number of students was to be
involved in the new sfudy it was not feasible to use the
IAI technique. For this reason, paper-and-pencil
instruments which were similar to IAI Cards were devised,
tested for reliability and finalized for testing children
in groups., Concurrently, workshop materials were developed
for the training of teachers for re=-teaching the concepts
of Porce, Energy, and Light in their own schools. The
teacher-training programme, the workshop, and the results

obtained are the subject of this chapter,

6.1, THE TEACHER TRAINING PROGRAMME

As described earlier in Chapter III, the main
focus of fhe reéearchers in the field of pupils conceptions
has been the learnerj comparatively very little attention
has been paid to the teachers. The majority of studies do
mention the importance of the knowledge of pupils’
misconceptions by the teachers, but few report work done to
investigate and to subsequently modify teachers' behaviours.

This section after teking into account the
previous research work describes the need for a new

programme and the organisation of this programme,
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6.1.1., REVIEW OF PREVIOUS WORK

Recent research work ignores the teachers in
two ways., PFirstly, no direct testing of the teachers has
been done. Secondly, very little effort has been made to
help the teachers correct possible misconceptions.

However, a few of the researchers do mention some of the
teacheré' naive ideas, For examble. Viennot (1979)

referring to an earlier study (Viennot, 1977) says that
teachérs tend to maeke mistakes similar to those of their
pupils when they answer in a hurry., Helm (1980) identified
the teachers as the major cause of misconceptions in Physics
amongst South African students, with textbooks and examination
papers contributing their fair share,

Hope and Townsend (1983) studied the extent to
vhich accurate scientific conceptlons‘in'certain physical
and biological concepts are held by first year teacher
trainees, using the LISP survey in Physiecs (Osborne, et al
1981) and biology (Bell, 1981). The subjects were first
year students training as primary school teachers.: It was
found that biological concepts were relatively well
understood by student teachers although some scientific
misconceptions still occurred, particularly for the animal
and living categories. Also, it was found that student
teachers held a number of inaccurate or false conceptions
about physical science and their general performance was

more similar to a fourth form level than a sixth form level.
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Ivowi (1984) reports that teachers (in Nigeria)
seem to have similar misconceptions to their students.

He claims that in some areas of physics the ﬁain causes of
these misconceptions in students can be traced to teachers
and some available textbooks. Barrass (1984) identifies
15 major 'misconceptions' and ‘'misunderstandings' in
standard textbooks of biology.. These books have no doubdbt
been written mostly by teachers, James (1983) came to
realise her own misconceptions at the end of a lesson
saying that 'not only were students' preconceptions
important to consider, but also a teacher's own
preconceptions should be taken into account.'

According tb Gilbert et sl (1982), 'Just as by
children's science we mean those views of the natural
world and the meanings for scientific words held by
children before formal science teaching eseceee teachars
undoubtedly have a widé variety of viewpoints ranging from
almost children's science to scientists' scienco'

Zylbersztajn and Watts (1980) designed a study
to investigate both the occurrence of some specific ideas
about the concept of 'Force’ among seoondgry school students
and the teachers' awareness concerning this occurrence.

In this study, students were tested using a questionnaire
(described earlierkin‘Chapter IV);k while the teachers were
interviewed using the questiénnairg as A»focus. Thé
teachers were asked to write below each alféfnativg the
percentages‘or their students they thought woﬁld chbose it.
Teachers seemed to be aware of the studenté' choices in- '

some of the cases, but their predictions were not vefy good
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in the others.

Osborne and Gilbert (1979) as a part of their
investigation of the concepts 'Work' and 'Electric Current'
explored the relevance of the Interview-About-Instances
(IAI) approach to the classroom. In this connection, a
workshop was held with the teachers on the concept 'Electric
Current'. This workshop formed part of a one day in-service
course for teachers who were involved in teaching an

A-level physics course. The main aims of the workshop

weres
i. to help teachers clarify their own ideas about
'electric current’
ii. to make teachers more aware of the understandings

some students have about 'electric current'.
iii., | to suggest and discuss ways that 'instances’
R might be used to diagnose student underétanding
and to teach concepté.
" The workshop consisted of four sessions and was
‘reported to be useful within the limitations of its aims.

A few studies have attempted to modify children's
ideas by designing instruction for pupils instead of
training the teachers. Nussbaum and Novick (1981) designed
two lessons on the particle model. The strategy used was
a 'brainstorming' exercise based on the (British) Science
Teacher Education Project. lesson I was planned for
'Exposing alternative frameworks and creating cognitive
dissonance', and Lesson II dealt with 'Inventing’a modsel

through accommodation's The researchers suggest that the
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lessons contributed to the pupils' cognitive understanding.
The whole activity was watched by the pupils' own
classroom teachers. No follow-up study of the teachers
was reported.

Gunstone et al (1981) designed 6 sessions of
special activities in an effort to modify students'
Aristoteliah views about force and motion. The programme
had only limited success in changing students' world views
of the concepts.

Minstrell (1982) investigated the "at rest"
condition of an obJect with two physics classes at a high
school. As a part of his investigation, he suggests the
following instructional factors that apparently aid in the
development of the students' concept of force: |

i. an engaging, free thinking, free speaking social
context, in which students are encouraged to
articulate their beliefs, »

ii. a Juxtaposition of a variety of first-hand
experiences with static objects, and
iii, encouragement to sesrch for the simplest,
consistent, rational afgument that will explain
the similafity of effects in an apparent
diversity of experiences, ‘
It appeared that some students did change their conceptual
understanding. At the very least, as a result of
instruction, the students were more willing to hold and
use the physicists' view of forces on static obJjects in

subsequent problem solving.
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Osborne (1983) tried to modify children's ideas
about electric current by exposing them to experimental
evidence that was at variance with their ideas. Also, an
analogy was given that supported the scientists' ideas
and pupils' reaction to this was sought. It was found that
although most children had modified their views with respect
to the simple battery, buldb, and wires circuit, they
retained their pre«~lesson model for situations where the
return path was not obvious.

Some of the researchers/research teams tried to
help the teachers either by devising activities to be done
as part of their training or by preparing materials for
them to use with the pupils, Nussbaum (1981) investigated
student teachers' competency to disgnose pupils’ cns&ers
for possible misconceptions., The materials consisted of
two supposed explanations of a given physical phenomena,
These explanations constructed by the author, were based
on’rindings of a previous study in which individual pupils’
explanations of certain demonstrated physicﬁliphenomena were
analysed, This exercise, in which twoyworksheets ﬁere used,
was done by the student teachers as part'of their programme,

Nussbaum argues, ‘'diagnosing aﬂpupil'a‘ |
miscopcéptions appropriately is but the firsf step to:bc'
taken by the teacher towards helping the pﬁpil to replace
his persistent preconceptions with the scientific concepts .
He ‘finds that most student teachers participating in this
study before receiving any relevant training were not ready

to maske appropriate diagnosis of misconceptioné. They rather
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tended to make general descriptive remarks which did not
have any interpretative quality.- The need for gpecific
training activities, to develop diasgnostic competency is

clear,

Northfield and Gunstone (1983) while reviewing
activities from & one-year Teacher Education Programme |
regarded three concerns as necessary in any programme
incorporating the outcomes of 'alternative frameworks'

research, These concerns are the student teachers'

i. Science background
ii. - VUnderstanding of their own learning
iii.,  Understanding of children's learning.

The authors felt that making student teachers
aware of the existence of alternative frameworks in their
own and their pupils' thinking is not a difficult task; but
dealing with the implications for their later teaching roles
provides a further (and perhaps greater) challenge. No
follow-up study of the teachers is reported.

- The Learning in Science Project (LISP) in its
Action-research phase, had as one of its aims the finding of
ways to solve some of these problems, The team considered
that the best help it could give teachers would be to devise
materiasls for them. The groups (Physics, Chemistry, Biology)
developed materials in their own subject areas.

~ The physics group developed two papers‘ror teachers.
The first of these papers (No. 33), titled 'Force, Friction
and Gravity -- Notes for Teachers' (Osborne et al 1981)

provided background information on children's and scientists'
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ideas about force, friction and gravity. The paper states
that to teach ideas about a concept (e.g. force) successfully,

it is necessary (for the teachers) to know three things:

i. what physicists mean by the term 'force'.
ii. what children typically mean by the term and,

more importantly,
iid. what your own (teacher) views are of 'force', and

how these views compare with (i) and (ii) above.

The paper consists of three parts. Part 1 gives
survey questions for iﬁvestigating teacher's own viaws, and
the physicists' esnswers to the survey questions are given,
Part 2 gives a summary of contrast between children's idesas
and scientists' ideas. Part 3 describes scientists' views
of force in detail and contrasts them with children's views
about ‘force'. ' ,

The second paper (No. 34) titled 'Teaching about
Force - Suggested teaching Activities' (Schollum et al, 1981)
provides a set of teaching activities suitable for the Form -
1-4 level. The activities were designed to modify children's
views about 'force' toward the scientific view by‘taking into
account the rindings ot the in-depth phase, Pre-tests and
Post-tests were also provided so that teachers could evaluate
the success o: their teaching approach. In addition to this,
the Activities group also produced some videotapes showing

the strategies being used in the classroom.
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6.1.2. NEED FOR A NEW PROGRAMME

Results of the present study already described
have shown that teachers also hold misconceptions similar
to those held by their stﬁdents. and simply telling or
making teachers aware of children's misconceptions does
not affect the teachers' performance on the test. With
these results in mind, the need for a fresh approach to
training of teachers in sciénce concepts is evident.

A decision was taken to plan a fresh teacher
training programme. Existing programmes were considered
unsuitable becausei-

i. Some were planned in a limited context, e.g.

Nussbaum (1981) and focused only on the disgnostic

ability of the teachers, but, the researcher
looked for a detailed programme for in-depth
training of teachers,

ii, Others were not feasible being too long, e.g.

Northfield and Gunstone (1983) describe a one-year

programme, but for the present study, only a
ons=-day programme was feasible.
1ii, Most mainly dealt with student teachers, In

contrast, the present study involves in-service

teachers holding B.Sc. and M.Ed./M.A, Edu. degrees.

Briefly, it can be said that the previous
programmes do not meet the requirements of the progrﬁmme'
intendéd for the‘present study. The main considerations
underlying this teacher training programme were, that
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ii.

iii,

i.

ii,
ii4,

iv.

Ve
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it should be short, so that it is easily useable

in the Colleges of Education and does not require
large scale changes as far as the contents of the
existing courses and the college time table is
concerned,

it should be suitable for teaching by Teacher
Educators with limited special trainingj
otherwise, it would be difficult for them to use
the programme,

its ideas should be easily implemented by

experienced teachers in the classrooms., If

. teachers face too great difficulties in the

implementation of new ideas, then the impact of
training cannot reach the child, the ultimate aim

of teacher education.

The programme had the following obJectives:
After attending this programme, the teachers
should |

have a general background of the recent research
work concerning éhildren's understanding of
basic concepts of science, and the techniques
used for this purpose,

have a knowledge of children's misconceptions,
know how to diagnose pupils' misconceptions,

have a knowledge of their own and other‘teachers'

- possible misconceptions and those in textbooks.

be able to contrast children's/teachers' ideas

and scientists'! ideas,
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vi. understand the interaction of children's and
teachers' ideas.,
vii.. be able to relate research findings to selected
topics of Educational Psychology.
viii, be aware that a wrongly planned lesson can
establish the misconceptions more firmly.

While plenning this programme, maximum
utilization was made of the work alreasdy described of
other researchers. In this regard, the works of Osborne
and Gilbert (1979)3 2Zylbersztajn and Watts (1980);
Nussbaum (1981); Osborne end Gilbert (1981); Schollum et
al (1984); Gilbert et al (1982); James (1983)3; Osborne
(4983); Northfield and Gunstone (1983) and the learning
in Seience Project as a whole (Osborne and Freyberg, 1981)
have been used as sources of guidance to plan the
activities of this teacher training programme. As an
overall plan, this programme was designed following the
strategy suggested by LISP thats ‘'the partieipants should
be told the differences between the views of the students
and that of scientists’.

6.1.3, ORGANIZATION OF REW PROGRAMME

. For the execution of the teacher training
programme a one-day workshop was planned_for tbe feéqhers.
The workshop programme was planned to consist of tw§ ﬁart;:
Lecture I and Lecture II, The workshop programme and

.
methodology are described in more detail in gection 6.6
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of this Chapter. Although described as 'lLecture' each
session also included demonstrations and discussions.

The main aim of Lecture I was to make the teachers
generally aware of the science misconceptions of both
pupils and science teachers, It was planned that during
fhis lecture, teachers would be told about the recent
research work concerning children'’s understanding of
various concepts of science and the techniques being used
(in particular IAI) for the purpose of these investigations,
This lecture was also planned to discuss the misconceptions
of children in the concepts of Force, Energy, and Lightj
and the misconceptions of teachers in the concept 02122523
along with the correct conceptions of these concepts,

. | Lecture II was generally aimed at providing a
fheoretical background and opportunities for teachers to
think.about classroom teaching in order to taqkle.children's
misconceptions. In this connection, it was planned that
this lecture would include discussion on Ausubel's Theory
of learning as it related 'Mesningful® and 'Rote’ learningy
and interaction of children's ideas and teacher's ideas
making use of the main ideas from Gilbertfet‘al (1982),
Then, it was planned to discuss an example of a lesson which
wag adapted from James (1983) that made children's
misconceptions worse, which would then be follovedrby an
exercise édapted from Nussbaum (1981) to diagndseichildren's
misconceptions, : IR

This was followed by use of some worksheets from

the LISP team for discussion and further exarcises to
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contrast children's ideas and scientists' ideas., Part 2
of the programme concluded with a summary/discussion of
the ideas discussed in the workshop. ,

This teacher training programhe is réasible in
the light of its aims because of having an adequate length
and the contents selected for the programme, Moreover, it
does not require much staff for the programme to be
implemented. Briefly, it can be said, that the programme
is simple and easily useable by others without causing
many practical difficulties. If the programme is
successful, it could be implemented in the Teacher Education

Colleges and Institutes of Education and Research in
Pakistan,

6.2, THE EXPERIMENTAL DESIGN

The sample of the study consisted of a group of
21 volunteer secondary school science teachéré héving B.sé.
and M.A., Education or M,Ed., degrees with specializatibn in
Science Education. The selectioh proéedﬁre and other
related matters are described in séction 6.6, of this
Chapter, | B

As shown later in diesgram 6.6.1., the group of
21 teachers was distributed to three equal groups (A, B and
C) on random basis to undergo dirrerent training and to
follow the Post—Test only control Group Design of Campbell
and Stanley (1963, P. 25). The modified design to meet
the present purpose is shown in Pig., 6.2.1. ‘
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R X 0, (Experimental Group)
R 0, (Bxperimental Group)
R . 03 (Control Group)

where R = Random assignment to separate treatment groups
X = treatment

049 00 O5 = Observations/Post tests.

Fis. 6.2.1.

In this design, the symbol R indicates that at

a specific time prior to X (treatment) the groups were
made equivalent by a random sampling assignment. According
to Campbell (kirk, 1972, P, 192), the sampling procedures
employed assure us that at time R the groupsvwere equal,
even if not measured. R provides a point of prioi equality
Just as does selection based on results of a pre-test. The
range of uniformity obtained by random selection depends
upon the size of the sample selected,

| As shown by Campbell and Stanley (1963, P, 8),
this design provides for control on the majority of sources
affecting internal and external validity of experiments,
In the light of the aims of the present study, this design
was found to be most useful because, in particular, it

controls-although it does not measure = the main effects of

history, maturation, and pre-testing (Van Dalen, 1979, P.256).
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Campbell and Stanley (1963, P. 5) describe these variables
as followss
1. HBistory, the specific events occurring between
the first and second measurement in addition
to the experimental varisble,
2e Maturation, processes within the respondents
operating as a function of the passage of time
per se (not specific to the particuler events),
including growing older, growing hungrier,
growing more tired, and the like,
3, Pre-testing, the effects of taking a (pre) test

upon the scores of a second testing.

This design is also superior to some other
designs, because no interaction effect of pre-testing and
treatment can occur. Pre-testing may alert subjects to
features of the experimental treatment they would otherwise
have,ignored or not observed., This sensitisation may
affect both cqntrol and experimental groups but not ‘
necessarily to the same degree. Thus the differential
effect of the testing rather than the treatment may be
responsible for the whole or part of sny observed
differences at the post-test stage.

After the formation of groups, a different
treatment was given to each of the three groups (See Section
6.6). After the treatment, the science teachers went to
their schools to reteach the concepts chosen for this study.
Each teacher retsught the contents in his/her own school to

an intact class of students. No random assignment was

e ———————— P T e forr et
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possible with these classes because qf some practical
problems. Because the teachers in the sample belonged to
schools situated at large distances from Lahore, and were
volunteer teachers, it was not possible to send them to
different schools or to arrange different treatments in
any school, _

As far as the size of the sample is concerned,
it looks to be small i.e. only 7 teachers in each group
as compared to usually recommended sample size. Garrett
and Woodworth (1967, P, 208) suggest that if the sample is
less than 25, say then there is often little reason for
believing such a small group of persons to be adequately
descriptive of any population. The authors further state
that the larger the sample the larger the standard
deviation of the sample and more inclusive (and presumably
representative) the sample beéomes of the general
population., From the results of many trials based on
computer-generated data, Petrinovich ana Hanrdyck (Xirk,
1972) conclude that tests based on groups of less than 10
individuals lack sensitivity.

. Notwithstanding the statistical merits of large
samples, it is evident that the size of the sample in the
present study was limited by the time and resources
avallable to the single part-time investigator, Because
of this limitation 30 teachers were invited to take part
in the study; 24 turned up; 3 were dropped from the
sample; as a result only 21 were left,
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As described earlier, re-teaching was plsnned to
be done in intact classes, and as argued by Peckham, Glass
and Hopkins (1969) 'if the unit which is randomly assigned
to treatment is the intact class, the logic of the
situation may demand that the classroom be the unit of
analysis.' Although, in the present study, the teachers
- and not the classes were randomly assigned to treatmentj
sand since all the members of one class received the same
treatment, therefore, they must.be treated as one unit.
Hence, the class (the least unit) received different
treatment.,

After reteaching, these classes of etudents were
tested using multiple-choice test items (see later). In
order to carry out the statistical analysis, means of each
class would be obtained in each concept area and comparison
would be-made between classes taught by teachers in groups
A. B and C, | |

The comparison of groups is fundamental to the
experimental method. When only two groups are involved it
is customary to apply a t-test to compare the two means,
However, when more than two groups are involved repeated
application of the t-test to 2ll possible pairwise
comparisons may not be Justified.

For the comparison of groups in the present study,
the Scheffe test was selectsd because it is appropriate for
making any and all comparisons of interest on a set of K
means (Edwards, 1968, P. 150). The method uses the
criterion that the probability of rejecting the null
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hypothesis when it is true (a Type I error) should not
exceed 0.01 or 0.05, for eéxample for any of the comparisons
made.

The Scheffe's method is more rigorous than other
multiple comparison methods with regard to Type I error
(Ferguson. 1976, P, 296). It leads to fewer significant
dirrerencea. Accordins to Petrinovich and Hardyck (Kirk,
1972, P. 314), Scheffe's test is extremely conservative
and will slways produce extremely low Type I error rates
when comparisons are limited to all possible pairs.

As argued by Ferguson (1976, P, 296) the Scheffe
test haa other merits too. It is easy to apply; no specisl
problems arise because of unequal n's, and it uses the
readily calculated P statistiés, The criterion it employs
in the evaluation o: nrull hypothesis is simple and readily
understood. It is not seriously affected by violations of
the assumptions of normality end homogeneity of variance,
unless those are gross. o ’

: Becauée of these strong points. the taat was
used to compare the'three groups, as shown in the table
6.2.2., first on the mean scores of the whole test, and
then on subsets of items in each test. The subsets of items
are described later in this chapter. e ‘

| In addition to the application of the Scheffe
test, it was decided that a Chi-Square test would test the
significance of the difference between the mean scores of
the groups after obtaining the rreouanciea of right (R)

and Wrong (W) answers to each test item. The results are




¥
g
S

£
i3

251

TABLE: 6.2.2

Con- A B C

cept Subsgets Means Means Means
Area

TFS - === -

Force

FS2 -— --- ==

TES - === -

Energy - _

ES2 - == s

TLS - ' T CE

Light

1s2 - i N
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presented in Section 6.9. of this Chapter,.

6.3. NEED FOR NEW TEST INSTRUMENTS

As explained earlier, it is not usually feasible
to use the IAI approach to test a large sample, because of
the time and manpower resources that would be required,
Therefore, it was decided to develop objective test
instruments for the testing of students' misconceptions,
Objective tests have the following characteristics
(Macintosh and Morrison, 1969) rglevant to this study.
They ares '

i. 1relisdble,

ii. eagsy to administer to a large sample,

1ii, easy to mark, and to interpret the results.
~ According to Deale (1975), the moat familiar

form of objective test is the multiple-choice, where pupils
have to mark the one correct answer out of several posasibdle
answers. Also, as argued by Marshal and Eales (1971), a
multiple-choice test is the most flexible and versatile of
all the selection-type assessment instruments and c¢an be
used to measure both knowledge outcomes and various types
of intellectual skills (Gronlund, 1982), It was decided
to conastruct a test of multiple-choice items for the

purpose of the present study.
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6.4, DESIGN OF MULTIPLE-CHOICE TESTS

As the main purpose of this study was to extend
the pilot study of Stage 2, the same concepts Force, Energy

and Light were selected. Therefore, three seperate tests
were required for the experiment. The main consideration
which formed the basis for the objective test construction
was that maximum similarity was maintained between the
instances used for IAI ihterviewa and in these tests,

Where-ever possible the tests used the same
instances as used in the interviews., Because 20 items were
réﬁuired initially to construct the test, more than were
available from the IAI cards, further instances of the 3
concepts were selected from other sources (See Table 6.4.1.).
While selecting the sets of questions for each test, care
was taken to ensure that items from all "themes" were
included for which IAI cards were designed. The full
lists of test items are included in Appendicea'l and J,

Each item had four responses from which students
make their choice of response. Depending upon the
situation, some items have more than one correct response.
‘Approximately S50% items in the test on Force had more
than one correct response, The test on Energy had only
two such items, whilst each item in the test on Light had
only one correct response,

The question part in the stem of the question
clearly mentions that students have to give all correct

responses out of the four responses given in sach itemj
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Concepts

Sources from where instances were
selected for Mc Tests

Force

Osborne (1980), Zylbersztajn and
Watts (1980), Osborne et al (1981),
Schollum et al (1981), and Watts

(1983)

Energy

Stead (1980), and
Watts (1983)

Light

Stead and Osborne (1980),
Andersson & Karrqvist (1982; 1983)
and Personal Construction of
Knowledge Group
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the instructions also made it clear that in each item
there is a possibility that more than one response might
be correct.

The students selected to take the tests had no
prior experience with the multiple-choice tests, and were
to be exposed for the first time with this test format, so
the format adopted in the construction of these tests was
not disturbing for them as it might have been for students
familiar‘with the ‘one-correct answer' format.

Por marking the tests, it was decided that '1°
mark would be assigned to an item which is answered totally
’cbfrectly. and '0' mark would be assigned otherwise. To
obtain a '1' mark students must indicate-g;l ‘correct
responses and no incorrect responses, |

This answer format had two effects. Firat it
made thé items more difficult for the atﬁdents. In contrast
to the four option single-correct answer format in which
there is a 25% chance of selecting the correct response by
guessing only, the present format effectively reduced the
'guessing score' to zero. Students had to demonstrate
100% knowledge of both exemplars and non-exemplars, i.e.
in order to answer an item correctly, students must know
all the correct and in-correct responses. For example, if
a student has to answer A, B, C and leave D in oxrder to
answer the following item correctly, he can not answer it
unless he recognises all the correct and incorrect

responses,
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Becond, machine scoring of responses was made
necessary and more restrictive. Whereas descriptive
statistics showing percentages of students choosing a
particulsr response are valuable for the usual type of

multiple-choice item, it is only combinations of responses

that are of interest in the present test.,

All the test items were first developed in
English and were seen by three Science Education lecturers.
After incorporating their suggestions, the tests were
translated into Urdu and were examined again by the same
colleagues, Students used the tests in Urdu without seeing
the Ehglish version.

6.5 RELIABILITY TEST OF NEW INSTRUMENTS

Each set of items was pilot tested in a school.
Por this purpose, the Government High School Township,
Lahore was éelected. because it had an adequate number of
8th class students. Only one school was used for the pilot
testing because the researcher did not want to lose schools
from the main experiment, .

Each of the 3 tests was adminiétered»to a

different group of 100 students. The tests were administered
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during the second week of April 1984 1in two visits to %
the school. On the first visit, the test on Force
was given, and on the second visit, tests on Energy and
Light were given simultaneously to two groups of students.

Prior to administration of the tests, the
multiple-choice test format and how it is answered was
explained.on the chalkboard, In his explanation, the
reséarcher used two examples from general knowledge and
one example from science. This example was made very
similar to the design of the items of the present tests
but was not from the concept area relevant to the group.
Por example, the group taking the test on Force was given
an example in Light. The explanation of the multiple-choice
test was necessary, because as explained earlier, the
students were not familiar with this type of question.

Students were told to ask, if they had any
difficulty in understanding the queétions. No time
restriction was imposed on answering the test items.
Student collaboration was not allowed, ”

The reliability of each item was estimated using
the procedure described by Brown, Hitchman and Yeoman
- (1971). They state that tests should consist of items of
medium difficulty (F = 0.3 to 0.7) and of discrimination
value O.4 or better. Using these criteria, 10 items were
selected for each concepts The P and D values of the
selected and non-selected items in each test are given in
Appendix I under each item of the English version., The P

values are rather lower than the normal values.\thié is
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accepted in light of the criterion-nature of the tests and
the lack of guessing score as previously explained.

6.6, THE EXPERIMENTAL WORKSHOP

As already stated the teacher training workshop
was planned to train a group o: science teachers to reduce
the number of misconceptions held by ohildren about the
concepts of Force, Energy, and Light, Because of the

nature or teacher education in Pakistan, attendance at the
workshop was restricted to volunteer teachers who were
ready fo travel at their own expense,kparticipate in the
workshop during leisure time and who were ready to teach
in their own schools by meking special adjustments to the
time-table. | | |

Instead of eelectins a random sample of science
teachers, the researcher selected a sample of volunteer
science teachers. This was done keeping in view the demande
to be made on the‘subjects. As argued by Borg'and Gall
(1983) random sampling of broad populations is possible
for survey‘rosearch in which slight demands are made on
the subjeofs. For educational studies that employ other
‘methods than survey,‘such as correlational or!oxperimemtal
research, the demands on the subjects are usually much
greater, and consequently . it is virtually impossible to
obtain the cooperation of all subdects seleoted by random
sampling, Even if the researcher selects a random aample.

he can rarely get cooperation from all the subjaota selected.
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When some subjects refuse to participate in a study, the
remaining subjects no longer constitute a random sample
because persons who agree to participate are likely to be
different from those who do not,

FPor the selection of sample the teachers were
approached in either of two ways. A few of the teachers
were contacted at their home or school addresses through
post or through friends and.colleagues; about 50% of the
teachers who took part in the workshop were approached in
this way. Other teachers were contacted personally at the
Punjab Education Extension Centre, Lahore whilst they were
participating in another workshop organised by the
Government. ‘

About 30 teachers agreed to help with the
workshop, but only 24 were able to do so. Of these 24,
three had only B.Sc. and B.Ed, qualifications, so they were
excluded from the sample; the remaining 21 teachers held
both B.Sc. and M.A. Fducation/M.Ed. degrees with
specialization in science education,

After a half hour introductory session on the
workshop day, the 21 participants were divided into three
equal groups. Group-wise distribution of teachers is given
in Appendix K. Grouping was done randomly to follow the
overall plsn of Study 3 (See Table 6.,6.1.) as explained in
Section 6.2.

*M.A., Education is a two year degree programme
after B.A, or B,Scj} M.Ed. is a one year degres programme
after B,A./B.Sc. plus B.Ed. M.A, Education and M.Ed, are
considered equal for all teaching and education purposes.
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According to this plan, group A was the
Experimental Group I to undergo in-depth training. Group
B was the Experimental Group II to undergo simple training,
Group C was the Control Group, who received only & genersl
lecture on Science Education with no discuséion about
children's misconceptions. Groups A and B were taught by
the researcher and Group C was taught by one of the
colleagues of the researcher,

-On the workshop day, Group A and B received a
common lecture I before the lunch breek (See Workshop
Programme in Table 6.6.2). During this lecture, discussion
was encouraged as in the workshop organised for the
earlier study (Stage 2). ‘

The participants of Group B and C had no further
sessions whilst, after the lunch bresk, Group A received a
further Lectgre II. This lecture ﬁas the sﬁme as that
delivered on the 3rd day of the earlier workshop. The
main aims and general features of Lectures I and II have
been described in Section 6.1, The topics covered in
these lectures is given in Table 6.6.3., For more details
about the workshop programme and the materials used during
the workshop, see Appendix G.

After the lectures, all the participants (Group
A, B, and C) were requested to teach concepts of Force,
Energy and Light to the students of 8th class in their
schools. As previously, a summary sheet of topic content
(See Appendix H) was given to the teachers in order to

ensure uniform and complete coverage of the three concepts,
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Table 6.6.1

|<___.__ One day workshop > '

l Selection| Grouping { Groups One day { Type
of of of teacher of

l Teachers | Teachers | Teachers {training | training

A A
7 In-depth
teachers — Training
B B
21 Vi Simple
< —
g Teachers teachers Training
2
)
0 c c
? General

l Teachers ‘ Lecture |




OVERALL PLAN OF STUDY 3

Schools | Teachers | Grouping | Teaching Testing Pooling Data ‘
go to of 3 concepts of the tests Analysis
their own| Schools for one children in groups
schools week using
Mc Tests
S 5
I > >L
/ 7 A2 > g \
23 3 > \ A Comparing
d > >l 335 A4:B
ac | . < ~{ Students
A5 > > |7 A:C
A6 > — and
= A7 > > ¢
):2] = > B B:c
B2 > .ﬁ\ .
7 B3 > SN[ 72
Ba > >
Schools| N 55 > > Students To
B6 > >V§ investigate
B? > >V ir
In~depth
a it - training can
_g|C2 > 4 Cc lend to
7 /7 c3 > > 252 effective
e has > > teaching
Schools | ~—_————>{CS > — Students
. c6 > »
AC? > >




Table: 6.,6.2.

1.

2.
3e

Se

6.

7

8.

8.304 .M

9.00 a.m,
10.30 a.m,
11.00 8.m.

) 12,30 p.m,

200 p.me

4,30 po.me

500 p.me.
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THE WORKSHOP PROGRAMME

Welcome to the participants
and formation of Groups A,

4th May 1984
9000 8.Me
o B,C.

10,30 a.m, Ist Bession

11.00 a.m, Tea Break

12,30 p.pe 2nd Session

3.00 pom, Lunch Break
and Friday
Prayer

4,30 peme 3rd Session

5000 'P.m. Tea dbresk

6.30 Pelle

4th Session

Common
Lecture (I)
for Group A,
& B, and
General
Laecturs for
Group C

- Bpecial

Lecture (II)
for Group A
only.



TABLE: 6.6.3

263

Lectures

Groups
Participated

Topics covered in Lectures

Lecture I

Experimental
Group I (A)
and
Experimental
Group II (B)

5

6.

7

8.
9.

Introduction to recent research
work in science education with
special emphasis on concept
understanding.

Introduction to techniques of
exploring children's under-
standing of basic concepts in
Science.

Introduction to the Interview-
About-Instances Approach.

Description of modification of
the Instances used in Pakistani
situation.,

Presentation of Students' results
for each concept (i.e. Force,
Energy, Light).

Methodology of Testing the
science teachers,

Description of the test
instrument used.,

Presentation of Results (Teachers)

Summary and discussion of ideas
presented.

Lecture II

Experimental
Group I (A)

Ausubel's Theory of Learning,

Outcomes of Interaction of
students' and Teachers' ideas.

A lesson that made misconceptions
worse--An example,

An exercise to Diagnose pupils!
misconceptions.

Further exercise to Diagnose
misconceptions,

Differences between children's
jdeas and Scientists' ideas.

Discussion and summary of ideas
presented during the one~day
workshope.

General
Lecture

Control
Group(C)

There was no mention of miscon-
ceptions research in this lecture.
It was a general lecture concern=-
ing problems of science education
in Pakistan.

80 S E I ARV A
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6.7. THE FOLLOW-UP PROGRAMME

In the final session of the workshop,
participants asreed'a schedule of dates for them to teach
the concépts ready for the student tests., As in Study 2,
the teachers were unaware of the details of the test
format.

Each teacher re-taught fhe concepts in his/her
own school by making special adjustments in the school
time-table. Every teacher was asked to teach the three
concepts to one group of students during a 6 day period,
spending as nearly as possible equal times on each concept.

6.8. TESTING OF STUDENTS

' ’Despite some problems and the scattered locations
of fhé’schools, every school was visited by an outside
examiner to carry out the student tests, ' ,

 Dest administratibn‘wasAcompietéd shoitly after
the agreed teaching“period‘in all but one sdhool. :The
teacher in that school was aeaignéd to other dufies;'
because he could not teach aécording to his‘sohedule he
wéé dropped from the Group B sample,

A specisl instruction sheet was also developed
for the guiéance of the examiners incharge of the tests,
(An Znglish version of the Urdu text is given in the
Appendix L). Based on field experience of the researcher
described in Section 6.4., an example of a multiple-choice

test item was also given in this sheet in order to
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illustrate the multiple=~choice test format, The same
example was used by all the examiners to illustrate the
format. Also, the same sequence was adopted to present
the tests. The test on Force was presented first, then
the test on Ene y and finally the test on Light was
administered, ' Students gave their answers to the three

tests on separate answer sheets,

6.9. RESULTS

The results of the paper-and-pencil tests in
Porce, Energy and Light were analyzed in two parts using
different statistical methods.

In Part I, for the purpose of comparison, in
order to locate difference between the groups, items in
each test were grouped with respect to the frameworks they
were constructed to measure, For example, in case 6! the
Test on Porce (See Table 6.9.1.1.) two groups of items
were drawn which were named as subset 1 (FS1) and subset 2
(F82); for Energy, the two subsets were 351 and ES2; and
similarly, for Light, there were three subsets, 181, LS2
and 183,

Next, mean scores were obtained of each school
on the total number of items on each test which were

called as TFS, TES, and TLS for Force, Energy and Light

respectively. Mean scores were also obtained for each
subset of items in each test, then, the comparison was

made between groups using the Scheffe Test.
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In Part II, the groups A, B and C were further
compared on the basis of the number of right (R) and
wrong (W) answers of students in each group to each jitem
of the 3 tests, A Chi-8quare test was used to test the
significance of the between-group differences in the right

(R) and wrong (W) scores.

6.9.1« PART I

In this pgrt. the mean scores of each school on
the total test, and on the subsets of items in each test
~ are presented in tables given in the Appendix M. The
groups were then compared using the Scheffe Test. The
results are ﬁresented in Table 6.9.1.2. This table shows
that there is no significant difference between the groups
in all the tests in each comparison except one. Groups
were found significantly different from each other in only
‘one subset of test items namely FS2., Group A performed
significantly better than the other two groups on this
test only. |
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TABLE: 6.9.1.1.

TABLE: SHOWING SETS OF ITEMS IN THE VARIOUS TESTS

; Test Subsets
Test on . Frameworks items | & code
i. Association between Force 1,2,4, Subset 1
and Motion.
67,10 | (rs1)
Force
ii. Force embedded in the 3 Subset 2
object
iii. No gravity on the Moon 5,9 (Fs2)
iv. Greater force acts on 8
a 1it torch
' Subset 1
i. Energy Conversion 1,4,5, (ES1)
9"
ii. Association between energy
end living things 243 _
iii. Kinds of Energy 6,8 Subset 2
Energy iv. Energy and State of’ 9 (ES2)
‘ Matter
v. Association between 10
shining and energy
i. Emission and Reflection 1,445 |Subset 1
of Light (zs1) -
ii. Distance light travels 2,%,6,8|Subset 2
Light 1 (1s2)
iii. Propagation of Light- 9 Subset 3%
Seeing (LS3)
iv. Propagation of Light= 10
Refraction
v. Dispersion of Light 7
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TABLE: 6.9.1.2.
COMPARISON OF GROUPS ON SCHEFFE TEST
Te st Variab’- A B C F Scheffe
les :
M sd | M sd M | sa | Valuel meg¢
TFS | 1.499[0.207 [1.086 | 0.384|1.125|0.499|2.400 | NS
Force
FS1 0.845|0,306 (0,668 | 0,370/ 0.703(0.369 [0,484 NS
FS2 | 0.796]0.355 [0.417 | 0.084]0.422[0.159 |5.788 | sig.’
TES 2.422(1.098 1.869 | 0.986|2.187[1.087 [0.438 | Ns
Brergy| ES1 | 1+126|0.436 0,968 | 0.436 1.116|0.467 [0.186 | NS
ES2 | 1.296[0.676 [0.881 | 0.558]1.071|0.646 [0.702 | Ns
s | 3.218]1.320 [1.815 | 1.004{2.684]1.498 |1.881 | Ns
1s1 1,019 |0.383 0.575 | 0.316{0.788[0.455 [2.070 | Ns
Light : ‘
182 1.43810.593 0,916 | 0.575/1.286/0.676 [1.195 | NS
1S3 | 0.760(0.417 0.325 | 0.248]0.608 |0.412 |2.224 | Ns

NS = Not significant at P = 0,05

*There was a significant difference betweeanroup A and
Groups B & C together at the 0.05 level of significance.
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6.9.2. PART II

In this part, the results of Force, Ene y and
Light are presented in different tables. These are
discussed here in the following sections separately for

each concept.

6.9.2.1. FORCE

_ The results of fhe groups (A, B, C) in the
concept of Force are given in summary Table 6.9.2.1.8.
fhis ‘Table presents thé percentages of right (R) and
wrong (W) responses of students in each group.

Using Chi-Square Test, the coﬁparieon of results
of groups A and B (See Table 6.9.2.1.a.) shows that there
was significant difference at 6.01 level between the groups
in case of four questions only (Questions S, 6, 9 and 10),
whilst there is no difference in results in case of
‘remaining six questiong, All the significant differences
favour the 'A' group.

The comparison of groups A and C (See Table’
6.9.2.,1.¢.,) shows that there is significant difference
between groups in four questions (Questions 5, 6 and 9 at
0.01 level and question 8 at 0.05 level), No significant
difference was found in other questions. All the
signiticant differences favour the 'A' group,

The comparison of results of groups B and C
(See Table 6.9.2.1.4.) shows that there is significant
difference in two questions (No. 1 and 9) only at 0.05 level.
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" One of the significant differences (Q.1) favours the 'B'
group of students, whilst the other (Q.9) favours the
'C' group.
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TABLE: 6.9.2.1.8. »
FORCE
quest= | = 355) o = 272) %§°gpagz)
~ % % %
1 R 11,94 15.80 9.52
W 88.05 84.19 90.47
R 8.65 6.98 5.15
: W 91434 93.01 94 84
R 8.35 10.29 10,51
’ \ 01.64 89.70 89.68
R 8.95 9.92 10,31
) \ 91.04 90,07 89,68
R 19.40 8.08 5.55
’ W 80.59 91.91 94 , 44
R 164,41 8.45 7.93
° W 83.58 91.54 92.06
| R 17.01 18,70 17,46
’ v 82.98 85.29 82,53
8 R 14,32 13.23 8.33
W | 85.67 86.76 9.66
9 R 26.56 8.82 15.07
W 73,43 9M.17 84,92
R 21.19 11.76 ' 16.66
10 »
v 78.80 88.23 83.33




TABLE: 6.9.2.1.b,

272

-FORCE
. >
Quest~ R/W Group 4 Group B ) ¥
ions N = 335 N = 272 (Slg. level)
R 40 43
1 1.88
W 295 229 (NS)
5 R 29 19 0.56
(NS)
W 306 253 B
; R 28 - 28 ?ﬁga
W 307 244 )
R 30 27
4 0.1
W 305 245 (NS
: R 65 22 15.47
(0.01)
W 270 250
5 R 55 23 8.50
' o (0.01)
W 280 249 :
’ R 57 " 40 0.58
, ; (NS)
W 278 2%2
o R 48 36 0.13
(NS)
W 287 236 e
R | o
9 89 24 31,17
(0.01)
W 246 248
R 71 32
10 .44
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. FORCE
Quest- R/W Group A Group C ¥
ions N = 335 N = 252 (Sig.level)
40 24
1 0.85
W 295 228 (NSs)
R 29 13
2 2.64
W 306 2139 (NS)
R 28 26
3 0.64
W 307 226 (NS)
R 30 26
N 0.28
W 305 226 (NS)
R 65 14
5 ‘ 23,66
R | 55 20
6 9.25
W 280 232 (0.01)
R 57 4y
? 0.01
W 278 208 - (NS)
R 48 21 R
8 4,97
W 287 231 (0.05)
R 89 28
9 11.18
W 246 214 (0.01)
R 71 42
W 264 210 (N8)
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TABLE: 6.9.2.1.d.
' FORCE
Quest= R/W Group B Group C ¥
ions | " N = 272 N = 252 (sig. Level)
R 43 24
1 4.61
W 229 228 (0.05)
R 19 13
2 0.74
W 253 239 (NS)
R 28 26 .
3 0.00
W 244 226 (NS)
R 27 26
4 0.02
W 245 226 (NS)
R 22 14
5 1.3
W 250 228 (NS)
R 23 20
6 0.04
o W 249 232 (NS)
R 40 4y - ‘
7 0.72
W 222 208 (NS)
5 36 21 3,00
W 236 231 ~(NS)
R 24 38 j
9 4,89
W 248 214 - (0.05)
| R 32 42 o
10 12.58
LR 240 210 - (Ns)

5 ek e
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6.9.2.2. ENERGY

, The summary of results of all the groups
(A, B, C) in the concept of Energy are presented in

Table 6.9.2.2.2., which gives the right and wrong responses i
to each question in percent,
The comparison of results of groups A and B

shows (See Table 6.9.2.2.b.) that there is significant

difference between the groups at 0,01 level in 6 questions
(No. 2,3,5,6, 9 and 16) and at 0.05 level in one question
(No. 7), whilst no significant difference in the group

i
i
§
i
3,
;AA
G

means was found in the remaining four questions. 8ix out

of seven significant differences (Qs. 2,3,5,6, 9 and 10)
favour the 'A' group of students, whilst the other(Q.?7)

TR AT

favours the 'B' group.

The comparison of results in Table 6.9.2.2,0.}
shows that there is significant difference between the
groups A and C in three questions (Question 2 at 0.01 level
and Questions 9 and 10 at 0.05 level) only. All the
signiricant differences favour the 'A' group.

But, in case of groups B and C, significant
difrerenée was found (See Table 6.9.2.2.4.) only in questions
6 and 7 at 0,01 and 0,05 levels respectively. No dirference
was found between these groups in the results of the other

eight questions, One of the significant differences (Q.7)

favours the 'B' group of students, whilst the other (Q.6)

‘favours the 'C' ETOUp.
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ENERGY
Quest- R/W (grorpags) (grsugé) C(;I‘go:ngE)
ions : % % %
1 R 34,62 27.20 32,53
W 65437 72.79 67.46
R 23,28 13.23 2.12
° W 76.74 86.76 90.87
R 36.11 25.36 32.53
’ W 63.88 74.63 67.46
R 32.83 26,10 33.33
* W 67.16 73.89 66.66
R 32,83 23,16 - 27.38
’ W 67.16 76.83 72.61
. R 36.11 25,36 35,31
W €3.88 74.63 64.68
R 9.25 15.07 9.12
7 W 90,74 84,92 90.87
R 16,71 - 17.64 18.25
8 v " a3.28 82,35 81,74
R 26.26. 14,33 . 18.65
’ W 73.73 85,66 81434
| R 21.19 8.08 13.49
10
W 78.80 919 86.50




277

TABLE: 6.9.2.2.b.
ENERGY
Group A Group B >b
gg::t- R/W N = 335 N = 272 (Sig. level)

R

, ‘ 116 74 5.2
W 219 198 (NS)
R 78 26

2 9.92

5 . R 121 69 8.07
W 214 20% (0.01)
R 110 1

. i 3,23
W 225 201 (NS)

; R 110 63 6.8
W 225 209 (0.01)
R 121 69

6 8.05
W 214 203 (0.01)

’ R 3 “ 4,83

| W 204 231 (0.05)

R 56 48 .

8 0.085
W 279 . 224 (Ns)
R 88 39

9 12.89
W 247 233 (0.01)
R 71 22 |

10 19,86

» W 264 250 ~(0.01)
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TABLE: 6.9.2.2.C»
ENERGY 4
Quest- R/W Group A Group C ¥
ions / N = };35 N = 12)52 (sig. level)
R 116 82 . :
W 219 170 (NS) ‘
R 8 2
2 ? ’ 20.21
, R 121 82 0.80
(NS)
W 214 170
R 110 84
W 225 168 (NS)
R 110 69
5 2.00
v 225 183 (NS)
R " 121 89
6 0.034
v 214 163 ()
R N : 2%
Vi v 0.004
W 304 229 (NS)
R | 56 46 .
8 0.22
v 279 206 (NS)
5 ‘ R 88 47 %563 )
W 247 205 ,"5
R 1 4
10 i 5 578,
v 264 218 o
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TABLE: 6,9.2.2.d.
ENERGY
Quest- R/W Groﬁp B Group C ‘)L
ions N = 272 N = 252 (sig. level)
R
, 24 82 1,75
W 198 170 (RS)
» R 26 i 1,15
v 236 229 (NS)
R 69 82 .
3 3.27
W 203 170 (NS)
R 71 84
4 .3.27
W 201 168 (Ns)
R 63 69
5 4022
v 209 183 (NS)
R 69 89
6 8.99
W 203 163 (0.01)
R 41 . 23
? 4.3
W 231 229 (0.05)
R 48 46 _
8 ‘ 0.025
v 224 206 (N8)
R 29 47 :
9 1.77
W 233 205 (¥8)
R 22 L1
10 : 3.79
v 250 218 (NS)

g S T e T
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6e¢9+.2+3s LIGHT

The results of groups A, B and C in the concept
of Light are presented in the summary Table 6.9.2.3.a.
Using the Chi-Square Test, the results of the groups A and
B show (see Table 6.9.2.3.b.) that there is significant
difference between these groups at 0,01 level in case of
8 questions and at 0.05 level in case of a further
question. There was only one question the results of
which show that there was no signiticant difference
between groups. All the significant differences favour
the 'A' group.

' The comparison of resultg of groupst and C
shows (Table 6.9.2.3.C.) that there is aigniticant
difference between groups in three questions (Questions 5
and 6 at 0,01 level and question 10 at 0,05 level) only,
No difference was found in tﬁe results 6: majority of the
questions. All the significant dirferences favour the
'A' group. , _

| The compariscn of the resuvlts of groups B and
C shows (See Table €.9.2.3.d.) that there is significant

difference in the results in six questions (Questions

2y 5o 7y and 9 at 0.01 level and question 1 and 6 at 0.05

level), Ro difference was found in the resultsvogkthé
remaining questions. All the significant differences

favour 'C' == the control group.

i Ao

A

R T SRS
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TABLE: 6.90203080 .
LIGHT
Group A Group B Group C
Quest=1  pw (N = 335) (N =272) | (N = 252)
' % % %
R 26.56 "12.13 19,84
1
W 73 .43 87.86 80.15
) R 32.83% 17.64 28.57
W 67.16 82.35 71.42
R 126,86 20,22 25.39
3
W 73.13 79.77 74 .60
R 1731 11.39 12.69
4
W 82.68 88.60 87.30
a R 59.40 30.14 42,06
5 ;
W 40,59 €9.85 57.93
6 R 60.59 39.33 48,80
W 39.40 60.66 51.19‘
R 27.46 12.13 24,20
7
W 72.5% 87.86 - 75479
R 179 9.92 15.07
8
W 82,08 90.07 84,92
R 19.70 . 4.77 13.49
9 .
w 80.89 95.22 - 864,50
R - 26,86 12.5 18,65
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LIGHT
Quest- R/W Group A Group B )L?
lons N = 335 N =272 (Sig.level)

R 89 33

1 19.46
W 246 2%9 (0.01)
R 110 48

2 17.97
W 225 224 (0.01)
R 90 55

2 3.62
w 245 217 (NS)
R 8

4 ° > 4,18
W 277 241 (0005)
R 199 82

> 45,54
W 136 190 - (0.01)
R . 203 107

6 27.14
W 122 165 (0.01)
R - 92 23

7 21.55
W 243 239 (0.01)

e a — = 7.79
W 275 245 (0.01)
R &4 1

° > _ 27.79
W -y 259 (0.01)
R 90 - 3y : =

10 19,03




283

TABLE: 6.9.2.3.(:.
LIGHT
ggxe):t- R/W Group A Group C ’}‘/V
N = 335 N = 252 (sig. level)
R 8
1 2 G 3,58
W 246 202 (NS
R 110 72
2 1.21
W 225 180 (N8)
R 90 64
3 0.188
W 245 188 (NS)
R 58 22
4 2.33
W 277 220 (NS)
R 1 106
5 %7 17.3
W 136 146 (0.01)
R 203 12
6 ? > (8.07)
' W 132 129 (0.01)
) R 92 61 0.68
‘s 243 191 (ns)
' 4 - 275 214 (NS)
9 R 64 34y .
W 271 218 (Ns)
.. 90 4 .
10 R 2 7 5,44
W 245 205 (0.05)

¥
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TABLE: 6.9.2.3.ds
LIGHT
Quest- R/W Group B Group C )b
ions. N = 272 N = 252 (Sig. level)

R 0

1 2> > 5.81
W 239 202 (0.05)

. R 48 72

2 8.83
W 224 180 (0.01)
R

3 °5 o 1.98
W 217 188 (NS)
R 1 32 '

4 0.19
W 241 220 (NS)
R 82 106

5 8.05
W 190 146 (0.01)
R 107 123

6 ; 4,74
W 165 129 (0.05)

' R 33 61 12.94
W 239 191 (6.0

5 R 27 %8 3.18
v 245 214 (NS)
R 1 4
v 259 218 (0.01)
R 34 47

10 3.77
W 238 205 (N8)
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6.10, SUMMARY AND DISCUSSION

The application of the Scheffe Test (Table

6.9.1.2.) on the mean scores in the tests of Force, Energy,

and Light shows that groups A, B and C are not significantly
diffefent‘rrom each other in each test, However, group A
was found significantly different from groups B and C
together in the Bubset FS52, .

The application of Chi-Square test on the results
of Force, Energy and Light brings some kind of mixed results.
The results of Force show that there is no difference in
groups in most (6 in case of groups A and Bj 6 in A and C
and 8 in B and C) of the questions, But, the results of
Energy ‘show that groups A and B were significantly different
in most (7 out of 10) of the questions, No difference was
found in groups A and C in most of the questions (7 in this
case), and also, the groups B aﬁd C were not significantly
different in case of 8 questions. In case of lLight, the
results have shown that there was significant difference in
groups A and B in 9 questions. No difference was found in
groups A and C in the majority of the questions (7 in this
case)., Again, groups B and C were significantly different
in 6 out of 10 questions.

A summary of Chi-Square Test results is presented
in Table 6.10.1. The table shows that the ratio of .
significant differences between groups A and B is 19:1.

The single difference in favour of B is at the 0.05 level;
one such difference will be found on average in every 20 . |
tests even with random results. Thus the finding of one
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TABLE: 6.10.1.
>

Summary Table of }L Test Results

Comparison Groups

Concept
Areas AV B AVC . BVC
Favours |Favours |Favours {(Favours Favours | Favours
A B ' C B C
0.05 ]0.01{0.05{0,0140.050.01}0.05 0.01/0.05/0.010.05| 0.01
Force
(Tadbles

609.2.10b
6.9.2.1.¢c | @ |4 |0 o |13 |0fo 1 foOf1 }oO

6.9.2.1.4)

19:1 10:1 S 2:8
A)B A)C o B=C(F,E)
- | ~ C)B

(Light only)
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such difference in 30 trials (10 tests for each concept)
is well within the grounds of chance and may be dismissed,
The summary table shows very clearly that at the individual

question level, students taught by teachers in Group A do

significantly better than students taught by Group B
teachers.

~ The game superiority (1011 ratio) is shown in the
sets of comparisonskbetween students taught by Group A and
Group C teachers,

The summary table shows a different result in
case of B to C comparisons. The table shows that on the
concepts Force and Energy, there is an equal small number
of significant differences in favour of each group. Again
we note that the number of these differences is no greater
than we might expect by chance alone in the 20 comparisons,
We conclude therefore, that on Force andigggggz, the
treatment given td'Group B teachers was no different in its
effect to the treatment given to Group C.

In light, the comparison favours pupils of Group
C teachers, The superiority of Group C teachers might have
oceurred due to some unknown reasons.

Having discussed befween—group differences at the
individual question level, we now return to the results of
the Scheffe Test, Why is it that this teat shows only one
between-group difference? Part of the answer undoubtedly
lies in the conservative nature of the test itself. This .
coufled with the smali.sample size (only seven classes in

each) makes it very difficult for a significant result to be
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found., Another factor is the low scores on the tests, as
we know tests lose their discriminating power when they are
either very easy or, as in this case, rather daifficult.
This is pnot an argument in favour of easier tests. The
tests have to remain "true™ to the concepts being tested.
Although the results would be more convinecing if the
Scheffe test results were different, they could not be
expected to be so in this experiment.

The results of Study 3 show that the over sll
performance of students in each group was very low. This
low performance might have been caused due to many factors.

"Firstly, the teachers might have not been able
to use the information from the workshops to teach the
students more effectively. In other words, it can be said,
that they might have been unable to transfer the ideas
properly to the students under the conditions of the
experiment, Many factors might have hindered their classroom
teaching, Also, the time devoted tokeach,concept'was very
short; only two periods, each of about 40 minutes, were
spent on each 6oncept. : :

Secondly, wheh the students were retaught, the
summer vacation was about to start.t.Theiefore, it was ,
possible that students did not teke this teaching activity
as seriously as they would have done at énother~timq.

Thirdly, the students were not used to’the‘A;
obJective test questions. 'Although every effort was made to
explain the test pattern, yet many ﬁight have diffiéulty in
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answering the questiona. As a result, they might have
ticked any of the responses without any understanding.
Fourthly, there was a possibility of non=- -

seriousness of students while taking the tests. Similar
problem has also been repérted by Watts (1983), when he .
tried to gather students' written responses to the
frameworks., Watts writes: "the responses received in this
way were cursory, often in the extreme. Few gave any other
response other than a 'yes' to.each of the queétions (some
simply ticked each one)." A similar pattern was noticed in
the preseﬁt study in the case of a fow students.

| Fifthly, the tests might have been difficult (as
said earlier) for this level of students, amd this is
clear from the low F and D values (see Appendix I) of the
test~-items selected for these tests, The difficulty might
have been caused by the content used in the test items, or
it may ve due to the entirely new'teat format,

' Sixthly, there was a possibility that the science
textbooks which were used by students might be containing
misconceptions. Although concepts were retaught by the
teachers with an aim to modify children's miaconceptions,
classroom teéchins might have been less effective eas compared
to the impact of textbooks on children's ideas. This is
because of the fact that they rely heavily on textbooks.

Although, the performance of students in each
group has been very low, the significant difference between
groups A and B and A and C in favour of 'A' group at the
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individual question level on Chi-Square Test (Table
6.10.1.)3 and the significant difference between groups A
and B and C together in Subset FS52 on Scheffe Test

(Table 6.9.1.2.) is very encouraging. If we consider groups
of items in Table 6.9.1.1., Subset FS2 consists of items
constructed to test the misconceptions: 1) the force is
embedded in the objects (one item), 2) there is no gravity
on the moon (2 items) and 3) greater force acts on the lit
torch (one item). The significant difference between groups
shows that the treatment (i.e. training) could cause
difference in berrormance only in one small set of items,
This result shows that it is comparatively easier to modity
this set of misconceptions as compared to other misconceptions
which seem té be more strongly linked to the cognitiv§
structures of students because of their common experience,
that is why it is so difficult to dissociate them from their

main structurese.

'Further. the performance of group C which was
found to be higher (although on Light only) than the group
B looks strange. This result might have been caused by
some "random events" (Peckham, Glass and Hopkins, 1969) both
internal and external to the groups.

" As described earlier in section 6.2. of this
chapter, only 21 teachers were involved in fhis study and
there were only 7 teachers (or schools) in each group.

The results are based on a very small sample as compared to

the usual recommended size, Garrett and Woodworth (1967)
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suggest 25§ Petrinovich and Hardyck (1972)  suggest 10

as the minimum sample size. The researcher feels that for
thié»type of study.vit was quite a reasonable samplej
because as described earlier, it was not possidble to
increase the size of the sample and handle a larger group
’of teachers and students,

!‘Moreover, educstionally speaking, we should not
feel so much ooncerned.with large sigea of the samples for
the validity or,therstatistical significance of the results.
Rather we should be interested in the improvement of
instruction towards the better unoerstanding of concepts of
science in each and every school i.,e. the educational
significance of the findings. The aim should be to obtain
educationally worthwhile improvements on each member
(teacher) of every sample. B s

Even if some technique or methodology is successful
only in one school. we should try to make use of it in other
schools, because sometimes it‘might not be possidle to get
support from the statistical results for . very good
techniques only because appropriate size of the aamplo could
~not be managed by the researcher, Here, in-thekpresont stﬁdy.
the better performance of the'experimento; group (A) as
compared to groups B and C does indicate the signirioanoe of

results educationally.
These eduoational_z significant resulta based on

the empirical study suggest that teacher training programme -
developed for the purpose of p:esent study has been -

successful, although to a limited extent. However, as

B
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pointed out earlier in this section, if the factors which
might have caused low performance are controlled, there is
a8 possibility to get better results,

Also, the participants of the workshop could not
see the demonstration of ideas discussed in the workshop.
As a result, teachers might have faced difficulty in the
application of these ideas, The researcher feels that if
the demonstration of ideas is also arranged as part of the
teacher training programme, ability of teachers to apply
the ideas in the classroom might be increased.

The problems related to the administration of
tests in specisl situations for the purpose of research
might be controlled by integrating these tests with the
normal school examinations. As far as the difficulty level
of these tests is concerned, it was restricted by the
criterion nature of these tests, therefore, as said earlier,
.easiar tests might have lost their significance,

The results of the present study proved a limited
success of the teacher training programme., These results
show that Study 2 was reliable, However, the study has
ghown that teacher training programmes can be organized for
science teachers with an aim to enable them to modify
children's misconceptions in science. On the baéis of these
results the researcher strongly feels the need of a more
systematic and organised research programme, using the
present study as a base, for the improvement of science

teacher education and science education in the country.
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CHAPTER VII

DISCUSSIOR AND IMPLICATIONS OF RESEARCH FINDINGS FOR SCIENCE
EDUCATIOR IN PAKISTAN

7+1. BUMMARY

The study involved investigation of Pakistani
children's misconceptions in selected concept areas in
Phyaica. The investigations were carried out using the
IAI approach on the concepts of Force, gggggz, Light, Work

and Electrie Current. The samples were the 8th class

students with an age range of 11 = 14 years. The results
of these inveatigations (Study 1) showed that Pakistani
children of this age hold misconceptions in the chosen
areas that are qualitatively and qgantitatively gimilar tb,
those held by children in other parts of the world. |

In order to determine whether or not science
teachers in Pakistan have misconceptions in science} three
groups of teachefs were tested usiﬁg a paper-andépencil
tesf. It was shown that a majority of the teachers hold
misconceptioné similar to those of their students,

Later on, a sample of teachera of 8th class
stpdenfs were given extra traiﬁing and asked to re-teach
three concepts: Force, Energy and Light to their students.
After the re-teaching, students were'retested:uaing both
the IAT approach and specially designed mﬁltiple-ohoice tests
(study 2). The IAI results‘ha#e shown that similar
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mieconceptions were retained by the students despite
re-teaching. Statistically. no significant difference was
found in the statements given by them during interviews
held before and after re-teaching the concepts Energy and
Light. However, some negative difference was found in the
statements given by aample of Study 2 studente in case of
the concept Force. The results of the paper-and-pencil
tests show that most of the questions were answered wrongly
by the madority of the students thus confirming the
continued existence of incorrect or only partially correct
concept patterns after the re-teaching, |

From this preliminary study, a teacher training
programme was developed to train a larger number of teachers
for re-teaching the 3 concepts (Study 3). This part of the
study was aimed at discovering whether an in-depth one day
teacher"training.on children's misconceptions can lead to
more effective teaching. Asipart of this experiment. over
800 students were tested using multiple choice paper-and-
pencil tests., The reeults of Scheffe Test showed that
there‘was no eignificant difference oetween‘the groupe in
each comparison except one. The group'Alwhich wae'siven'
in~depth training. was found aigniricantly different from
groups B and C together in one of the subeote of teet iteme
in the concept area Force. The reeults of chi-Sqnare Test
have shown that there was eignificant difterence between
groupa A and B and A and C in favour of 'A! group at the
individual question level. Also, a little training (Group B)

o AT S AL T AR NPT R AR,
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shows no improvement over no training (Group C). Indeed,
it seemed worse on Light. Although, it was limited
auccess; but the study has shown that it is possible to
organise teacher training on children's misconceptions in
science.

The present study is consistent with the
Ausubelian strategy that the most important single factor
influencing learning is what the learner already knows,
The study attempted to explore children's misconceptions,
trained the teachers to reteach chosen concepts when
children's misconceﬁtions are known., This study also
confirms Nussbaum's (1981) findings that without specific
training to deal with children's misconceptions, teachers
cannot apply their knowledge in the classroom, even when

they are experiencéd (in contrast to Nussbaum's pre-service

teachers) and motivated.

The present study suggests that i)'teachers.
require specific training to deal with children's
misconceptions; 1i) programmes of longer duration will be
required to impart this training, because as shown by Study
3, a.short'programme of teacher training does not prove to
be entirely successful in bringing about the desired changes;
and, i1i1) demonstration of the ideas should be incorporated
as an integral part of the teacher training programme; so-
that teachers can apply the ideas effectively after training,
Attention has also been drawn to this important point by
Northfield and Gunstone (1983) saying that 'making student

teachers aware of the existence of alternative frameworks
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in their own and their pupils' thinking is not a difficult
taskj but dealing with the implications for their later
teaching roles provides a further (and perhaps greater)
challenge. Keeuing this challenge in view, the researcher
strongly feels the need,of a better research programme for
the trainins of teachers. A project to devise, trial and
evaluate such a programme of teacher training is a matter

of some importance,

7.2. DIRECTIONS FOR SCIENCE EDUCATION IMPROVEMENT IN
PAKISTAN

The proper training of science teachers is
important because of the teachere role not only in direct
classroom teaching. but aleo in other educational |
activitiee such as curriculum development. text-book

writing. examinations. etc. There is not Just one problem
area but three which need attention if children 8

alternative views/mieconceptions are to be taken into

account. These are, 1) the science textbooka. 2) teacher's

own conceptione of the science concepts. and 3) the
methodologiee ueed in the classroom. |

Although, textbook writing is done one way or the
other by the teachere, only a few are involved in this dob.
The other two problem aress, however, are directly related
to each and every teacher and have a direct impact on
children 8 underetanding of new concepte. Only if ‘the
teachers are made aware of children s naive ideas and -

beliefs, and ir their own knowledge of the subject matter

L et sl A
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and teaching methods are improved, is there a possibility
of improvement in the teaching and learning of science in
Pakistan as elsewhere, ‘

This upgrading of teachers is not likely to be
an easy task. It will require planned, dirested and
organised effort supported at national level and sustained
over several years, Keeping this challenge in view, the
researcher strongly feels the urgent need’of a project with
the overall purpose of helping the teachers of science in
Pakistan.

7.2.1. AIMS OF THE PROJECT

w1thin‘the overall purpose of helping thé science
teachers, three broad aims for a Science Teacher Training
. Programme can be identifieds

1.  Improvement of teaohers' subject matter knowledge

2. Dissemination of knowledge about effective
alternﬁtive teaching methods,

3. Revision of curriculum materiala.

In order to achieve these broad aims, the 7
proposed project will need to follow a phased programme
emphasizing mainly on teacher training. Ourriculum materials
will be produced at each stage on the basis of the feedback
obtained from the teacher training programmes and classroom
teaching, After a period of use of the materials on &
sufficiently large scale, new or revised school fextbooks ‘

will be required.
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A project such as that described could be based
at the Science Education Centre, Institute of Education and
Research, University of the Punjab, Lahore. As described
earlier in Section 7.1. of this chapter, the present study
has shown that Pakistani children hold misconceptions
similar to those held by children in other parts of the
world., Therefore, for this project, a useful composition
of the project team will be a few consultants from overseas
and some local science educators, The presence of the
overseas consultants on the project team will be most
helpful for three main purposess

1) they will provide expertise to the project; 2)
they will bring the latest materials with them which is
useful for the project implementation and for the guidance
of the local staff; and 3) they will be a source of
motivation for the local science educators, and because of
this motivation they might initiate other useful activities

later on.

The presende of the local science educators on
the team will be necessary because these are the persons
wvho will be responsidble for further dissemination of the
materials and programmes.

An overview of the project programme with the

proposed aims might be phased as follows,
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7.2.2. AN OVERVIEW OF THE PROJECT

As stated earlier, the overall purpose of this
project will be to help the teachers of science in Pakistan,
In order to achieve its brosd aims, the proposed project
will follow a phased programme consisting of three stages
(see Table 7.2.2.).

In Stage 1, the project team consisting of local
science educators and foreign expertskwill be divided into
three groups - the Research group, & group to deal with
Teacher Training and a third group to produce materials,
The project team will, first or all, hold a seminar for
ldcal science educators for their orientation about the
project plan and the recent research work in the field of
children's misconceptions in science, ,

Afféx thét, a training workéhop will be held for
the science educators involviné science teachers as
participants.

. In Stage 2, the trained sciénce educators will
organise workshops for the training br science teachers,
Curriculum materials will be developed and revised on the
basis of the feedback obtained from these workshops.

The science teachers who have participated in
the workshops will go for classroom teachingy science
educators will observe the actiiities. Materials will be
revised in the light of the feedback obtained from the

classroom teaching,
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TABLS: 7.2.2.

Aim: To

STAGE 1

SCIENCZ SDUCATION PROGRAMME

organise & prograzse

for the training of
Science Zducators

1. A tuh of Sc
to run vorks

use IAI etc.
3. An Evaluatio

Research Training
Seainar Vorkshop
for for
Science Science
Zducators Teachers
Qutcomes:

ience Educators -
Bops.

2. A research tesan to further -

n group.




THZ_PROJECT PROGRAMCE

STAG 2 SRR SO I STAGS 3

WORKSHOPS POR THE SC.TEACHERS : 3 ] . ; DISSJINATIO‘!

Als: To organise iorkshops for the ‘ Aim: Tc disseminate the T .T.
training of Sc. Teachers and .prograome anl the Materials
developaent of curriculum to other centres
-ssterials . p

Teaching L
WORKSHOP >1 by Science Seminar = ‘Workshop
A Teachers for for
1 Science Science
Tenchlng ) VEducators : Educators
WORKSHOP by Science
3 Teachers
Teaching
UOR(!:SBOP by Science
Teacbhers
Cutcomes: Outcoames:
1. 7Trained Science Teachers . L ' 1. Trained science educators to
. ‘ trein the teachers further.
2. Basis for dcvelopins curriculus : 2. Tryout of the material
nuterhll. : - developed at Stege 2.
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In Stage 3, the project team will hold a seminar
and a workshop (like Stage 1) for local science educators
at a new centre, using the materials developed in Stage 2.
The local science educators will organise workshops for the

training of local science teachers,

7.2.3., THE PROJECT PROGRAMME

The project programme consisté of three stages:

These are described as'below:

STAGE 41 = SOIENCE EDUCATORS PROGRAMME

This programme will consist of two parts - a
Research Seminar and a Training Workshop for the science

educators.

THE RESEARCH SEMINAR

In the tirst instance, the project team will
organise a seminar for the local science educators involved
both in the pre-service and in-service teacher education.
Only those science educators will be involved who are
experienced and have adequate background of educational

psychology., The main aim of this seminar will be to make

the selected science educators aware of the recent advances

in science education and to identify local needs., This
seminar will also explain the nature as well as the

activities of the project,

et et e £TAACR o
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THE TRAINING WORKSHOP

The next step.in the programﬂe should be a
workshop organised by project team for the tralning of
Science Educators. They will not participate in the
workshop activities, but instead only observe the workshop
sessions just to see how the activities are organised.
Participants of the workshop will be the science teachers
from the local schools, The duration of this workshop
should be one week, This length is necessaryhbecause‘the
empirical evidence from the research studies described
earlier indicates that any short programme of teacher
training does not suffice. Study 2 showed that a short
teacher training programme, and thereafter shorter
reteaching programmes for the students even'under the most
favourable conditions does not improve their conceptions,
The one day programme (Study 3) showed some significant
difference between the three groups of studenfs. Bettef
student results of fully informed group of teachers do
indicate some positive effect of teacher training. These
£indings show that a longer teacher tréining programme is
needed to enable teachers to deal with the children's
ﬁisconceptions’more effectively.

The main aims of this one week workshop'will be to

make the science educators aware of the recent research work,

its implications for the teaching of science, ahd to enable

the teachers to deal with the children's ideas erfectively.
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During this one week workshop, the main teaching
strategy used by the project team will be based on
Lectures with practical demonstrations and participatory
‘diécﬁssion.» Within this overall strategy, the general
guidelines described in the previous section will also be
followed, ‘

ﬁainly, the lecture programmes of this workshop
will bé similar to the one used by the researcher and
‘ddscribed in Chapter VI, However, as it will be a more
extensive programme, more time will be available to the
participants to improve their subject matter knowledge and
the knowledge of the more effective teaching strategies for
improving the children's ideas,

Main themes to be discussed in the workshop are

given in Table 7.2 3, (See page 304)
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TABLE: 7.2.30

THE WORKSHOP THEMES

Sr.No. Themes

1, .Recent research concerning children's misconceptions-
general background and methods/techniques used
worldwide and in Pakistan to explore children's
idesas,

2. wWorldwide effort to improve children's ideas with
special reference to Personal Construction of
Knowledge Group, LISP, CLISP and other selected
research studies including Pakistan,

3 Review of research findings related to children's
ideas in various concept areas,

4, Review of research findings related to teachers'
ideas.

Se Ausubel's Theory of Learning as it related
'Meaningful' Learning and 'Rote'! Learning.

6. The Teaching and Learning of Science Concepts.

7. Interaction and outcomes of children's and teachers'

' ideas along with examples of lessons that worsen
children's misconceptions.

8. Diagnosis of children's misconceptions. -

9. Contrasting children's ideas and Scientists' ideas.

10. Inplications of recent research for future

science education in Pakistan.
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OUTCOMES OF THL STAGE 1 PROGRAMME

The outcomes of this programme will be i

i. a team of Science Educators trained to run

workshops for the science teachers,
ii. a researchvteam to further apply IAI and other
such techniques,

|
,
i
i
.
¥
;
!
!
!
2
1

iii. a_group“to evaluate the training workshops and

classroom teaching,

After the workshop, the science educators will

g0 back and organisge similar workshops for the science

teachers,

‘STAGE 2 - WORKSHOPS FOR THE SCIENCE TEACHERS g

In this stage, the trained science educators will
hold three workshops - A, B and C, ‘

The workshop A will be organiged on the similer
lines as it was done in the workshop organiﬁqd in Stagek1.
Science teachers from the local schools will particiﬁafo |
in this workshope Although it will be a teacher training
workshop, it will also provide a basis for the development
of curriculum materials. Thls workshop will be of one week
duration and will be observed by the experts from the ﬁrodect
team, The trained teachers will go to their schools for
classroom teaching and use the materials supplied to them,

The preparation of materials in this stage will involve:
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1) background materials, 2) diagnostic/survey materials,
3) Materials containing activities for the teachers/
trainees, 4) Materials containing activities for the
participants/students, 5) Evaluation materials.,

The background materials should include some
background reading concerning the recent advances in
sciehce education, research findings. research methodology.
etc., The diagnostic (as used by Nussbaum, 1981)/Survey
(as used by LISP Teams) materiasls will contain questions/
items to disgnose the preconceptions of the perticipants/
students whatever the case may be, Wherever possibdle,
materials will be adopted from the work of LISP, CLISP,
and other researchers. The purpose of these materials will
be to help the trainers/teachers to diagnose/survey the
misconceptions of the participants/students, or to use them
as pre-tests and post-tests (Schollum, et al,.ﬁ981) 80
that thoy could evaluate the success of their teaching
approach, The materials will contsin less IAI, more written
and more oral questions.

The materials containing activities (similar to
those used by LISP teams) for the teashers/trainers or
students/participants will be useful for them in their own
teaching and training programmes later on,

As the project will include formative (on-going)
evaluation, the evaluation materials will consist of
instruments such as tests, qQuestionnaires, observation

schedules or interviews. As argued by Gronlund (1981), the

e g a7 A
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formative evaluation is used to monitor learning progress
during instruction. 1Its purpose is to provide continudus
feedback to both pupil and teacher concerning learning
successes and failures. Feedback to pupils provides
reinforcement of successful learning and identifies the
specific learning errors that are in need of correction.
Feedback to the teacher provides information for modifying
instruction and for prescribing group and individual remedial
work. PFor the purpose here, the main aim of formative
evaluation is to provide feedback to the project team, so
that the teacher training programme and the materials
developed for this purpose could be revised.

Keeping in view the purpose of evaluation, the
instruments déveloped will be criterion-referenced, because
as argued by Gronlund (1981) again, the functions of formative
evaluation are likely to be best served by criterion-
referenced instruments., Here also the instruments used by
other researchers will be utilized wherever possible,

The trained teachers will go to their schools .
after the workshop for classroom teaching., They will use
the materials supplied fo them for the purpose, Classroom
teaching will be observed by the members of the project
team, , '

In the light of the feedback obtained from the
Workshop organised by the Science Educators and the
classroom feaching by trained Science Teachers,'the project
team wi}l revise the lecture plans and the materisls

produced.
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With the revised lecture plans and the materials
another Workshop (B) will be organised by the Science
Educators for another group of science teachers, After
the workshop, trained teachers will go for teaching in
their own schools. Both the workshop and the classroom
teaching will be observed by the project team. Again, the
materials and lecture plans will be revised on .the basis of
the feedback.

The revised materials and lecture plans will be
used in another workshop (C) to undergo another cycle of
revisidh. At the end of this stage, materials will be ready
for the Science Educators to hold Seience teaching workshops,

" and for Science teachers for classroom teaching, After a

use of these materials on a sufficiently large scale, the
existing textbooks will be revised using these materials, i

STAGE 3 -~ DISSEMINATION

; When the materials afe ready at the end of Stage
2, the progfamme of tegcher training and the materials
developed under the project will be disseminated to other
ceﬁtres. Like Stage 1, seminars will be held to introduce
the materials developed in Stage.2. Talks/discussions will
be held by the visiting Science Educators of the project |
team,

Then, a workshop will be organised for the

science educators similar to the one organised in Stage 4.

Those Science educators who participated in this programme
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will organise workshops for the'training of science teachers.
Similar programmes will be held at other centres.
The project team ﬁill follow upe After the materials have
been used sufficiently, the pfodect team will revise the
textbooks again, Afterwards, there will be a programme of
continuous follow up either by the government or the
project team, .
The programme described appears to offer a
practicable, cost-effective means of tackling the training

of science teachers.
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11.

12,

13,

APPENDIX A

WORKING PAPERS OF TIIE LEARNING IN SCIENCE

PROJECT

(1979 - 1982)

An initial framework *14. Peconsidering the framework 28. The framework: Toward 39. visit to a classroom No.2 51.’ Video: Animals
. Action Research ’ : S e
Focus on Experiments 15. Living . 40. Visit to a classroom No.3 - 52. Video: Electric current -
*29. Toward Solutions: The ' ‘ Lot
Focus on Knowledge 16. Force work of the Biology Action- 41. Visit to a classroom No.4 53. Video: Force
Research Grouwp
Focus on Topics 17. Energy 42, Portraying children's 54. Video: Actlvities ;
30. Animals, Plants and classroom experiences : )
Focus on the Teacher 18. Particles Living: Notes for Teachers ‘ /
43.  hildren's views and ,
Focus on the leamer 19. Friction 31, Teaching about Animal, classroom experiences NOTES
‘ Plant and Living, Part I/II ‘
Focus of Process Skills 20. Gravity {2 papers) 44. Working in classrooms {a) Popers of direct o
‘ relevance to practising .
Focus on the Syllabus 21. Weather 32, Toward Solutions: The Work -~ 45. 1Interviewing children " teachers, to.31,32,33,34,
of the physics Action- ) : 36-38,45,47-49,
Focus on Attitudes 22, Animals Research Group 46, Toward solutionss The
_ ' work of the Activities- (b) Paper 30 covers aspects -
Focus on the Classroom 23. Light 3). Force, Friction and Gravity: Action Research Group of Papers 15, 22 and 24.
Notes for Teachers . .
Focus on Written 24. Plants 47, Science Activities: Paper 33 covers aspects
Resources 34. Teaching about Force the Problem - of Papers 16, 19 and 20. .
25. Electric current , ' s :
Focus on Equipment 35. Towards Solutions: 48. Science Activities: Paper 36 covers aspects
26, Physical change The Work of the Chemistry specific problems, some of Papers 18 and 27.
Visit to a Classroon Action-Research Group . solutions ' ) :
27. Chemical change . Paper 38 covers aspects
36. Burning 49. Sclience Activities: Wider of Paper 26.
. issves, some considera-
: 37. Reactions tions
38. Heating and Cooling 50. Outlook on Science
Adopted from: Final Report of the Learning in Science Project, University of

Waikato, Hamilton, New Zealand, June, 1982.
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APPERDIX B

FORCE o e

1. Police A policeman moving a demonatrator.

m by s s, g et b

Is thers a force on the demonstrator? S doay o8 0 Jy o8 3tk s
T ,..;_,Z

2. Car I A man 18 trying to move the car but the car is not moving.
wart ©5m I G4 o ey SRS a0 age o8 Ll L

- S
Is there a force on the car? § o o S J-—f’“"‘)‘ oS x J‘_‘ Ls
3. gar 11 —

The man is trying to move the car and the car is now moving.

S Aol B 5l e by S0 S o e 8 LT

Bngine mot going.

Pra SNVt

—

Is there a force on the ’cu'?

T S e S L s

'
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4. Car III -The car 18 speeding up from the traffic lights.

b by 3b i ey S =S ol S v =5 ol L, (SN

3
O

Is there a force on the car? q &y S Jas g3 R g L s

————

5. Bicycle Xo iara.kea ro pedalling slowing down,

JUS r.f)i_:i) o5 JS,:Lé!JL.-:—-‘ J:l:g ”‘, S
- =)

)

' Is there a force on th\olﬁic‘y.clo?c. ;_.‘, S dowg g0, Jeele s
6. Cricket I’ B

| /.

K { K

Is thers a force on the cricket ban?‘qA’c, ;’_,,) 5 J_,Q; R Ry

R Y IO SEAL S :-.::.:;.4..,_«'

iy

et St K A

g Ny
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Cricket II
—_ Ball falling frealy.
‘o - P S N - RTL) e
N
~
N
N
\\
\\/ \\’/ \‘\
Is there a force on the cricket ball? Sodor i 8y a8 s
L SR S
Ball I
Ball rolling at a steady speed..» o, Ja3J sl S ol o
Is there a force on the ball?  J £ ¢ S o os (48 5 af s
Box

;kThu box is not moving,

-y S e e il

Is there a force on the bo;?
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ipg down glop® and speeding Vpe.

La, 3 g o 2 T wb?

Ball rll
10, Ball II R

11. Cushion

/
///// Cushion “
L
s
S duowg &5 x d-“ LS 15 there a forcs on the cushion?
=™ ‘ -

Vaight 1iftex‘,ho].ding’ bar steady:

LJJJuSL‘d)“J""U

12. Weight Lifter O,

PR el ¢

: ) : | R ’w u )
Is thern a force on thy bar? T S Joey ‘_,,,S‘J, e |

TR AT :
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13, Satellite

’ Man in a satellite going around the earth,
-t S 0 S s o Yl «r‘-'j/ |

Earth \

Is thers a force on the man in the satellite?

Ty S dr ol 88 o e e S

14, Moon Man starding on the moon.
- Bl o als u..:T
Is there a force on thy man? ¢ & oa) J Juwy b0 UH'T W

AR PR AT ST



245
ENERGY  =2l=bys

Person on st .
1. Person on stairs stairs

-C“L")L?xw#“ir'.fj

2. Car ~ Car moving along the road, -

¢—-. u—-ﬂ) ‘_—» x \—g.——- )i

3. Weightlifter

Bar rot moving,

-2 o S o b

Weightlifter holding a bar stationary over his head.

e, i et

- 5 et ol = s~ Jb S o 2 2

Rt

N ST e



4. Bird

246

Bird eating worm.

5. Rock on Table

Bock on table,

.
Bigwck.—c.)b‘.‘}f,(f)gv4|”t‘f”

§. Cendie

Burning candle. A S o=t py—




7. Bicycle Bicycle

Xo peda,lline
No Brakes
Slowving dovn

S 2 om S degl,
o oy e Jhoo!
P Jdlet U,
"k":"' o 0L Y
P sa el b5,

slowing dovn,

-y e b, f Jeel

3. Clock

“ind up clock,

S5 o hoels

% Car on Jack

Car on Jack,

v-c‘uu‘:')—ﬂ'c I J‘L—*"&u

[

[ o

.

—/

ar not moving,

- S o e U

e a2
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13. Television

Televiaion. o Sps—elt

14, Cow

Cow eating grass. ey SRV YR MUY S VN 4 Y
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y d._k-,)
1. A Candle

o

/AN

\ A candle u—
2. The Sun |
/
<
The Sun c),--
3. The Moon

The Moon, JEY s
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4. A Torch

-
% e
—

A Torch, | 4 st

~——— e iem

5. An Electric Heater

/\ /N

JECW SR St D An Rlectric Heater

8. Television

¢

N\

t0 Q

\ ,
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7. Bright Red Painting

8. Mirror

fele 2

A Nirror. page)

9. A Movie Screen

— o e ———
4¢ ‘-~
~—
,\

A dovie screen, =S rB

3 .
" .VS’.,.M.J.W.,MWN.A.‘L; b e o e .
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A Rainbow

10.

- O

A'Rainbow.

3 ,I,-,...p"

ts-




1. Weightlifter

The Bar is not moving.

-
R

e I 1

Is the weightlifter doing work? § sy, 8ol 20l 2y tes

————

Doctor studying medical report,

2. Doctor i ,
' - s, ,-8 PRI | N S (SR | T Jlqi]

Is the doct‘or doing \(ork? S o—n 2, ,_S‘.lf)_'.ﬂi H 4

3. M d gt !
Yan and girl ;' .0 and a young girl 14ft identical chairs
from the floor onto the tablo.
- b c‘) N e ; L‘*"

H_'_ ——————

Young Gir)

5

Are they each doing vork° Ir ao.‘vho is doing the mout vork? :
q(_—-‘*‘-—-’)}—‘“'ﬁuu}‘rc“‘—t‘)ﬂ whc‘u;r“w)-”)u
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The car is ot moving., . . b, 5 g2p D> L

4, Car I.

Is work being done? § s, s fl‘ K3

5. Car II, _
R The car ias increasing speed. _ & s M= Jb, S

Ta work being done? T s, 5o r“ L .

6. Car III. o ’
The car is moving at a ateady speed.

- ™ ;er‘c'gt:’) ol LY




fk,*i
i
7. Coal [
N
e
—

Is work being done as the cmal moves w? k‘p‘-‘ﬁﬁ; 2‘__’ ‘, sl &lss S

T s,

8. Steel Block

Steel Block SL Jdee

Flane et

Is work being dopn as the flame heats tha block?

Tl Lilsbles o 2,8 08 55 S alet wn

9. Steel Ball
Steel ball falling fresly.

:cn b, -8 atobT Jy Jee

Is work bdeing done as th'o ﬁall falls dovn'?-{“) » r“"‘s: é;ch" éthf bs
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10. Wooden Block on Ice.

Yooden block moving steady spsed. ol IY U 29 :
4 - L) Ses- b,
Ice

Is work béing done as the block alides along?

T, b bseliys =g o N FRUUARY

\ Block increasing speed = o~ (=% 2j— =) Wt Sy,

11. Wooden block

on ice slope

A smooth block of wood elides down a slippery fce slopo,
Ia work being dono as the block alides down?

B S S olles fo,, Blt s S Sod
| N Y A I T YR e

112, Wooden block on ' w°°d°'f block alowing down, -

. : ﬂ -
concrete path - > o L, po cpl Y U Ly

concrete path

Ia vork being done as the block slides along?

" l__:,_.n“.lf PR S KO dsnl J)’, N K {
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13. Trolley

Ts werk being done?

T ooyl s

- Trolley moving but slowing dovﬁ. JUS el o PO JRRCRNS u‘“f'
: R P 5 .

Person astanding on a steadily moving

14, Escalator .
. [ ¥.14 ator

I

Is work being dona?

T by sl s

15. Ball rolling d‘own slopé t Ball rolling down slope no elipping.

v doay - oo by Sede o F e JU
k_,_._n Lo,

Is work being dona?
A
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SN 1 O ELE e

16. Person on stairs

Person climbing stairs. S ¥

- ¢—b '_..b) .bj—-z- u‘—f-’j—f- U"’l

Is wvork being done? o by r“ Ls

17. Halley's Comet
/// "-".—-\
.._7/ Sun /
Ealley's
7 Comet t""//
// l)h—-v )‘J‘lJ /
/ ~
//
L -—’//

Is wrk done on Halley's comet by the sun's gravitational force?

Swinging pendulum bobd,

18. Pendulum Stx;ing

(€ )

Bob Is work being done on the pendulum bob by the force

of the string?
Jy3Le
T oo byompld Jple )i S (f oy IS
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19. Roller coasters

Frictionless roller
coasters

I =y e S 0=5

’ pmm——— 4
Is work done on the roller coasters by the forces from the rail?

T by o sl w3 (S i o0 WS

oall —y

ol—ob Motion of Yacht
=5 =l
- >
Yacht
20. Yacht
Wind

Is wrk done on the yacht by the force of the wind?

T oo lmy gm0y 55 plal ol 5 ba s
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ELECTRIC, CURRENT.

3 -
1. Battery I
=
// . VA Car Battery
g 7
2 Z

o I

Is there an electric current in the Battery? § & B o oo e

2. Battery II

Light Clowing

‘-.‘Jf Y

Ias there an electric current in the Battery? § D W P oo LS

3. Bare wires

Bare Wire b S
Larp to be connectad

e L o

The switch 1son - » ha LLo o

Is thers an elactric cur»rent‘in thg bare vima?" -

5 b i,u o u*‘ ""f"‘b u.!-.) L-f



362

Cas (Mo wires through tube)
E A
N Neon Lamp iyt

\/l\ll sy o o Syl S
Light =y - wer b SN JTJ o~

The lamp is on. D ) o
Ig there an electric current in the lazp?
T By gy P e ot S

k. Neon lamp

5. Lamp I
Yhen the evitch is turned on, how fast does the
. electric current move from the switch to the laump? :
WOy i Bl e G S eed Sl e
> - =l gy o
Whore does the electric currsnt, which goes into
the lamp, g to?
. ‘
q;‘&‘-*u‘-r‘-‘*«é&w‘!.w‘.’-'f»a;ﬂ ;
. Sun
Sun

Is thera an electric current from the sun to tha earth?
L VI SRR T o e~ p U
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7. Lightning

/N
N ;\ -
| , LHJ

Is thers an electric current in the l1ightning?

8. Person (%)
= —

A person is writing at a desk. Is there an electric current in the
writer's arms?

I L Il S I T e o

9. Compass

Is there an eleotric current in the compass needle?

§ o -5-47—°)g St ot i d—*Lkl s
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v . b
10. Liquid Electric current in wire e I R o e I

Z
-

Hetal rod

/o

e Slao

lear Liqu.id
t‘-L ol

Battery
There is a current in the wire. Is there an electric current in the 1iquid?

§ b ey ) o o B S o ey o UE
. EO_N_:_E Batterivs S
/ \ . Buld
o,
e \x A2

y ey

1 2 3 N
Light

Model of a Toreh

The torch is switched on and the lamp 18 glowing, Ias theraea an electric

curront through the batteries? Which battery has the most currant through
it (i1dentical battories-different batterius)

St o e ol eyl S WS a0l W o b Ll e gt

-c-un-wr’e-cﬁ-’.-*-ft‘ ) & o X P B0l o e e S S-S
(= oo wrlem

12. Fence

?3 %

The eluctric fence is turned on,

Is thers an electric current in
~ the fence wire?

o Wbo Loy UL 0 e
Vs ey e B SO

e FUUE NI
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13. Definition
How would you define an electric current?

- w)—f\-'-!g)-u: d—‘()"' Pl U’J Uslf

14, Lamp II In a metal an electric currant is a flow of electrons.

The switch is turnad on and elactrons atart to
flow into the lamp. Whers do the electrons com ;.
from? Where do the electrons go to? What causme '
the electrons to move? Hov many electrons enter = !
> the lamp each second? B

flay e (Sl o2l 5 wed b0 Uy e
T owed S e ol w0 St
0 S VOUE SRS AT RIS | RO O P XA
e ok @t S e B4 G e ST e

| - e Sy Jilo

15. Path of electron

—_ M

(a) (v)

(a)

(c)

What is the path of an electron like in a metalic conductor if an
electric curront is prosent? : :

T Ga Lsa=al, u‘)‘-r-r.é_u‘)—-{e” F b B ) Jx g o plao o5 8
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16. Model

This model of an electric current in a metal uses nails to
Tepresent atoms and steel marbles to represent electrons, The
marbles roll down the slope, stopping temporarily each time a nai}
is hit, FHow is this similar to, or different from, an electric
current in a metal?

=S all oS eyl Joof e Il O Bl o ) B e 2 lao
TSI B JE L I e e N g AR
S oom b =H 2= v Ft d*‘“"‘"“"’c"!““c"‘“c‘t"“
Cuplie ju i3S~ o P S v wlaoob iy o yes sl
IR & o I LIPS RV
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APPENDIX C

SYNOPSIS OF TEACHER TRAINING PROGRAMME IN STUDY 1

As described in Chapter IV, Section 4.4, three

equivalent gfoups of teachers were tested on Porce using
a paper-and-pencil test. Before testing them, the three
groups of teachers were given different levels of information,.
This information is described briefly as under:
Group I |

- It was a control group. No information about the
research, nor about the children's misconceptions was
given., During one-hour lecture, problems concerning the
teaching of science, problems of science teachers and
students, and how the teaching of science may be improved
in Pakistan were discussed. Before the questionnaire was
distributed, téachers were told fhat the purpose was not
to test them, but instead, it was Just to obtain their
opinions in response to the items in the questionnaire,
They were further told that the results will not affect the

R T )

teachers in any waye.

Group II
This group of teachers was told about recent

research work in Science Education particularly in the-
field of concept learning. In this regard, the work of
‘Personal Construction df Knowledge Group' in UK and
'Learning in Science Project' in New Zealand were dis;hssed

in detail. /éesearcher's owWwn research work was also
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explained., This was done by showing the Instance-cards
used in the study. After that,ZEeachers were told about
the patterns of children's misconceptions explored through
recent research. Specifically, they were told about
children's miéconceptions in the concept of lLight. These
results were discussed from the work of LISP and also
from the researcher's own work., 8imilarity in the results
was also explained. As for group I, the teachers of this
group were tested in Force using the same paper-and-pencil
instrument used for Group I.
Group III

This group was given the same details of
information about research as it was done to the group II
teachers, The teachers of this group were informed
(as for group II) about children's misconceptions in Light.
In addition to EEEE, this group was also informed about

children's misconceptions in Force. Results of LISP and

LY

that obtained by the researcher were also explained. After
—~— N : .

giving all this informstion, the teachers were tested in
Force using the same paper-and-pencil instrument used

for GroupsI & II.
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APPENDIX °'D'

QUESTIONNAIRE ON FORCE

We are trying to find out what people think of some idcas in physics.

.These cards are about FORCES.

It is not a test! We want your opinions .so it does‘'nt matter if you

have'nt done this work in class.

We don't want your names. No one will see your answers, or know who

wrote them.

Please try hard to answer all the questions as best as you can.

Thank you very much for your ideas.

 INSTRUCTIONS

—————

There are two different types of cards: description cards and question cards

In a description card a situvation is described but no question is asked.

Following a description card you will find one or more question cards

referring to the situation.

In order to answer the question you will have to choose amongst different

draQings. Tick the one you think is best in the box near the drawings.

In the bottom of each quustion card there is a blank space. Please, explain

the reasons for your choice in this space. 1f there is not enough space

continue on the back of the card.

Answer the cards, please, in the order they are placed
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DESCRIPTION CARD 1

-...@...'.-.9
-

A stone is thrown straight up in the air.

AIt leaves the person's hand, goes up through point A, gets as high as B

and then comes back down through A again,

The following three cards refer to this situation.

Q.1

‘The arrows in the pictures arc supposed to show the direction of the force

on the the stone.

¥hich piccuré do you think best shows the force on the stone on its way up

through A ?

ALy {‘,AQ

|
{
oA

Explanation:
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El Zh Now, which pictures do you thairnk Lest shows the force on the stone

when it rcaches the point B (Maximum height)?

2 136 © 8 8 3 c—
i l T
9 !
| i
| 1
t 1
' :

O oY O mi/ASVAn

Explanatidn:

Q.3

Now, which picture do you thinkkbest~sh9ws the force on the stone when

it is passing through the point A on its way down ?

Explanation:
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DESCRIPTION CARD 2

A cannon ball is fired from a cannon.

Points A, B and C are three different positions on the path of the ball,

The following ihree cards refer to this situation,

Q.4

The arrows i{n the pictures are supposed to show the direction of the force
on the cannon ball.

Which picture do you think best shows the force on the ball as it is passing
through point A ?

M f.n.u.

A A
A A/ f’ —— g TN
E"Z\ N o \ Vol \ F !

. v

Explanation:
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Q.5

Now, which pictures do you think best shows the force on the ball as it

is passing through point B (lts highest point)?

Ueiolﬁ

m M,—&—x—,—? Mz""\\ m " I"--,\ 7 ~7\

Explanation:

Q. ¢

Now, which picture do you think best showsthe force on the ball as it
is passing through point C? :

vw}.n(.q.‘

s ¢ ',————~.L - = < - ’ < — N c
¥ G o 2 P o AN o i N o S

¢

Explunatioﬁz
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DESCRIPTION CARD 3

LEFT | RIGHT

*This is a2 tug-of-war between two people,

The flag shows the hali-way line.

The following two cards refer to this situation.

Q.

The person on the left is winning.
which of the following drawings do you think best shows

what is happening? The size of the azréws are supposed

to show the size of the force that each person exerts on the other.

L

Explanation:.
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&_ g Now, the person on the right is winning.

which of the follbwing drawings do you think best shows what is happening ?

‘ff-—% ¢ =
D
[:J ',

Explanation ?

DESCRIPTION CARD 4

These two people are stopping the cars rolling down the hill."

doth cars are the same and havé the hAnd brake of f.

The following card refers to this situation.
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62 q. Here, the size of the arrows are sujpposced to show the size of the foices

exerted by the people on the cars.

Which drawing do you think best shows what 'is happening ?

Explanation:

DESCRIPTION CARD 5

%

Two equal objects are linked by a piece of string,

The string is placed lightly over a pulley.

The following card refers to this situation.
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él lo Here, it is one minute later.

Wh.ch picture Jo you think bust shows the position of the blocks now?

7 |
[] ] Da:;“

Explanation:

DESCRIPTION CARD 6

.

Here is an astronaut on the moon.

Be has gently let go of his spanner.

The next card refers to this situation,
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6{. “, The arrows are supposed to show the girection q!nipe force acLind on v}

spanner,

Which drawing do you think best shows the force on the spanner ?

bo forts w .
e
O O O .

Explanatibnz

U

DESCRIPTION CARD 7

7 , 7

Here are two torches. One is lit, the other switched off.

The following card refers to this situation.
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QIL.The size of the arrows are supjposed to show the size of the forces

on the torches.

which drawing do you think best shows the forces on the torches ?

\ _ \\‘I \\\;

Uoilla |l Mo

Explanation :
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APPENDIX E
TEACHER EDUCATION IN PAKISTAN

After the independence in 1947, the first serious
~effort to rationalise the system of education was made by
the National Commission on Education in 1959 which inter
alia conceded to the fact that no system of education is
better than the teachers Qho serve it, But, unfortunately,
the decisions of the Education Commission could not be
implemented for a long time due to social, political, and
economic problems in the country,

With the revision of the curricula at all levels
. at different times keeping in view the changing needs of
the spciety, the need to provide sound basic education and
‘adequate prdfessional training to teachers becomes all the
more apparent. For the purpose of teacher training in
order to prepare teachers to teach at different educational
levels various teacher training institutions have been
established. _7 |

Institutions preparing primary school teachers
are called Elementary Teachers Training Colleées; those
institutions which prepare teachers for secondary schools
are called Colleges or‘Education and those prgpafingk
teachers for post-graduate degrees l.e. M.A, Edﬁcation/
M.Ed./Ph.D. degrees are called Institutes of Eduéation.and
Research and are affiliated to the Universities in tﬁe |

country.




281

In service education is taken care of by the
Education Extension Centres and the National Institute of
Teacher Education at Provincial and Federal levels
respectively; Non-formal media are also being utilized to
train teachers through correspondence courses and radio/T.V.
programmes under the suspices of the Allama Igbal Open
University. In order to meet the growing demand of teachers
in the country, "Education" has been introduced as an
elective subject from Matriculation to graduation level.

The basic educational qualifications required
for various teacher training courses and other such details
are given in Appendix F.

The Institute of Education and Research,
University of the Punjab, Lahore which was established in
1960, offers the following post-graduate degree programmes
in the field of Edﬁcation: |

i. M.A;'Educétion (Elementéry) Two-yéar programme
S - after B.A./B.Sc.
ii, M.=. (Elemehtary) " ~ = One-year programme
| | | after B.A./B.Sc. and
B.Ed.

iii, M.A. E@tcation (Secohdéry) - Two-yesr programme
B after B,A./B.Sc.
iv, M.Ed., (Secondary) - One-year programme

1 after B,A./B.Sc. and
- B.Ed,
Ve Mastéfbdf Bﬁsihesé - Two-yéar programme

Education (M.B.E.) after B.A./B.Sc.




vi.

vii.

Viiio

ix.

Xe

in the

i.
- i4.
iii,
iv.

Ve

vi.’

Vii;
viii,
ix.

Xe
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M.A;'Industrial Arts
Education

M.Ed. Industrial Arts

Education

Master of Science

Education (M.S.Ed.)

M.Ed. Science -

Ph.D. in Education

Two=year programme
after B.A./B.Sc.
One=yesr programme
after B.A./B.Sc. and
one year diploma in
Industrial Arts
Education.

Two-year programme
after B.Sc./B.S.Ed
or B.Sc., and B.Ed.
Pne-year programme
after B.Sc.,B.Ed.
or B.S.Ed.

This Institute offers the following specializations

Elementary and Secondary Education degree programmess

Language Education

Mathematies Education
Social Studies Education
Educational Psychology
Educational Guidance

Educational Administration

Curriculum
Teacher Education
Islamic Education

Science Education
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All the other post-graduate institutions in
the country offer one-year degree programme which is called
Master of Rducation (M.Ed.) degree in general education.
The National}Institution of Education, Islamabad
was establishéd in 1974 to train key.education personnel
in methods and techniques of teaching and to provide

orientation in new curricula and its‘implementation

programme, Summer courses are also conducted there (and

also at other institutions) in Science, Mathematics,
English, and otherisubdects with the assigtance of the
British Councii; UNESCO, USAID and other international

egencles,
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APPENDIX F

.

STRUCTURE OF TEACHER EDUCATION N PAKSTAN

ENTRY REQUREMENTS

atond
Ounifcations |Experence

General Teacher Educaton Stréam,
Tecnicd Teacher Educotion Stream
Physca Yeacher Edxation Strmam,

Agriculure Teacher Educotion Stream

becocnvonnt XTI REE R I L R L L R R YL T

besevwerocdreoceas ouge s o resccowdsrsvcocnese e e conRceoe e

oo ssesproveveeme e S S PP e RN RPN E P E e ®o e -

MEAMAEDU] § Yeors }'454.' ’ MA{Edu) ) . MSe/AQEd)

bevsvsms b owewcs 4

B.E¢ 3 Years

e o s ) ok s G e > - e -

$r.0PE BSCAGEY

. S

B pa
BA.[BS¢. NL
bies s o s anpe W W P -l
Diploma
Poitechne
Inglitute
NiL

ST IS T TR

FA |FS¢.
12th Grede .8

be w ov an 00 @ b W o= -

Clnd.Arts,

X.OPE
s v 40 45 40 WD WP W WD O W @ o pw-.---—---.---d
Motricudation =

J00tn Grode )| ML

e

Taken from: Pakistan Ministry of Education,
Teacher Education in Pakistan,
Government of Pakistan, Curriculum
Wing, Islamabad, 1977.
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APPENDIX G
WORKSHOP PROGRAMME AND DESCRIPTION OF MATERIALS USED

As described in Section 5.1. Chapter V, a
workshop was planned for the training of teachers. The
workshop was aimed at enabling the teachers to remove
misconceptions of students in the concepts of Force,
Energy, and Light. It was held on three consecutive days
from 9.00 a.m. to 11,00 a.m. each day. The three day
programme of the workshop isroutlinedibelow along with the

description of the materials used:

1. FIRST DAY

On the first day of the workshop, the following
topics were discussed: |
i. Introduction to recent research work in science
education with special emphasis on concept
understan nge . ]

The trainee-teachers were tol%(}he world-wide //

research efforts of researchers in the field of concept
understanding. In particular, the work of the Personal
Construction of Knowledge Group and the Learning in Science
Project were discussed as described in Chaptér ITI
Section 38. S . ' ‘ o
ii, ;ngroduction to _techniques of eggloring children's
understanding o agic_concepts in sclence

Under this topie, techniqués'used‘by various

researchers to explore children's understanding of certain
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concepts were explained. The discussion was limited to /\4
the Section 3.4 of Chapter III.

113, Introduction to the Interview=About-Instances
Approach

This topic was discussed in the similar detail
as described in Chapter III Sections3.6. and 3.7.£Fationale // o
to select this technique was also explained. -

iv. Description of modification of the Instances
used in Pakistani Situation

The trainee=teachers were told about the changes
made in/few of the instances. These changes have been
described in Chapter IV, Section 4.1. Z?ationale for the
modification of selected instances was also explained,

ve  Presentation of Students' Results for each
concepte. «®, force, rknergy, ght

All the instances used in the ihvestigation were

shown to the teachers one by one. Students' responses

were told accordiné to the instances., Similarity in the
viewsfheld by Pakistani sfudents and that of other countries
was also explained. Moreover§ common patterns of students'
misconceptions as described in Chapter III Section 3.10,
were explained. |

vi. Discussion to clarify and to sum up the ideas

The discussion was aimed at clarifying any of
the problems or questions raised by the trainees. Although,
the trainee~teachers were free to ask any question at any
time during the three day workshop; this opbortunity was
provided‘té the teachers specialiy for the éxchange‘or views
at the end of one-day programme. Finally, the ideas
discussed during the first day were summed up by the
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desearcher.

2. SECOND DAY

The following topics were covered on the second

day of the workshop:
i. Summa of 1deas discussed on the
. F¥irst an of the workshop

At the beginning of the second day programme,

the ideas discussed on the first day were reviewed briefly,
end the programme of the second day was explained,

ii. Methodology for testing the smcience teachers

The trainees were told that after testing the
studénts, teachers of these students were tested using &
paper-andépenci; test. The over all methodology of testing
the teachers as .described in Chapter 1V, Section 4.4 was
explained., ' |

‘14i. Description of the test instrument used

The nature and main features of the test were
explained to the trainees. Reasons to select this test
instrumentlwére also explained as in the same manner as
described in Section 4.4,2 of Chapter IV. To make the
teachers fully aware of the test, photocopies of the test

.. were also provided,

iv. Presentstion of Results

v After the description of the teqt.\:esuits were
presented. This presentation was made by taking the test

items one by one. These results were also compared with
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those of the students', Similarity of results was also
explained, |

Ve Discussion to °13ri§§ and to sum up the
eas presented on e secon 8Y .

As on the first dasy, the trainees discussed

important points and ideas they wished to clarify. Finsally,
a summary of ideas discussed on the second day was

presented.,

3.. THIRD DAY

The programme of the third day of the workshop

included the following topics:
i. Ausubel's Theory of Learning

‘ Salient points of the Assimilation theory were
discussed as described in Chapter II, Section 2.3.3.
Particularly, the process of learning, 'rote' learning and
'meaningful' - learning as viewed by Ausubel were discussed
with due emphasis.’

ii. Outcomes of Interaction of Students'-
and Teachers_ ideas

Under this topic, trainees wefe fold that when
the students' and teachers' ideas interact; this interaction
results in various patterns of ocutcome at seen from the
teacher's point of view, These ideas were adopted from
Gilvert at al (1982), and a synopsis of these ideas is
given in Appendix G-I. A handout containing these ideas

was also provided to the trainees,
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431, A lesson that made misconceptions
worse = An example

In order to explain the interaction Qf students'
and teachers' ideas further, an example of a lesson was
presented which was adopted from Jeames (1983). A synopsis
of this lesson is given in Appendix G-2.

iv. An _exerecise to Dia;nose
pupils misconceptions

Then, in order to enable the trainees to
disgnose their pupils' misconceptions, they were given an .
exercise to practice the diagnosis of misconceptions. This
exercise was adopted from Nussbaum (1980, 1981) and is
given in Appendix G-3,.

Ve Further exercise to diarnose misconceptions

For a further exercise to disgnose misconceptions,
'trainees vere provided with worksheets. This was done to
enable the teachers to assess their own understanding, and
through this practice, to enable them to assess their
pupils' understanding of basic concepts of séience.
Worksheets were addpted from Schollum et al (1981) and
Osborne (1981) and are given in Appendices G-4 and G-5,

vi. Differences between children’s
deas and scientists’ idesas

In order to enable the trainees to contrast
between the children's ideas and those of the scientists'
ideas, and what needs to be changed to bring children's
ideas close to the scientists' ideas, a study was adopted
from Osborne et al (1981). A copy of the worksheet used
is given in Appendix G-6.
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vii. Discussion and Summary of ideas presented
during the three_ day workshop

As before, the trainees were invited to ask

Questions related to the ideas discussed during the three
day workshop. Finally, before closing the workshop, a
summary of ideas was presented. Before dispersing, a
programme of re-teaching.and re~testing the concepts of

Force, Energy, and Light was finalized with the teachers.

This programme was prepared according to the convenience

of the teachers.
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APPENDIX G-I
OUTCOMES OF INTERACTION OF STUDENTS' AND TEACHERS' IDEAS

On the basis of the data collected by the IAI
method from students who have been taught science, Gilbert
et al (1982) suggest that there are at least five patterns
of outcomes, as seen from the teacher's point of view,

when students' ideas interact with teacher's ideas:

1. Undisturbed Children's Science Outcome

Some students have viewpoints which appear to
be quite uninfluenced by formal teaching. However,
although the viewpoinf is essentially unaltered, often
some language of science is now used to describe the
viewpoint. The interaction that has occurred is presented

in the figure below:

Teaching

Learning

Learner Teacher Learner
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L e

2. Two Perspective Outcome

It is possible for the student basically to
reject the teacher's scientific view of the world dbut to
consider it as something that must be learnt, e.g. for
assessment purposes., The student, therefore, has two views
but the learned science viewpoint is not one that is used
outside the formal learﬁing situation. The interaction

that has occurred is presented in the figure below:

Teaching

WV

Leerning

Learner Teacher ' Learner

3. Reinforced Outcome

The dominance of the students' prior understandings
and meanings fdr words can, as suggested eg:lier, often
lead to‘quite unintended iﬁterpretatioﬁs ofbwhat is being
téught. As one example of this. éuantitieé defined in .
science in a particular way can be misinterpreted to mean

something quite different,
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The student's own viewpoint is maintained
following teaching but scientific concepts are put forward
to explain or underpin a particular viewpoint. Many young
children who have not been taught formal physics consider
that there is a force in the direction of motion. The

interaction that occurs is presented in the figure below:

+ ; Teaching \
Learning 4

Learner Teacher : Learner

4, Mixed Outcome

' In many cases scientific ideas are learnt,
-understood and appreciated by learners. However, these

ideas are interrelated in many different ways and at any

S AR E LT

one time only a certain amount can be learnt. Frequently,
this results in students holding.ideas that are not
integrated and may be self-contradictory. In this outcome
the learners' views are a mixture or amalgam of children's

science views and teacher's views.,
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The interaction that has occurred is presented

in the figure below:

Teaching
Learning

v

a r
Learner Teache Learner

5. Unified Scientific Outcome

An aim of science education is that a learner
should obtain a coherent scientific perspective which he
understands, appreciates and can relate to the environment
in which hé lives and works. Students can.be found who

have this view in relation to specific words and view

points. Sometimes, the learned ?iewpoint is in fact more
closely aligned to scientists' science than to the

teachers!' views of the science,
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.The interaction that has occurred is presented in the

figure below:

Teaching
Learning

N%

Learner Teacher Learner

If such interactions produce the outcomes illustrated,

then teachers seem called upon to anticipate thenm,
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APPENDIX G - 2
A LESSON THAT MADE MISCONCEPTIONS WORSE

Teacher's Objective

To .help the students appreciate the concept
of "adaptation" by allowing them to see a practical example
of how it was bensficial to an animal to be adapted to
its environment,
Experiment Selected
Titlet Why do some animals have very large ears?
Investigation: Which bag of hot water loses

heat more rapidly?
Equipment Used: Two plastic bags, thermometer,
7 dugo

Procedure as directed to children

1. . Add an equal volume of very hot water to
;agg bag so that each is about one eighth
u . ) .

26 Tie one bag so that the water is in an
almost spherical container,

3, Lie the other bag on the bench so that
the water spreads over as great an area
as possible, .

4, At the end of ten minutes, measure the
temperature of the water in each bag.

Questions Raised by the Teacher

1.  Which bag of water cooled down more quickly?
2. Why did this happen?

2 How does having big ears help an animal
survive in very hot areas?

4, In what other ways do animals behave in
order to keep cool?
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Due to circumstances at the time the experiment
was copied from a blackboard by each student and instructions
were given for the investigation to be carried out at home.-
A week later, practical feports were collected, after which
a class discussion ﬁas held. Testing of the concept of
adaptation occurred at the end of term, some 1% months
later.

The teacher used this analogy with the following
reasons in minds

1. The teacher felt that the model would be a
mechanism by which students "school knowledge"
of the concept of adsptation would become
part of their "action knowledge." "School
knowledge" is defined as that knowledge which
some one else presents to us and is partly
grasped, but does not become part of our

“working knowledge, whereas "action knowledge"
is that knowledge which one can call one's
own in that it can be drawn upon to help cope
with some of the needs of everyday living.

To achieve this transformation, it was hoped
that students would be led to meke connections
between what they already know, what they
were learning at the time and the more
abstract idea of adaptation, i.e. from the

- known to the unknown. -

2e The teacher felt that the experiment would
o interest his students enough for them to
want to do the experiment. It certainly had
an impact on them when they reesd the title
question on the blackboard. Very few of the
- students did not attempt the experiment.

The answers to the worksheet questions by the

children can be seen in tables 1 and 2 below:
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Table 1: Students' answers to the question., "Why did
the flat bag of hot water cool down more
quickly than the rounded bag of hot water.

Answer N = 28 Number Percentage

1. More surface ares =- 20 71.2
more space to
cool down.

2. Other responses _ 8 ' 28.8

Table 23 Student's answers to the question: "How does
having big ears help an animal to survive in
very hot areas?”

Answer N =28 Numbef Percentage
1. Cool down more quickiy. 7 25.0 .
2. Hear better for pray, and 2 7.1
- ¢cool down quicker. _ V

Ze Cool down and act as a fan. 3 10.6
4, ' Cooler because heat is ; 2. e 71

spread more evenly around

them,
S« Flat bag corresponds to 2 : 71

large ears corresponds to
cooling quicker,

6. - Other Responses : : 9 22,4
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While planning the lesson the teacher hoped

that the students would go through the following processes

of thought:

Step 11
Step 2:

8tep 3:

Step 43

Complete the experiment, "Why Do Some
Animals Have Large Ears?"

Find that the flatter bag cooled

‘quicker than the spherical bag.

Reason that this occurred because the
flatter bag had more of its surface
area exposed to the surroundings than
the spherical bag and so the rate of
¢cooling was faster

(greater surface area to volume ratio),.

Extend this through to animals with
large ears--can be one way for animals
to lose heat,

The biggest Jump which the students had to make

was from step 3 to step 4, When the equipment for the

experiment was listed, many students asked, "what have

. plastic bags got to do with large ears?" "Wait and see,"

the teacher told them. The analogy between the flat bags

and large flat ears was not clear to some students. Much

of the problem stemmed from the fact that step 1 did not

correspond to his students' setp 1 i.e. the students'

preconceptions affected the way they looked at the question.

Looking at their answers to the question, "How

does having big ears help an animal te survive in very

hot areas? 11 out of 28 students replied that:

1e
2e
3.
4,

the esrs were needed for shade,
to hear prey better,
to be used as a fan to cool down,

to swat flies,




or a combination of these answers, These responses were
associated with students' previous experience and iearning,
and were firmly entrenched, probably, in their "action
knowledge",

When the teacher asked one of his students why
she thought that large ears were used as a fan. "In all
those Tarzan movies," she replied, "the elephants are
always flapping their ears. That keeps them cool since
it's s0 hot in Africa -- the ears are Just like fans,"

This seemed 1ogical to her,

At that moment, the teacher realized that not
only were students' pre-conceptions important to consider,
but also 8 teacher's own pre-conceptions should be taken
into account,

After looking at this investigation we should
stop and think about what we are teaching and our own
misconceﬁtions as well as our students'., It is often
too easy to say a student is not a good learner, but often
a teacher is Just as imperfect. One must also look closely
at the teaching strategies one employs to help students
learn -~ we can see that they may confuse students rather
than clarify things, even though a teacher feels that it
is a greét way of getting across a scientific concept.
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AN EXERCISE TO DIAGNOSE PUPILS' MISCONCEPTIONS

(These pages are a full version of Nussbaum's
exercise, shown on Page 193)

Question
In a certain experiment a flask full of air had

a deflated ballon attached to a side pipe coming out of
the flask, As the flask was heated by a flame the balloon
inflated. '

Explain this phenoménon using the particle theory.

Adminiatration

1. Read, the following answer given by a pupil:

"Phese is air in the bottle which fills it and
also fills some of the balloon which is not blown
up. If someone places the bottle with the
molecules of the air above the flame then it
becomes hot in the bottle and the air expends.
The molecules move from the bottle to the balloon
and this mskes the balloon blow up."

2. Write a short evaluation of this answer end
insert an appropriate numerical grade (out of
10 points) in the box. '
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Read and evaluate the following answer by a pupil.

"There is air in the bottle which f£ills it and
also fills some of the balloon which is not blown
upe Scientists discovered that the air which is
in the bottle contains very small particles which
are very great in number. These small particles,
which they also found to be like tiny balls, can
move and reach every place in the air of the
bottle., 8Scientists called these particles
molecules, If some one places the bottle with

e molecules of the air above the flame, then
it becomes hot in the bottle and the air expands
and blows up the bdalloon., This happens because
of the law which says that things expand when the
are heated and also because when i% bPecomes hot
In the bottle then the very tiny molecules tend
to go away from the hot place and so they move
from the bottle to the balloon and this makes it
blown up. If some one would like to see what
would happen if the bottle were cooled down, he
would find that the balloon would shrink again
because of the law which says that things shrink
when they are cooled, But with water it does not
happen so since when water is cooled below 4°C
then, emazingly enough, it would expand. This is
what they call the anomsaly of water.,”

Do the following steps further:

4,

Se

6.

Read answer B again and identify various
misconceptions which you think exist in the pupil's
mind. Explain briefly the nature of each mistake

What is in your opinion the poesible source for
these conceptual mistakes? ,

Suppose the answers which indicate these types

of misconceptions had been received from only

S pupils out of the 30 pupils you have in your
class/ TFollowing is a list of possible ways in
which you could react as a teacher., Discuss with
your peers the advantages and disadvantages of

eacht

a. taking off a few points from the pupils'
scores.

be requiring the pupils to re-read the relevant
chapter in the book.

c. requiring the pupils to look at the right
answer in a classmate's test,
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f.

ge

h,
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talking to the pupils and explaining the
correct answer,

talking to the pupils and asking them additional
questions.

devoting 20 minutes of the next session to
discuss the test and its difficulties.

P
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APTENDIX G-4

WORK SHEET 1

Instances

Yes/
No

Why you think that way

Are there any forces on the
cricket ball?

2. CRICKET BALL FALLING FREELY

\ '...'
— e’ S ” " S,

Are there any forces on the
ball?
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Instances

Yes/
No

Why you think that way

Are there any forces on the
bicycle?

4, THE BOX IS NOT MOVING

Are there any forces on the
box? .
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APPENDIX G-5

WORK SHEET II

THE BULB 15 GLOWING

in the dulb?

BATTERY
'WIRE A WIRE B
Q

) :
Question : Yes/! Why do you think that?

: : : No ;

. e !

1. Is there an electric current X

|

]

]
]
]
]
)
]
]
2. Is there an electric current |
in wire A? - :
. , & . !
3. 1s there an electric current ., :
in wire B? ! |
X |
. ! :
4. 1Is the current in wire B : |
less than the current in ' !
wire A? . : :
:
5. Does the electric current ;

in wire B 80, from the bulb
to the battery?

- - ew - -

.
i o
N
i
)
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APPENDIX G-6

A CONTRAST BETVE?N CHILDREN'S IDEAS AND SCIENTISTS' IDZIAS

FORCE

Children's Science

—_—>

Needs chanéins in terms

of the Scientists' -

weaning of force,

Scientist's Science

Force is making some
one do something
against their will.

Force is not making some
ones do something,

Force is a push or
pull. :

Force is a thing in
a moving bYody (e.g.
8 moving cricket ball)

- Porce is not a thing in

a bodyt it acts on a
body. -

A moving body has
rmomentum., The faster
It moves the greater
the momentunm,

There must be a force
on, or in, & body
moving at a stead

speed, .

If a body is moving at
& steady speed thers is
Do totsl force aeting
on it,

~The total force on a

body, moving st steady
speed, is gzero,

Porce is a thing put
into s body causing
it to move,

If a force is acting on -

& body, then something

..is pushing or pulling ‘

on the dody,

Porce on one dody
means there is an
opposite force on
another body. :

Force is a change
of position,

Porce is only indirectly
a change of position,

Porce is a change of
momentum (or speed
or velocity).

Force is th§ same
as momentum,

Force is not equal
to momentum,

Porce is the rate
ol change‘of momantum,
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APPENDIX H

A SUMMARY SHEET OF CONCEPTS OF FORCE, ENERGY, AND LIGHT

FORCE ‘ \ §Qf“ﬁ7
1. Materisl obdects can be moved, §i i;ﬁ
2. A force is necessary to make things move and make

the moving things stope.
e Force is push or pull,

4, It takes greater force to move heavy objects than
light ones.

Se Force of running water and moving air can move
objects.
6. Force of ‘human muscles, animal musoles. engines

can be used to make things move.
7. Force of gravity pulls the objects towards earth,
8. Force of friction stops motion.

9. AB obdect at rest tends to stay at rest and an
object in motion tends to stay in motion unless
some outside force is applied.,

104 Hasnetic force helps to move certain things,

11. During the interaction of two material obdects
the sction and reaction forces are equal and
opposite. ,

12, The reaction of forces help to move certain things
much as aseroplane, Jets, rockets,

ENERGY

1. Changes are due to energy - Energy io'the.ability
to do work. « . _

2. There sare dirrerent forms of energy--hechanical,
heat, 1ight. electrical and atomic energy.

de Heat energy produces some changes--chanae of
temperature, change of state, change of volume.




10.

into other forms of energy.

" source, they are formed because light travels in a

" Light bounces off when it strikes objects--called

‘striking them to pass through. Translucent materisls
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Heat energy is produced in burning.

Kinetic energy is the energy possessed by a
body because of 1ts motion.

Potential energy is the energy possessed by it
a body because of its position, Y

Heat is the energy due to molecular motion.

Energy is involved in chemical changes, which
may be exothermic or endothermic.

Light is a form of energy and it can be converted

Sun is a source of heat and light.'

Light is screened off by the intervention of an
opgque object. ILight passes through transparent
objects.

We get more light from a source at shorter distance
and less at a longer distance,

Shadows are cast in opposite direction to the

straight line. -

reflection.

We can see things when light is either emitted by
them or reflected from their surface,

The modn is a nonluminous body. Moonlight is
reflected sunlight, ‘

Sunlight consists of seven colours,
Transparent materials allow most of the light

allow some light to pass through and some light to
be absorbed. While opaque materials do not allow
any light to pass through them, but absord and
reflect the light instesd, ,

A material’appéars coloured beéduse when light
strikes the material all the coloured lights are
absorbed except the one which is reflected to the
eye.




1.
12,
13.
14,
15.
16.

17.

18.
19.
" 20,
21,
22,

23,

o4,

25.

26,
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An image is seen in a plene mirror because almost
all light striking its surface is reflected.

The image in a plane mirror is as large as the
object in front of it and is laterally inverted.

Reflection is regular from a smooth surface and
irregular from a rough surface.

When a beam of light passes from one medium into
another it is bent in its path. This bending
of light is called refraction.

Refraction produces many optical effects.

When a beam of light passes through a prism a
band of colours called spectrum is obtained. This
splitting up of light is called dispersion.

Rainbow is a spectrum that is produced when the
sun shines during or immediately after a shower.

Any coloured transparent material looks coloured
because it allows only one coloured light to pass
through snd absorb all the rest.

Red, blue and green are called primary colours

of light.

Light is a form of energy and can be converted into
other forms of energy.

Light can be reflected by spherical mirrors and
are two types concave and convex,

Parallelkrays of light atriking'a concave mirror
are 8o reflected that all the rays converge at
one point called the focus of the mirror.

A convex mirror diverges the rays of light passing
through it. ‘ :

Images can be formed from spherical mirror whose
distance depends upon the distance of object,

Light can be refracted by‘the4lenses. They are
of two types concave and convexX.

‘Parallsl rays after passing through a convex lens

convert at a point called the focus of the lens.,
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27. Concave lens diverges the rays of light passing
through it. '

28. Images can be formed by lenses., The distance of
the image depends upon the distance of obJect.

29. Spherical mirrors and lenses are used in many
optical instruments,
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APPENDIX I

TEST ON FQRCE

Q. 1. A Policeman is moving a Demonstrator.

Tick ( _/ ) all the forces that act on the dsmonstrator.

. Pull of Cravity et

2, Policemen's Pull
3. Friction of ths ground
4, Anocther force not mentioned

(F = 58.64, D = 0.26, Selected)

Q. 2, The man ia trying to move the car but the car is pmaot
moving, The brakes are off.

Tick ( _/ ) all the 'forcea'act‘in‘z on the car.

1. Man's Push

2, Friction

Se Pull of Cravity

4, Inertia of the car

(F = 38.88, D = 0.17, ‘Selected)




Q. 3

Tick ( _/ ) all tha forces actins on the bicycle,

L
2.
3.
4.

Q.

Tick ( _/) a1l tha forces actinpg on the cricket ball,

4.

. Another force mt mentionad

(F = 19.44, D = 0.17, Selected)

B A Crickoter hifs the ball and tha ball mvw moves fraely.
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A cyclist is moving along, He stops pedulling, does mot

ugse the brakes., The bicycls slovs down,

Pull of Cravity
Yriction

Man's Force

Forca 0f the cricketer

Pul of Cravity =
Force of Adr

hdnnther force not mentioned

(F = 9.25, D = 0.06, Not Selected)




Q. 5. There is a box on an Inclinad Plana, The box is not
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movinwm,

Tick { _/ ) all the forces acting on the borx.

2.
3.
4,

Q.

Pull of Gravity
FYriction
Feaction of the Inclined Plana.

Apothar force not mentionad

({F = 57.47, D= 0.21, Selected)

6. A ball is rolling down a hill and snaeding up,

Tick ( _/ ) all the forces acting on the ball,

1.
2.
3.
4.

Force.of AMr
Pull of CGravity
Reaction of the Hill

Anothar force not mentioned

(F = 58.64, D = 0.21, Not Selected)
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€. 7. There is a cushion on the chair,
A man is sitting on the cushion.

Tick ( _/ ) all the forces acting on the cushion.

1. Man's force

2. Force of air

3. Pull of gravity
4. No force

(F = 40.74, D = 0.074, Not Selected)

Q. 8. A weight 1ifter is holding a bar and the dar
is steady.

Tiek ( _/ ) all the forces acting on the bhar.

1. Man's force

2. Pull of gravity

3. ’ Force of air

4. Another force mot Qentiohed

(F = 50.93, D = 0,06, Not Selected)
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Q. 9. A man is atanding on the moon.

Tick ( _/ ) all the forces acting on the man.

1.
2.
e
4.

Q.

Pull of Earth'as Gravity
Pull of Moon's Gravity
Force of Alr

Reaction of Moon's surface

(F = 36.11, D = 0.24, Selected)

10. The man is pushing the car and the car is moving,

Tick ( _/ ) all the forces acting on the car,

Friction
Man's Push

~ Pull of Gravity

Reaction of the Earth

A{F = 51.39, D = 0.2%, Selected)
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Q. 11« A car is travelling along a flat road when the engine
stops going. The car slovs down and etops at X,

X ee e e e = =

©) O)

fick ( _/ ) all the forces acting on the car which can be erplained as
A}

CGravity caused the car to stop

-

Friction caused the car to stop

The car just stopped naturally

A},ar\':

The car ran out of ‘force

(F = 7.40.V D = -0.074, Not Selected)

Q. 12. A football has bman kicked toward tha gnalpost., As it moves
tﬁmugh the moal vost, the forces acting on the ball can de

explained by the statements given

below:

Tick ( _/ ) all the forces acting on the foot ball,

1. The f&rc@ of gravity
2, The force of t}ictibn
3. The tdrc;y of tﬁo ek
4. Anothar force mt montib'ned>
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Q. 13. A car is parked on a hill. It is not moving. Brakes

are on!

(2)

Tick ( _/ ) all the statementswhich explain the forces on the car.

1. There ars many forces on the car but the total
force is zero,

24 There are many forces on the car and ths total force

is downv-.lrds.'
3 There is no force on the car at all.
4, Gravitational force is acting on the car.

(F = 11.11, D = 0.00, Not Selected)

Q. 14.1 peréon is on a slide but is mot moving.

Tice ( _/ ) all the statements which explain the forces

on the person, — ; | - o ‘

1. Hahy tdfcu ai‘é actin.gy oh. the ‘;‘aoraon but the .total
force is zero, . . ,

2. Many forces are acting on the person but ths total
force is downward, .. |

3. The person is using his own force

4.  No force is acting on th person at all - .

(F = 7.40, D = 0.00, Not Selected)
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Q. 15. A person throws a tennis ball straight up into the air just a i
small way. If the ball is on the vay un, then the force on y
the ball is shown from the folloving figursat

R R R

Tick ( _/ ) all the statements which explain the forces on the ball,

1, A. The force is acting dovnvard because the force of gravity
acts on the ball dovnwvard,

2. B, The force acts upward because the ball is moving upwvard,

3. C. There is no force on the ball becauss the upward force
- and the force of gravity balance each o ther,

-4, D, The force is acting towards right awvay from the person.

(F = 9.2, D=0.11, Selected)

Q. 16, BHere are tw torches, One is 1it, the o‘ther switched off.
The size of the arrows sre supposad to shov tha »ize of
the forces on the torches,

\/ \J/ W W
l IREEE

D | c \} B A

Tick ( _/ ) all the statements vhich explain the forces on the torches,

1. A {8 correct because more gravitat:lonal force is acting on
the unlit toreh,
2, B 1s correct bacause 1it torch has more gravitational force

than the 1mlit one,

3. C is correct becauae equal force of gravity acts on both
the torchea, no matter the torch is 11t or mot,

4, D ia correct because the 11t torch hu more force upvard
» becauce it is 1it,

(F = 12.95, D = 0.11, Selected)
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Q. 17. Hare is an astronaut on the moon., He has gently let go a
ball (Pig. A). The arrovs are supposed to shov the diraction
of the force on the ball in the figures below:

O

A

Tiek ( /) all the statements which erplain the forces on the ball,
1. B is correct because there is mo force acting on the ball,
80 1t goes wp, 7 -
2, . C 1s correct becausa there is m force on the moon's surface
20 the ball is suspended.in the epace.
3. D is correct because gravitational force of the moon is acting é

on the ball, so the ball falls down towvards the moon's surface.

4.’ E is correct, bacause the force of thehas‘tmmut pushes the
ball towards right. .

{F = 12.95, - D = 0.26, Selected)
Q. 18, Two egual objects are linked by a plecs of string as‘ in

Flg. ' A. The atring is placed lightly over a pulley, Here (h
is a picture one minute later shown in B,C, and D, ) ISR

D

: B e
A : , |

Tick ( _/ ) all the statements which explain the forces on the objecta.

1. B {a eorrect, because mors force of grivity acts on the
higher objsct, so the M gher object comes down,

2. C is correct, because tho vei@ta are equal. 80 they move
to adjust themselves at equal height, :

3. D. Asthe weights are equal, so m one pulls the o ther, and, do
ot move from their poaitions.

4 ~ Another reason not mentionad,.

(F = 3.70, D = 0.00, Not Selected)
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Q 19. A person throws a tennis ball straight up into the air juat
a small vay, If the ball is on the way down, then the
folloving figures shov the force on the dall.

No force

Yrer

Tick ( _/ ) all the stateusnts which erplain ths force on the ball.

1. A 18 correct bmcpuse the pull of the gravi tational force acts
on it downwarde,

2. B is correct because the verson has thrown it upvards,

3. € is correct because the upvard force of the person and the
downvard force of gravity balante each other,

4. D 18 correct bacause the force on the ball acts towards
the person himself, .

(F = 12.95, D = 0.11, Selected)

0. 20, Two persons are stopping the cars rolling down the hill. Both
cars are the same and have the hand brake off. BHere, the ol ze
of the arrows are supposed to show the size of the forces
exerted by the persons on the cars.

Following figures explain the forces on the cars.

B c

Tick ( __/) all the atatementa vhich orolain tha force of tho persons on
tha cars,

1, A 18 correct bacause the man npear the bottom has to ume more
force againat gravity.

2. B is correct, bacause both of them use the same mount of force
to stop the same aize cars.

3. C is correct bacauns theo parson at the top has to put in more
forcoe to atop the csr rolling down, Ha has ts put wo™ force
because he is Hshar,

4, Amther force not mentisned,
(F = 1,85, D = -0,04, Not Selected)




Q.

Tick ( J ) all the correct statements from the follovingt

1.
2.

Je

4.

1.
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TEST QN ENERGY

A person is climbing up the stairs.

BEe is using his chemical potential energy to climb wp.

He is making use of his Xnetic enrergy.

He is using his gravitational potential anergy.
Be 19 maicing use of mo emrgj.

(F = 7.41, D = 0.15, Not Selected)

Q 2. A car is moving along the road.

e

Tick ( _/ ) all ths correct statementafrom tha following:

1.
2.

3

4.

Car {s moving because of its own linetic energy.
Carr is movihg:bocsuse of 1ts potentinl ernery.d ‘

Car is moving becauss of ‘its engina's force which
gets erergy from the chemical potential emergy in the
fuel,

Car has mo energy, it is moving of its own,

(F = 37.04,, D = 0.44, Selected)
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Q. 3. A weight 1ifter i1s holding a bar stationary over hs head

Tck ( _/) all the correct statements fezom the following:

1. Weight 1ifter is holding the stationary bar because
of the gravitational emsrgy of the dar,

2. Weight 1ifter is using energy of his hands vhile
holding the bar in this position,

3, Waight 1ifter 1s ueing his heat energy for holding
: the bar in this poeition.

4, Woeight 1ifter is using his cheaical potantial
energy which he gots from the food he oats to old
the bar in this position,

(F = 9.26, D = 0.19, Not Selected)

Q. 4, A rock is lying on the tadble.

T

Tick ( _/ ) all the coi'rect atataments froru the folloving:

1. There is no energy because the mck is just lying on
the table,

2. The rock has gravitational notential ersrgy vwhich has
" bmeen storad in it when it vas 1ifted to this position.

3o The rock possesses kinetic energy.

4, Thé rockkgeta energy from the table,

(F = 16.67, D = 0.33, Selected)




424
Q. 5. A candle is burning.

Tick ( _/ ) all ths corract atatements from the following:

1. Thy cundle guts eneryy from carbondioxide.
2. The candle uses kinetic onerey.
3. ‘Tha chemical energy chahges to heat energy vhen

the candle durns,

4, The candle uses chemical potential energy of the
wax and convarts it into haat and light erergy.

(F = 14,81, D= 0.30, Not Selected)

Q.6. Bicycle 1is sligwing down, The person usas ro pedals,
no brukes, but is slowing down,

Tick ( _/) all the correct statements from tha folloving:

1, The bicycle is moving because of its kinetic energy,
but is slowing down because of friction. o

2. The bicycle has potential onorgy that :I.s wvhy 1t is
moving,

3. The bicycle is moving because of the potential enerw
of the cyclist,

4. The bicycle is moving because of the energy of the
pedal s, .

(F = 22.22, D = 0.44, Selected)
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Q. 7. BHere is a wind-up clock. L

Tick ( ./ ) all the correct statemeants from the following:

1. The clock works becauss of gravitational energy.

2. The clock worksbecause of chemical 'ohergy.

bR The clock gets energy from the spring vhere potential
energy has been stored by a person by using his kinsetic
energy.

4, Any other energy not mentioned

(F = 29.63, D = 0.37, Selected)

Q. 8, A car has baen lifted up by a jack and is stationary,

Tick ( _/ ) all tha correct statements from the following:
1. Car has potential emergy.

2. Car has kinatic energy.

3 Car has o ensrgy.

4, ‘Tha enargy of the jack is keeping the car up thers,

(F = 3.70, D = 0.07, Not Selected)
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Q. 9. Here i3 a television which is 'on'.

Sl

o
o]
(=]

Tick ( _/ ) all the correct statements from the following:

1. The picturs in the televiaion is formed becauss of the
chemical energy in the T.V,

2. The television has light ensrgy that is why we can
vatch picture on it, ‘

. The television has sound energy that is why we can
hear - tha sound from %,

4, Television works on electric energy and this energy
i3 then converted to light, sound and soms heat
energy. ' '

(F = 31,48, D = 0.49, Selected)

¢, 10. Here is a water fall.

+ Tiek ( _/ ) allﬂthe correct statements from the following:

1. water falls down because or gravitational pull.
2. Water falls down‘because of greater bheight,
3. Water falls down because the gravitational potential

anergy of vater is converted into its kinetic energy,

4. Water falls down because of its cheaical emergy.

(F=11.11, D= 0.22, Not Selected)
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Q. 11, A man is pushing a heavy box up a hill,

_

Tick ( _/ ) all the correct statements from the following:

1. The man is uainn his kinetic anergy to uuuh the box up,

2. The man 1is using his potential chemical energy to push
"~ the box wo,

Je The man and the dox both have potential erergy.

4. Any other reason rnot mentiored,
 (F=0.00, D=0.00, Not Selected)

Q. 12. A batfery. bulb and a switch hava bnen »ut in a circuit,
The bulb is ‘on’,

Battery ; \”I,/

/7
)44y

7’

»

Tiek ( _/ ) all the correct statements from tha following

1. . The buld hao oloctric qnorqy thut 1: Vhy it gives off light,
2. Tha battery has chenical energv thnt is vhy the bu).b
- glves off light, ‘ ;
3. - The battery has kinetic energy that is why: the
buld gives off light. v
4, - Neithaer the bulb nor the battery has any kind of

energy.

= 9.26, D= 0.19, Not Selected)
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Q. 13, .There is some hot watar in the beaker.

ayZ b

/:

Tick ( _/ ) all the correct statements from the following:
1. The water has heat energy in it,

2. The water has chemical everzy in it.

3 The water has potential energy in it.

4. Any other reason not mentioned

(F = 27.78, D = 0.33, Selected)

Q. 14, A person is eating a meal.

{@CDMf
N

Tick ( _/) all the correct atatemants from the followingt

1. The person is uaing his knetic energy,
2. There is chemical potential enerzy in the meal.

3. The person is taking in tha chemical energy vhile
ea ting meal. : :

4, Any other reason not mentioned.

(F = 64.81, D = 0.41, Selected)
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Q. 15. A person 1s using hand lens to read small letters.

Tick ( _/ ) all the correct statements from the following:

1. The person can read the letters because 4f the
mechanical energy in the leans,

2. There 1s 1ight energy in the lens, that is why the
person can read the letters,

Je There is chemical energy in the lens, that ie why
the person can read the letters.

4, The person is reading because of the 1ight in tha R
surroundings; uaing his own chemical potential S
energy and with the help of tha lens, e

{F = 25.93, D = 0.30, Selected)

Q. 16. A block of Ice is melting.

Mek ( _/ ) all the correct statements from the following:

1. Ice melts because it has heat ehefgy in it.

2. Ica melts because of absorbing heat enérg'y fron the
surroundingzs.

3. Ice melts because of the chemical energy stored in it,

4. Any other reason not mentioned.

(F = 18.52, D = 0.37, Selected)
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Q. 17, There is an alarm clock with a lumipous dial.

el
|
:
!
|
|
|

Tick ( _/ ) all the correct statements from the followingt ,
1. Thers i3 no emission of energy here,
2. There is 1ight energy emitted by the luminous dial,

3. The clock has potential energy stored in its syring
when it vas wound, e

4, The clock has gravitational potential energy.

(F = 11,11, D= 0.15, Not Selected)

Q. 18, A person is aledging down hill in the snow,

4

Tiek ( _/ ) all the correct statements from the following:
1. The person is using his own energy vhile sladging down.

2. The per'son is sledging down becausa of gravitational
potential energy,

3. Tha person is aledging down because he gets energy from
the snow, : :
4. Any other reason not mentioned.

(F = 1.85, D = 0.04, Not Selected)
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P it

Q. 19. Thers is a flover plant in a pot.

¥

Tick ( _/ ) all the correct statements from the following:

1. The flower gots enmergy from the sun and the soil
for its growth,

2. The flower gets energy from the earth for its growth,

3. Light energy falls on the flower that is why the
flover is alive,

4, Tre flovwer plant pets energy only from the soil.

(F = 14.81, D = 0.30, Not Selected),

C. 20. The stars are shining at nizght.
” , ,
. 4 <+ #* i>
4 il x> ¥ ¥
y T

Tick ( _/ ) 21l the correct statements from the fonouing:

te There is ro energy becausze there is ro sun.

2. Stars shina because of the light energy emitted by
themaelves. e o

3. Stars get some energy from the moon as well,

4, Any other reason mt mentioned,

(F = 31.48, D= 0.55, Selected)




Q.

1.
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TEST ON LIGHT

A Candle is burning,

Bow do you see the candle?

1.

Q.

2,

Bacause of the surrounding light,

Bacause of 1igﬁt coming out of the candle.
Bacause of 1ight coming out of your own eyes,
Becaﬁsa of reflection of lisht by the Ca‘ndle.

(F = 3.70, D = 0.074, Not Selected)

A person looks at himself in the Mirror.

i % 3z

How does a person sse himself in the Hirror?

1.

2,

3.

4.

One can see himself because the 1ight which falls
on him whan falls on the mirror is reflacted by it,

One can see himgelf because of light in the
surroundings.

One can see himself because this is the property
of the mirror.

Any other reason not mentiened.

(F = 11,11, D= 0.22, Selected)
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Q. 3. A person 1s looking at a rainbow,

i//’A

The colours in the rainbow are formed because of

1. Reflection of sunlight by the rain drops.
. Disparsion of sunlight by the rain drops.
3.  Transmission of sunlight through the rain drops.
4. Refraction and Reflection of sunlight by

the rain drops.

(F = 5.60, D = 0.11, Not Selected)

Q. 4, A person is watching a television programms.

L fm)

Do you think that the 1ight from the T.V, Screen

1. Comes out about a metre.

2. Comes out to the person watching.

Be Travels a long distance and goes all over the room.
4. Just fades avay about two or thres metres avay

from the T.V,

(F = 22.22, D = 0.30, Selected)
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Q, 5. A Light Bulb is switched 'on' during the day.

Do
1.
2.

S
4.

T

you think that the light from the light bulb

Stays on tha 1ight bulb,
Comes out about halfway towards you,

Conms out as far as you but no further.

Comes out untﬁ 1t hits something,

(F = 33.33, D = 0.66, Selected)

A torch is being shone through a hole in the wall
of a room at S tovards a mirror on amther vall,

c B

Where would you have to stand to see the reflection of

the Light?
1, At A
2. At B
3. At C
4. Soma whers else,

(F = 20.37, D = 0.26, Selected)

i
"4
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Q. 7. An Rlectric bar heater is ‘on' at night.

When the heater is 'on'

1. It produces 'light',

2. It broducaa ‘heat’'.

3. It nroduces 'heat' as vell as 'light'.
4. It pmduces 1light only at night.

(F = 3.70, D = 0.074, Not Selected)

Q. 8. A pupil is watching a filnm,

ﬁ&"ﬁ |

Eow can he see tha £ilm?

1. Ha can seae the film because of reflaction of the
1ight falling on the screan,

2. He cen see because of light coming out of the screen.

3. He can see because of tha 1ight coming out of e
own eyes.

4, Any othsr reason not mentiohed.

(F = 3.70, D = 0.074, Not Selected)




Q. 9.
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A Bright Red Painting.

=

How do you sea the painting?

1.

Q 1o.

Because of surrounding light,
Bacause of the 1ight coming out of the painting,
Because of light coming from your own eyes,

Because of reflection of light by the painting,

(F =1.85, D= 0.037, Not Selected)

Moon is shining.

)

Ho\;v does the moon shine during the night?

1.
2,
Se.
4,

Because of its own light,

Becauss of reflection of sunlight,

» Because of 1ight from the other sources.

~ Any o ther reason ot mentioned.

(F = 40.74, D = 0.T4, Selected)
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Alight buld is 'on' during the night.

Lo you think that the 1ight from the buld

1.

2.

3.

4.

C 12,

Stays on tha light bulb,
Comes out about halfway towards wou,
Comes out as far as you but no further,

Comes out until it hits something.

= 53.70, D = 0.85, Selected)
A torch is shone at a coloured fil ter,

-
LI .

Which picture do you think best shows what happens vhen
the 1ight reaches the filter? .

1. \l'.)

2. (B)

3. (C)

4, (D)

The filter reflects some light and lets through
a bit of coloured 1light,

The filter abaorbs some 1ight and only lets
through the coloured light, ’

The white 1ight from the torch pushes coloured .
1ight out of the fi) ter,

The filter dyes the whita 1ight of the torch:
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Q. 13, A torch is being shone at a glass prism

&XAA:_\ | &AB

Aé .\‘ //‘D
& é§ & \ N

Which picturas do vou think best show what hapvens vith
the 1ight and the prien?

1. (6) Two sides produce two spots of light.
2. (B) The three cides produce three prixzary colours.
Je (C) A ranme of colours is produced which join wp

with each o t_:her.

4. (D) The prism sparkles and produces many spots of light

(F = 16.66, D = 0.33, Selected)

Q. 14, A car is standing parked on a straight, flat road vith
’ its head lights dipped. A pedestrian, vho is standing
in the voad, is able to see the headlights.

‘ [ [ !
1 | 2 | 3 ] 4
| | i
T T t
&C"\ ] ! H
Om ! ! :
' |
i ]
! l :
In which sections is there 1ight?
1. ~ There is 1ight only in Section 1. becauae. headligbt
reached this far,
2. There is 1ight in Section 2, becau*e batteries are not
strong emugh,
3. The nedeatrian can see the light. therefore thers is
1ight in I, 2 and ' 3, .
4 Possibly, 1ight can go upto 4 and even beyond that.

Y(F : 9.26, D= 0.185, Not Selected!
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Q. 15, The Sun is Shining,

b "'/
~ e
AL

/’hh\‘

How far doea the light from the sun go?

1. Jt coes up to the Earth.‘

2. It goes up to the Zarth and the Moon,
3. It cen go & little heyond our Earth,
4. - It goes up to infinite distance.

(F = 12.96, D = 0.26, Selected)

C. 16. A permn is looking at the book.

/.

The person can see the book becauss:

1. Some kind of eye waves go between the book
and the eyes.
2. “Light shinea in the aurroundings.
3. ~ The book gives of f 1ight, which is perceivod By
by th- eye. : 5
4,  The book reflects 1ight. This 1ight then i

- hits the eye,

(F = 9.26, D= 0.186, 'Selggted)
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A person is looking down into a bucket in fig (a). Thero
ir 8 glass marble on the hottom. He can not see the marbla.
Vhen the bucket is filled with water as in fig. (b) the
perecn is able to see the marble. Naithar the person,
nor the bucket has moved.

@
(n) (v)

The reasor that he can sae the marble may be,

1.
2.
3.

4.

18,

- That the marble appears to have moved,
That the marble is reflected by the water in ths bucket

Wher the light ra&s from thek:na!‘-blo meet the murface
of water, thay are bent and that is why he can see it,

The vater makea the marble clearer to see the bucket,

(F = 22.22, D = 0.37, Selected)

A torch is shone on a door (Fig.a ). & spot of white 1ight
can be seen on the door, Vhen a prate of transparent red

@lass is placed in front of the torch, a spot of red
1ight is seen on the door.(Fig. b) ‘

(a)

The plate of red glassa éhangee the colour of the epot from white
to red due to the reason that. ‘

1.
2.

S

4,

The red glass plate glves red 1ight.

The 1ight goes through the red glass plate. vmoh
colours it red, :

The plate of Zass lata only red 1ight through “
end the rest is adbsorbed, ' ) L

When the 1ight reaches the plate of red glasa. the rays
are bent and they chapge the colour,

: 0.00, D = 0.00, Not Selected)
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There is a flower plant in a pot,

The colours in the flower can be seen

4.

Ql

The 1ight from the buld comes out because

1.
2.

20. A hattery, bulb and switch put in a circuit,

Because of the 1ight in the surroundings.

Bocauee of the reflection of light falling on
the flower surface,

Because of absormption of some of the light waves
end reflection of the other,

Any other rasson mot mentioned.

(F. =z 7T.40, D = 0.148, Not Selected)

The switch is on.

Current heats up the filament of the buld and the
bulb then gives off light.

Of the gas already filled in the bulb,

Any other reason not mentioned.

(F=7.40, D= 0.148, Not Selected)
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APPENDIX K.

List of Teachers (in groups): - their respective Schools and the No.

of children involved in the study.

School Name of the Teacher No. of M/F School Address

No. Children

Group A (Total No. of Students: 335)

Government GCirls
Comprehensive High
School, Sargodha.

I. Miss Khalida Adeeb 45 F

II. Miss Khaliga Islam 40 F Government Girls
. Comprehensive High
School, Sargodha,
III. Mr. Masood Ahmad Bhatti 50 M Government High School
Ghoray Shah, Lahore.
Iv, Mr. M. Mansha Saleemi 50 M GCovernment Islamia High
‘ School, Vehari.
V. Mohammad Zaman Chughtai 50 M Covernment Islamia High
School, Cantt, Lahore.
F Governmeht Cirls
Comprehensive High
School, Wahdat Road, .
Lahore.

VI. Miss Sarwat Hameed 50

M Government Muslim Model
- High School, Lower Mal},
Lahore.

ViI. Mr. M.Ashraf Naz 50

Group B (Total No. of Students: 272)

I. Mr. Fayyaz Ahmad Ghaurl 28 M Covernment Comprehensive - :
' High School, Bahawal

Nagar.

I1r, Rana Abdul Latif Khan 50 . M Muslim High School,
Lahore Cantt,

50 F  Covernment Girls High

II1, Miss Sajida Khatoon
School, Chichawatni.

Iv, Mr. Khalid Latif Khan 50 M Covernment High School“ié
, Noor Shah, Distt. R

Sahiwal.

V. Ammad-ud-Din Khan 44 M Government High School, ;}
Niaz Baig, Lahore. :

VI. Abdul Majid - 50 M Government Arif High
_ School, Mustafabad,

Lahore.
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Government High School

VII. Syed Mohammad lIjaz Shah  {Dropped from
. sample) Bolani, Tehsil,
Kharian District.
Gujrat, .

Group C. (Total No, of Students: 252)

I. Miss Néjma Parveen 34 F  F.G. Girls High School,
Multan Cantt,
M Covernment Islamia High
Schoel, Mohani Road,
Lahore.

1I. Muhammad Hussain Azad 55

M Government High School,
Kanganpur, :
District. Kasur. ;

III. Abdul Rashid Bhatti - 50

Iv. M. Atta-ul-Haq 23 M Government High School,
Khushab,
V. Manzoor Ahmad 39 M Government High School, ;
: . Satiana, District, i
Faisalabad,

M . Government High School
Rajar, Tehsil and
District Khushab.

VI. Chulam Mustafa Shah 28

23 M . Government High School,
Mandi Sadiq Ganj,
District. Bahawal
Nagar.

VII, Asghar Ali Sheikh
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APPENDIX L

CUIDELINES FOR THE EXAMINERS

While taking the tests, please take care of the following points,

1. Seating arrangements may be such that students are not able to

collaborate.

2. Before distributing the copies of the tests, it may be made clear to

the students that the marks obtained in these tests will not in any

manner affect their school results.

3. Students may not write their names and should not do any writing on

the test sheets.
4. Each student will take 3 tests, First, the test on Force, theh Energy

and, lastly Light will be taken, The same sequence may be followed in

each school.

5. Before the students start answering the questions, the following example

may be used to explain the test format and how to answer the questions.

Example: A cricketer hits the ball and the ball now moves freely.

Tick (v ) all the forces acting on the cricket ball
1. Force of the cricketer

2. Pull of gravity



5. Every question has four responses.

9.

475

3. Force of alr

4, Another force not mentioned.

A student can answer as many

correct responses as he wants out of these four responses by ticking (V)

them. There is a possibility of more than one correct response in some

of the questions.
Answers may not be given on the test copies; a separate answer sheet is

provided for this purpose. In order to answer a question, the student

should tick (V') all the responses he thinks correct. For example, if

a student feels that response 3 in answer to question 5 is correct, he

will answer the question as follows.
Question 5 : -1 2 3
If students feel any difficulty in reading the questions, they may be-
helped. Please do not give expianations.

No time restriction may be put on students.

THANK.
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APPENDIX M
TABLE: SHOWING CLASS MEANS OF EACH SCHOOL IN ALL GROUPS.

FORCE

Group School ;‘grs‘j?o FS1 /6 FS2/Q
A 1 1.356 0.689 0.667
1 2 1.500 0.850 0.650

1 3 1,640 0.700 0.940

1 4 1.820 1,120 0.700

1 5 1.320 |~ o0.860 0.460

1 6 1.240 0.380 0.860

1 7 1,620 1.320 | 0,300
Means 1.499 0.845 0.796
B 2 1 0.679 0.214 0.464
2 2 1.000 0.540 0.460

2 3 ' 1.580 1.040 0.540

2 4 10.700 - 0.380 : 0.320

2 5 1,500 1,159 0.341

2 6 1.060 0.680 0.380
Means 1.086 . 0.668 ‘ 0.417
c 3 1 1,441 0.882 0.559
3 2 | 0.873 0.509 . 0.364

3 3 1.280 ' 0.940 0.340

3 g 1,043 0.696 0.348

3 5 | o0.1es 0.308 0.436

3 6 . © 0.500 . 0.286 0.214

3 7 | 2.000 1.304 0.696
Means 1.125 £ 0.703 0.422
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TABLE: SHOWING CLASS MEANS OF EACH SCHOOL IN ALL GROUPS

SRS A e

. QRRRRNR e

ENERGY
Group School ggg;% ES1M EZSZ/6
A 1 3.333 1.378 1.956
1 2 : 4.125 1.825 2.300
1 3 2,460 1.260 .| 1,200
1 4 2.100 1.000 1.{00
1 5 1.760 - 0,960 ' 0.800
1 6 ' 2.480 1,060 1,420
X 7 2,700 0.400 0.300
Means ‘ 2.422 1.126 1.296
B 2 ! 1 3.500 KLY 1.786
2 | 2 | 2.000 © 1,000 1,000
2 k| 2.380 1.180 : 1.200
2 4 1.480 0.920 ‘ 0.560
2 5 | 0.977 ' 0.636 i 0.341
2 6 0.880  0.480 | 0.400
Means : 1.869 . 0.988 | o.s8
c 3 1 L 3.441 1.612 2,029
3 > v.236 | o021 0.509
3 3 1.440  0.760 0.680
3 ‘ o« | 2000 | .07 0.913
3 5 2,333 | 1231 1,103
3 6 1,036 . 0.643 - 0.393
3 7 3.826 1.957 1.870
Means - 287 - | e 1.071
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TABLE: SHOWING CLASS MEANS OF EACH SCHOOL IN ALL GROUPS

LIGHT

Group School %ig?:o LSI/3 LSZ/A LS3/3
A 1 1 3.911 1.444 1.667 0.800
1 2 4.775 1.150 2.400 1.225

1 3 3.140 1.060 1.260 0.820

1 4 3.080 1,040 1.360 0.680

1 5 1.820 0.720 0.800 0.300

1 6 4.540 1.380 1.860 1,300

)| 7 1,260 0.340 0.720 0.200
Means 3.218 1.019 1,438 0.760
B 2 1 3.214 1.000 1,464 0.750
2 2 1.900 0.880 0.600 0.420

2 3 2.780 0.580 1.820 0.380

2 4 0.880 0.240 0.520 0.120

2 5 1.318 0.500 0.614 0.205
2 6 0.800 0.240 0.480 0.080
Means 1.815 0.575 0.916 0.325

cC 3 1 4,706 1.382 2.059 1.265
3 2 1.182 0.309 0.600 0.273

3 3 2.000 0.660 0.860 0.480

3 4 2.043 0.696 1.043 0.304

3 5 3.026 1.077 1.462 | 0,487

3 6 1179 0.179 0.679 0.321

3 7 4,652 1.217 2.304 1.130
Means 2.684 0.788 1.286 0.608




