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ABSTRACT

This thesis is devoted to focussing on the influence of various learning styles and
psychological factors on the performance of school pupils in some creative practical
problem-solving tasks in chemistry which are called the Mini-Projects at the bench.
These projects have been selected for the research as they are believed to be capable of
generating and developing a great deal of motivation and involvement in chemistry.

217 Pupils at Standard Grade Chemistry (age 15-16) have participated in the
empirical part of this research and have been selected from five secondary schools in
the Central Region of Scotland.

During the period of the study, the sample of pupils was subjected to some
psychological tests in order to assign their Field-Dependent/Field-Independent and
Convergent/Divergent learning styles as well as their Motivational Patterns or
Preferences.

It was found throughout the research that the most effective combination of
learning styles which has emerged from the interacting picture of all the psychological
factors used in the research, are those of field-independent/divergent/curious-achiever
styles in performing practical problem-solving in chemistry (pupil-centred) such as the
mini-projects. On the other hand, the combination of field-dependent/convergent/
conscientious-social styles could lessen achievement in the mini-projects. Moreover,
when the mean scores were calculated for the various groups of pupils with various
learning styles, the curious groups were found to be the best while the conscientious
groups were found to be the worst. All these findings have been combined to form a
model which emerges at the end of the present thesis. The findings demonstrate that the
field-dependent/field-independent factor is the most effective in influencing
performance in the mini-projects, the motivation factor is second and finally the

convergent/divergent factor takes the third position.
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HAPTER ONE

AN INTRODUCTION OF SOME PSYCHOLOGICAL
ELEMENTS INVOLVED IN A PREDICTIVE THEORY IN
SCIENCE EDUCATION BASED UPON AN INFORMATION
PROCESSING MODEL

1.1 Introduction

During his M.Sc. study“’, the researcher focussed his research on a Predictive
Theory for Science Education'® based upon an Information Processing Model. The
common theme of the model evolved through the idea of how input information is
stored and processed inside the human mind and how a response to this comes into
existence.

This chapter is aimed to operate as a bridge between the researcher's previous
work (the M.Sc. study) and his present work (the Ph.D. study).

Different psychological factors related to the information processing model were
studied in the previous research aiming to find out their effectiveness on the learning
and teaching of chemistry at secondary and tertiary levels of chemical education.

It scemed evident that various other factors would affect subjects in their learning
of science and in particular of chemistry. Practical work in chemistry will be used in
this rescarch as an element of chemistry science. Using the two disciplines of
psychology and chemistry, but with a continued emphasis upon chemistry, the
researcher intends to make these disciplines work together, play otf against each other,
cohere, or disagree in an attempt to encourage new meanings, discover fresh signs and
messages for science education.

In brief, the hypotheses which the present study has evolved around were shaped



by certain evidence which became apparent during the researcher's M.Sc. studies. The
researcher became aware that there were some learners who. while being classified as
less able learners according to their achievement in conventional chemistry
examinations. could still perform to a satistactory level in other kinds of more practical
problem-solving tests in chemistry. Indeed. at times they displayed a greater aptitude in

these areas than more generally able learners.

1.2 The Holding/Thinki ‘orking Memory Space) in th
Predictive Theory

According to the predictive information processing model, there is a part in the
brain where the input information is held. organised. shaped and worked upon before it
is stored in long-term memory. This area is designated the working memory or
holdingithinking space or the X-space. The tunctions of this area have been subjected
to many studies.

Holding/thinking space is a limited SleCC(S’ in which consciousness exists.
Baddeley (1986)(4) defines this space as a busy area of the brain into which selected
sensory input comes into contact with material from long-term memory and undergoes
a variety of processes.

Ultimately, new input information may be forgotten or be found difficult to recall
again because it is irrelevant or linked to something which is not substantial. Other
input may be stored in long-term memory and used in further procedures. Ausubel

(1978

refers to these later two processes as rote and meaningtul learning
respectively. A model which may represent the thinking processes in the human's mind
is shown in figure 1.1. Such a model has been proposed at the Centre for Science

Education/Glasgow University .

: . : . . 4
In literature, this space is more often designated working memory ", M-



(6) (7) Y ‘
space ', or M-power . The limitation of working memory space may be

circumvented to some extent by using strategies e. g. schemata. tricks. techniques and

previous knowledge to group the input into manageable clusters or chunks.

T AT A A AIAY . Storage
e P A Storing torag
r a H A .
c %Interpren‘ng A Sometimes
"Obhcervation - Rearranging A Branched
Observation ¢ ryComparing R
Mnstruction {’ %;torage‘ . A Retrieving Sometimes
! ~Preparation e ST
o AAAAALANAAA Fragments
n
WORKING SPACE

LONG TERM
MEMORY

Figure 1.1 A model represents the thinking processes according to the predictive

theory.

In the previous work (the M.Sc. study)m, subjects were divided into three
categories of high. medium and low capacity according to their achievements in
particular psychological tests which measured the subjects’ working memory capacity
(holding/thinking space).

The researcher's previous study was intended to analyse the load of any
chemistry question on subjects’ mental capacities, specially during conventional
chemistry examinations, in both secondary and tertiary levels of education. The
predictive model'? suggested calculating the number of thought steps involved in any
particular question for the least sophisticated subject. The model used a term Z-demand

to represent the number of thought steps which is related to the size of the input load on



the human memory.

This assumption of the predictive model was originally related to Miller's (1956)
proposal(s' which has gained wide acceptance: Miller suggested that short-term
capacity is about 7 £ 2 chunks. A chunk is a word, letter or digit which describes a
familiar item or unit.

It is apparent from previous work LT solving chemical problems that the
subject would fail if the complexity of the task (Z-demand) exceeded his X-space. He
or she may perform well until the demand of the question exceeded his or her X-space
at which point a rapid and sudden decline in performance may be witnessed. The rapid

fall in performance has been well substantiated in Pascual-Leone (1969)"" and

(10) (11, 12)

Scardamalia (1977) " studies as well as several other recent studies

Surprisingly. some subjects operated well even when the complexity (Z-demand)
exceeded their X-space. These were interviewed and found to have some strategies hike
schema. tricks. techniques or previous knowledge which had been employed enabling
them to group the input into manageable clusters or chunks and to perform well beyond
their independently measured X-space.

It was observed'! that the ability of high X-space subjects to survive high
demand questions seems to be the greatest, therefore, the last subject who may fail in
the highest demand question may be assumed to belong the category ot high X-space

subjects.

1.3 The Human Systems for Scparating Relevant from Irrelevant
Information

Because working memory space is of limited capacity, it is rational to assume that
there is a system in the brain (controlled by long-term memory) which operates as a

filter for selecting some of the input and ignoring the rest. Presumably, things which



are selected are deemed to be relevant. important or interesting. This system requires
some already established concept or structure which, for a first time learner, may not
exist'!?,
[t 1s found that some subjects have ditficulty in separating relevant information or
'signal"m from irrelevant information or 'noise’. For first time learners, all the
information presented to them will seem to be important. Until they have a good grasp
on the material and its concepts they cannot discriminate between the vital things to
learn and the peripheral things. In the process of teaching a lot of peripheral material is
given by the teacher, often unconsciously.

In psychology. a cognitive style is recognised called Field-Dependence (at one

(15.16) Field-dependent

end) and Field-Independence (at the other end of a spectrum)
people are particularly prone to be intluenced by incidental information and have
ditficulty in separating 'noise’ from 'signal’ in any situation. Field-independent people
are better at getting to the nub of a situation and ignoring the incidentals.

When this is linked to the idea of a limited working memory space an interesting
relationship is likely to emerge. The predictive model'?) enables us to raise hypotheses
as follows:

I - If a subject is of low working memory capacity and field-dependent his
performance will probably be poor because his scarce
working memory space will be cluttered with "noise” or useless
information mixed with 'signal’ or useful information. This effectively
reduces the space available to deal with the "signal” further.

II - At the other extreme, a high working memory capacity, field-independent
subject will perform well because he has ample space for thinking which
is almost filled with 'signal” information with a relatively small
amount of noise’ compared to the field-dependent subject.

IIT - A high capacity, field-dependent subject. will perform less well than his



field-independent high capacity opposite but will perform better than the
field-dependent. low capacity subject.
Figure 1.2 shows the effectiveness of the same amount of irrelevant information

‘noise’ on the three different working memory capacities.

Irrelevant information ('noise')

in a problem

Free working space

Low Medium High
working memory working memory working memory
capacity capacity capacity

Figure 1.2 The influence of a same amount of 'noise’ on the working memory

capacities.

1.4 The Rescarch Findings of the Previous Study

The outcome of the results in the researcher's previous s[udym reveal evidence
that the field-dependent/ficld-independent cognitive style does influence the attainments
of subjects in chemistry examinations. In cach X-space category (table 1.1 and 1.2), it
seems that field-independent subjects have the ability to obtain on average higher scores

than field-dependent subjects in the same examination. At the same time, subjects who



are tield-dependent and of high X-space may pertorm better on average than field-
dependent, low capacity subjects in the examinations. Also, subjects who are field-
independent and of high X-space may perform better than field-independent low X-
space subjects in such examinations. The largest positive changes in performance could
be observed in moving from the attainments of tield-dependent low X-space subjects to
the attainments of field-independent high X-space subjects. (Table 1.1)

Interestingly. there is little variation in performance between high X-space, field-
dependent subjects and low X-space. ficld-independent subjects. Such variation in

performance was illustrated in Johnstone and Al-Naeme's (199!

work using the
terms of ‘potential’ capacity and 'usable’ capacity. It could be that in a situation where
no irrelevant information is presented a subject can perform to his full capacity, but in a
real problem solving situation, where 'signal’ and 'noise’ both exist, the subject may
suffer a drop in performance. In other words. a high X-space, field-dependent subject
would carry a relatively large amount of 'noise’ compared to the low X-space, field-
independent subject. This amount of ‘noise’ may occupy some of the potential working
space, leaving a reduced space for useful processing of the relevant information, the
'signal’ of the problem. High X-space subjects in a case like this can not tully utilise
their capacity and are performing as if their capacity were much reduced. The overall

(12,17

outcome of these results is supported by other recent studies . Table 1.3 presents

a table from one of these studies which exhibits these findings.



Table 1.1

The overall performance for subjects of different capacities and different

degrees of FD/FI in a chemistry examination (Al-Naeme 1989)' b

Mean Scores %
Capacity
F.D F. Int F. 1
Low (N =80) 53.2 58.3 59.3
Middle (N =64) 56.5 58.5 63.8
High (N =91) 57.0 64.7 65.8
Table 1.2

The overall performance for the subjects of different capacities and ditferent

degree of FD/FI in another chemistry examination (Al-Naeme 1989)'"

Mean Scores %

Capacity
F.D F. Int F. 1
Low (N =77) 36.3 38.2 45.2
Middle (N =62) 42.1 44 8 47.4
High (N =90) 45.6 47.0 49.1

N = Number of subjects F.Int = Field-Intermediate
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Table 1.3

The overall performance for subjects of different capacities and different

degree of FD/FI in a physics examination (Ziane 199017
Mean Scores %
Capacity
F.D F. Int F. 1
Low (N =86) 41.6 41.6 43.1
Middle (N = 26) 38.3 48.7 _
High (N =137) 45.0 49.6 65.8

1.5

Despite the fact that subjects who were field-dependent and of low working
memory capacity had achieved rather lower performance results than others in
conventional chemistry examinations, 1t was mentioned at the beginning of this chapter
that some subjects who do not do well in written examinations can sometimes do very
well in practical problem-solving tasks. and even better than some subjects who would
be regarded as 'more able’ on the base of conventional examinations. Theretore, some
other factors must be operating in addition to capacity and field-dependence/field-
independence.

Such observations were gleaned from teachers’ opinions of the subjects in
schools through interviews as well as from some records of subjects achievements in
chemistry tasks.

Therefore, this study has to ask the question as to whether it could be that there
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are other psychological factors apart from the X-space and field-dependence/field-
independence which may affect the subjects’ thinking and learning procedures. Such
suggestions demand further examination through the various disciplines of psychology.,
education and chemistry.

During research conducted in schools'"_ it was found that some subjects tend to
use long and convoluted methods to reach any chemical solution. Those subjects are
more capable than others of offering a variety of answers to each question which may
be asked concerning their everyday life. Nevertheless, some of the subjects are able to
show a good, efficient solution to many problems in chemistry. By contrast, some
other subjects tend to use short and concise methods to reach the answer. Their ability
consists of a narrowing in focus, an imaginative austerity which is quite formidable.
These subjects may exhibit less ability in giving a variety of answers to any question
related to their life.

A search of the literature reveals that, Getzels and Jackson (1962), and Hudson

(196())”8' 19)

have written of many studies regarding a field called Convergent and
Divergent Thinking. The subjects of this study who are classified as more capable than
others in elaborating the way to an answer and are skillful in giving a variety of
answers to every day life questions may be called, accordingly, divergent thinkers.
Whilst at the same time subjects who are using a single way to describe facts and are
not so skilful in giving a variety of answers to every day life questions may be called
convergent thinkers.

Convergent thinkers have been distinguished and defined by their comparatively
high scores in problems requiring one conventionally accepted solution clearly
obtainable from the material and the information available. They would obtain low
scores in problems requiring the generation of several equally acceptable solutions.
Using the reverse would define the divergent thinkers.

Divergent thinkers showed an ability to be more creative than convergent thinkers



(as will be examined in this study). Creativity is an ability which most of us are
concerned to develop and foster. It becomes a very important objective for educators to
see creativity being encouraged in the classroom and the laboratory. Creative thinking
occurs when the boundaries of the known are first mastered, through convergent
processes, and then extended. by the application of divergent proccssesum.

Therefore, this study has taken into consideration the fact that it is not only the
working memory capacity and the field-dependent/field-independent factors which may
affect people in their way of thinking or learning but also the means by which subjects
reach the solutions.

One of the most important aims of the study is to ascertain whether the subjects
who are classified as field-dependent or field-independent will think in a divergent or

convergent way in solving the chemistry problems or vice versa.

1.6 Individual's Motivati in I i p l

The factor of Motivation is another psychological factor recognised as important
to this study. An attempt was made to ascertain if this could dominate the learning
procedure in some way. and if it is related to the other previously studied psychological
factors.

It would appear at present that there is only a limited amount in the literature for
the work concerning motivation. The rescarcher intended to find some means of
determining how an individual's motivation affects himy/her in the process of learning.
At the same time, the researcher will seek to determine any correlation between
motivation, field-dependence/field-independence and convergence/divergence.

The early work which has been done in this field'?" attempted to divide the

subjects into four categories: the Achiever, the Conscientious; the Curious; and the



Social category.

The Achiever subject(zz’

seems to have a distinct preference for an expository
method of teaching and learning. He enjoys the challenge of competing with others for
top marks and hates being held back by a teacher who has to deal with slow subjects.
He seems to be apathetic towards any special interaction in learning.

The Conscientious subject also seems to display a distinct preference for an
expository method of teaching and learning. But he also wants to know in advance the
aims and goals of the work that he will be involved in with precise instructions which
will allow him not to make mistakes. He will not participate in any unnccessary
activities during exam times.

The Curious subject may be assumed to have a strong preterence for discovery
and problem-solving activities. He seems to prefer open-ended learning tasks, likes to
follow his own practical ideas rather than rigid instructions.

Finally, the Social subject seems to be very sociable in all his activities. Even
during his studies, he prefers to study with friends and to discuss problems together.
He is often too involved with the external world to commit himself to consistent

studying.

Present Study

As stated earlier in this chapter, attention was given to the performance of subjects
in practical problem-solving in chemistry or what is called ‘chemistry at the bench’ It
was found that some subjects have a potential capability which seems to be hidden
under normal classroom circumstances. Therefore, an aim of this study was to find a
special activity in chemistry for all learners which would foster, that potential

capability.
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Accordingly, Minz'-Projec‘ts(m

were chosen to provide such experiences and
applied to pupils in the secondary level of education. These projects. as it was
stated'*". were "carefully formulated and appropriate problems can generate a great
deal of motivation and involvement for pupils of all abilities”.

Mini-projects are small projects in chemistry concerning either everyday life
technical problems or depending on previous knowledge. Most of them are open-ended
and can possibly be used as creative tasks or as a means measuring the degree of
creativity of pupils.

Mini-projects have been designed. on the other hand. to manufacture an
interaction between trained and untrained minds'>' as an educative process. They are
to train all types of minds of youngsters in chemistry.

Teaching, learning, manipulating. discussing. experimenting, and improving
skills and understanding are all happening inside classrooms which are involved in the
mini-projects procedure.

Once again, pupils who are classified as 'weak' in chemistry will be the concern
of this study. Following them from early work in field-dependence/field-independence,
convergence/divergence, and motivation to the mini-projects achievements is potentially
extremely interesting.

However, other subjects will be observed similarity in order to trace a pattern in
an attempt to summarise the factors involved in the learning procedure in chemistry,
using the researcher's sample in secondary schools and with a firm dependence upon
psychology.

Ultimately, it is essential to begin this work by focusing on the literature review
of each psychological factor independently. to comprehend the effectiveness of these
factors in the learning procedure of pupils in the secondary level of education.
Additionally, some attention will be paid to the teaching strategies and the design of

practical problem-solving in chemistry.
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CHAPTER TWOQ

AN OVERVIEW OF VARIOUS PSYCHOLOGICAL FACTORS IN
THEIR CONNECTION WITH SCIENCE EDUCATION RESEARCH

2.1 Introduction

No discipline exists alone or provides us with self contained units of thought
which do not connect with other disciplines. There is a fine mesh of connections
between psychology and science education. The researcher intends to utilise the
discipline of psychology not as an end in itself. but as a means of map-reading.
providing a route into science education itself.

In the following chapter the researcher’'s purpose is to consider issues of
psychology alongside the theories of science education so that points of guidance
become markers, which future research may erase, shift into new positions or delincate
afresh.

The researcher, in his investigations into psychology. borrowed. selected, and
discarded extensively from the literature. Such an overview allowed an array of choices
to be made which led to the formation of three basic and manageable groups which will
be described as Field-Dependent/Field-Independent cognitive styles, and the

dimensions of Creativitv and Motivation in the learning of science.

it ) i ni .

In recent years. the idea of how field-dependence may be related to individual

differences in learning and memory has been the popular subject of many studies,
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probably because it represents the confluence of two important streams of thought in
the history of cognitive psychology.

One main subject of consideration has been the learning procedure and, implicit in
that, how the individual processes, stores and retrieves the information. At the same
time, consideration has been given to the issue of perception. Such concerns may be
applied to the individual differences in learning and memory according to the field-
independent cognitive style.

Cognitive styles can be defined'®" as "dimensions of individual differences
involving the form of cognitive functioning, with expressions in a wide array of content
areas including perceptual, intellectual, social-interpersonal and personality-defensive

processes”.

2.2.1 What are Ficld-DependentField-Independent Cognitive Styles?

[t is fair to mention that the work of Witkin and his colleagues (1954, 1969)' %

2 generated a wide-spread interest and stimulated much research by others in the
study of field-dependent/field-independent. Witkin defines'*® an individual who can
readily 'break up’ an organised perceptual field and separate easily an item from its
context, as a field-independent individual. whereas the individual who has ditficulties
in separating an item from its context would be defined as a field-dependent individual.

Field-dependent/field-independent factors are most commonly measured by some

(28, 29, 30) ..
. Freld-

variant of the Embedded Figures or Rod-and Frame Tests
independent people have the ability to overcome embedding contexts in perceptual
functioning. This ability may give them a sense of separate identity, with internalised
values and standards that allow them to operate with a degree of independence of the
social field. In contrast, field-dependent people do not have the ability to overcome

embedding contexts in perceptual functioning. Their expressions of articulated

functioning in one area are related to expressions in other areas.
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2.2.2 The Implications of Field-Dependent/Field-Independent
Coenitive Styles for Learning and M :

Although there are few relevant investigations concerning the implication of field-
dependent/field-independent cognitive styles for learning and memory. some studies
sought to understand the relationship between cognitive styles and learning-memory
abilities. Goodenough (1976)'3“ made an attempt to combine the studies in his
analysis of the relationship between the field-dependent/tield-independent dimensions
and the behaviour of individuals in the learning-memory domain. Four major areas of

work are recognised and will be summarised as follows:

2.2.2.1 ) “ye Salience in Concge .earning

The main principle in concept learning is that if the individual encounters concept-
attainment problems, he will try to distinguish between the exemplars and the
nonexemplars of a class of stimuli. He will then make an attempt to form hypotheses
about the definition of the class of concept. such hypotheses being determined by using
a variety of techniques.

[t was found? that field-independent people may achieve better than tield-
dependent people in a typical concept-attainment problem, when stimuli are composed
of a number of attributes. This kind of problem requires perceptual analysis of the
stimulus complex into its attribute components.

Field-dependent people would show an ability to adopt hypotheses about the
concept definition which favour certain cues and would neglect the nonsalient cues in
constructing hypotheses. They are particularly dominated by salient cues in their
hypothesis formation. On the contrary, field-independent people would sample more

fully from the cues available.
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2.2.2.2 The Approach to Learning Material

The mechanism of learning involved in any new concept is dominated by the need
for continuity 3 during the process of concept attainment. Each attempt adds a new
value to what is learned. Eventually, a gradual reduction in errors would occur until the
criterion for success is achieved. It is important to state here that improvement in
performance does not happen during the process of learning until the correct hypothesis
1s discovered which may lead to the learning attainment.

Accordingly, Nebelkopf and Dreyer (1973)“”) classified two curves in learning
procedure in different subjects; the continuous and discontinuous learning curves.

They concluded that there are two kinds of learners; learners who have a spectator
and discontinuous role and learners who have more of a participant and continuous
role. The first category reflects people who are field-dependent in the learning process,
while field-independent people tend to be having a participant and continuous role since

they can show a greater structuring ability in the learning process.

2.2.2.3 i | ; Mech;

In the present study, the term repression refers to the failure to recall information
as such information would produce anxiety if that information were to become
conscious. This study does not seek to discuss repression in its relevance to
psychology but rather to discuss that aspect of repression which may atfect the learning
procedure.

Witkin (19742

claimed that field-dependent people may use repression as a
defence. Studies of repression show that the use of memory for stressful versus neutral
material is more likely to be used by field-dependent people rather than ficld-

independent people. In any act of perceiving, field-dependent people are more affected

than others by stressful material. It is believed that this is due to the salient factors.
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2.2.2.4 The Social Orientation

What concerns learning related to social orientation is that people who tend to be
more socially orientated are supposed to be field-dependent people and may acquire
more social information with greater ease than their field-independent counterparts.

Research in this area appears to agree that it would seem evident™" that field-
dependent people pay more attention to the significant social aspects of their
environment. They tend to acquire significant social cues and ignore others, relying on
their relevance to the task at hand. This acquisition may aid performance or sometimes
hinder it. In contrast, ficld-independent people pay less attention to social cues unless
their attention is specifically focused on such cues for some reason.

When field-dependent people encounter insufficient or ambiguous information,
they tend to rely on the views of others more than field-independent people do. Field-
independent people tend not to rely on others when they face ambiguous information
and therefore may be described as more self-sufficient than those who are field-

dependent.

2.2.3 Field-Dependent/Field-Independent Learners and Processing the
Given loformali

Research in this area shows>**" that field-dependent and field-independent
learners differ in the cognitive processes that they employ as well as in the effectiveness
of their performance. It is believed that field-dependent learners exhibit less efficient
memory strategies than field-independent learners when they encounter a problem. The
explanation of the poor memory of field-dependent learners is that they process
information in a rigid way which may be the result of an inefficient response to cues
which would facilitate their recollection of the past information. Frank and Davis

(36)

(19%82) found that rigid information processing on the part of field-dependent
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learners may cause confusion in any attempt to ascertain alternative meanings of clues
or shifts in clue strategies. thus hampering performance.

Field-dependent learners may encounter difficulties in recalling encoded
information unless retrieval cues are directly relevant to the way in which the
information was encoded. For field-independent learners, this may not be the case -
they may recall encoded information without depending directly upon relevant cues.
The relevant cues could be considered as 'bridges“a to aid access to the stored
information.

Furthermore. studies related to cognitive restructuring skills cmphasiscd“s‘ A
that field-independent learners are more capable of cognitive restructuring skills than
field-dependent leammers. The procedure of cognitive restructuring comprises of firstly,
the ability to break up the task into its basic elements, secondly, the ability to
manufacture a structure from an ambiguous stimulus complex which will be the
outcome of such procedures, and thirdly, the ability to make a different organisation of
the task than its initial structure in the stimulus complex.

Studies in memory regarding field-dependence/field-independence have shown
two important areas™ that must be briefly discussed. These are short-term memory

and free recall.

2.2.3.1 -Te¢ hY

In an attempt to compare between field-dependence/field-independence and short-
term memory, Berger (1977)"*" used the digit span test and two measures of ficld-
independence to tind out whether there is any correlation between these variables. The
results imply that field-independent learners are more capable than field-dependent
learners in resisting the interference which would happen in short-term memory tasks.
In general, field-independent learners showed a high performance in memory tests
involving interference than others. Thus, the ability of this group of learners to focus

attention on relevant aspects of a situation is high, as compared to field-dependent
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2.2.4 Field-Dependent/Field-Independent Cognitive Styles and the
~ . '\ . |

Pascual-Leone (1970)(6)

stated that all cognitive processing occurs in a central
computing space which is labelled as the "M-space’. Pascual-Leone’s work 1s based
upon the Piaget theory of the intellectual functioning. It would appear that Pascual-
Leone's work has wide-spread relevance and thus has encouraged much research*%
B pascual-Leone’s work. in conjunction with a burgeoning of research, has
resulted in the Neo-Piagetain theory. Pascual-Leone believes that field-independent
ability is a developmental characteristic and learners with this ability may have at the
same time a high M-space in which case they may be described as high M-processors.
Building on this, the researcher’s previous work' ™ 1 follows many of Pascual-
Leone's basic assumptions.

A decrease in field-dependence with an increase of age (up to the age of 16)
occurs'® * due to the des elopmental changes in the M-space of any individual as
well as some other development changes in the conceptual knowledge or processes
coordinated in the M-space.

Stated in the previous chapter, the M-space has been given many ditferent names

" that the

such as X-Spacem or working mcmorym. However, it was found'**
performance of field-dependent learners revealed a poorer level of performance than
field-independent learners when the burden of tasks was increased on the working
memory.

Also, the Neo-Piagetain theory has drawn*" conclusions about a disembedding
situation showing that any learner would need a relatively large amount of central
computing space for use in the process of gencrating a conceptual response.
Accordingly, field-dependent learners would exhibit a poor performance in such a
situation since they do not use or have available for use sufficient central computing

space.



2.2.5 FKield-Dependent Individuals in a Problem-Solving Situation

While it has been emphasised in many parts of the present chapter that field-
dependent learners have a less efficient memory than field-independent learners and
therefore field-dependent learners may display a low performance in many tasks
because of their small M-space’, there is as yet one pertinent aspect which has not yet
been discussed concerning the ability of these two categories of learners in a problem
solving situation.

In a problem-solving situation. the learner may encounter a problem which is not
familiar to him, especially, if this problem is an open-ended one. Learners could face
such a situation in a school laboratory. in the classroom, or even in the outside world
manifesting itself as an every day problem.

In literature. a considerable amount of research has been subjected to the
comparison between field-dependent and tield-independent learners on various
occasions. In spite of this, there has almost been no analysis of the nature of these
learners facing problem-solving situations.

However, it was found®” that field-independent learners would be more likely
(than field-dependent learners) to exhibit a good performance in problem solving
situations when the solution depends on using an object in an unfamiliar way. When
previously useful cues become irrelevant in the current concept formation task, the
performance of ficld-dependent learncrs suffers more than field-independent
learners'*> *9,

Therefore, it is possible to look at this assumption as an access to the next section
of this chapter in which the researcher will discuss other psychological factors such as

Convergence and Divergence.



In the 1960's, educators were alerted to the attitudes of learners towards subjects
chosen during the secondary level of education. It became apparent that some learners

preferred to do science subjects, whilst others were motivated to do arts subjects.

(18) (19,

Based upon Getzels and Jackson's (1962) work. Hudson (1966, 1970)
) found that learners who excelled in science tended to have an interest in technical
hobbies and outdoor activities. whilst learners who were better in art subjects had
cultural interests like music, drama, and poetry.

Getzels and Jackson (1962)''%

formulated a distinction between the two
categories of learners: the first category was called the High 1Q" learners who are good
at intelligence test in terms of scores, but relatively weak on tests of ‘creativity’. The
second category was called the 'High Creative’ learners who are good at the ‘creativity’
tests but scored relatively low in intelligence tests.

In a comparative study between scientists and arts-orientated learners in the 1.Q.

Test. Hudson (1966)"”

observed that scientists pertormed better than their arts-
orientated colleagues in the L.Q. Test. His conclusions were that the science subjects
generated problems which tended overwhelmingly towards one correct solution: whilst
the arts subjects frequently encouraged learners to discuss and manipulate ideas, with a
view to developing original responses. Furthermore. the science subjects had a bias

towards numerical and diagrammatic questions. On the other hand, the arts subjects are

almost completely verbally biased.

2.3.1 Convergent and Divergent Styles of Thinking

"Convergent thinkers have been defined and distinguished by their comparatively
high scores in problems requiring one conventionally accepted solution clearly

obtainable from the information availuable (as in intelligence tests), whilst at the same
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time obtaining low scores in problems requiring the generation of several equally
acceptable solutions (typified in divergent thinking test). The reverse arrangement
defines divergent thinkers"™*®,

The convergent/divergent thinking style refers to the tendency of some learners to
depend upon a mode of thinking which leads to logical conclusions and uniquely
correct or conventionally accepted solutions, while other learners tend to depend upon
thinking which leads to a variety and quantity of output.

In the classroom, the application of this may be found™®”" in training learners.
Teachers habitually teach science students to focus their thinking onto the answer: they
must converge their thought-processes towards the one correct solution. In contrast,
tcachers would encourage arts students to use versatile thinking. to search for a varicty
of responses: they must therefore diverge their thought-processes.

In brief. several ideas or facts would be recalled, manipulated and formulated to
reach an answer in terms of convergent thinking. These ideas are ordered in such a way
as to converge towards the one correct answer.

While. in terms of divergent thinking. ideas or facts would be speculated upon.
brainstormed, and fashioned into new inventive possibilities. Such thinking is
characterised by not having enough information to produce only one acceptable answer.

. . . . (49)
These ideas would branch out into a multitude of reasonable answers

2.3.2

(19}

Hudson (1966) 7 divided his school sample of boys (on the basis of open-
ended tests and IQ tests) into the divergers (30%), who are substantially better at the
open-ended tests, and the convergers (30%), who are substantially better at the 1Q
tests. whilst there were also what can be termed the all-rounders (40% ), who are more

or less equally good (or bad) at both kinds of test.

The sample was then subdivided into: extreme convergers (10%); moderate
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convergers (20%); all-rounders (40%); moderate divergers (20%); and extreme
divergers (10%). However, Hudson neglected the all-rounders group from the study to
obtain two contrasting groups which would facilitate his study.

Hudson has emphasised that the convergence/divergence dimension is a measure
of bias. not of level of ability, since it is possible for a converger to obtain a higher
open-ended score than a diverger by having a quite exceptionally high 1Q score, or
because of the diverger's IQ may be exceptionally low.

The results showed that most arts specialists displayed a poor performance during
IQ tests but were much better at open-ended tests: whilst scientists proved to be the
reverse. It would appear that arts specialists were on the whole divergers, while
physical scientists were convergers.

The teacher may play a most important role in shaping the style of thinking
adopted. When children go to school for the first time; their beliefs, languages and
attitudes have been primarily learned from the adults around them. In teaching subjects,
teachers express the manner of thinking which they think is most usetul. although not
necessarily most appropriate for success in that particular subject. Therefore, to take
chemistry as an example, the learner will be taught not only the facts of the subject, but
also a convergent way of thinking which, to a great extent, will be imposed upon on
him.

The teacher may encourage learners to recognise that there can be only one correct
answer to many chemistry problems although this argument may prove sterile in some
cases when it is possible to employ more than one solution. The convergent may,
encounter difficulties when he tries to utilise unconventional methods.

Hudson suggests[w’ that learners have already chosen a manner of thinking to
employ whilst at school and, if left to themselves, they will choose a subject in which

they are particularly strong, perhaps one in which they find a congenial thinking mode.



2.3.3 Yarious Taxonomies of Thinking

Educators are concerned with the fact that there are many levels of thinking which
learners might use in executing any task. Learners must not only recall the material, but
also understand it and be able to work with it.

(49)

Pavelich (1982) has exhibited three taxonomies shown in table 2.1 which

may be needed when the student encounters questions which require different kinds of

thinking.
Table 2.1
Pavelich presentation of Taxonomies

1. Cognitive memory (recall) 1. Knowledge Concrete
2. Convergent Thinking 2. Comprehension Formal or Concrete

3. Application

4. Analysis

5. Synthesis

6. Evaluation
3. Divergent Thinking Formal or Concrete
4. Evaluative Thinking 6. Evaluation? Formal or Concrete

In the table above, there are three kinds of taxonomies presented by Blosser

(1973, 1975)°% 31 Bloom (1956)"°

and Piaget (by Ginsberg and Opper.
1969)5%
In the first column, Blosser has given four types of thinking, the first type relates

to what is called 'cognitive-memory” using thoughts which may be recalled and used at

a given time. The second type is of particular relevance to the present study as is the
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third type of thinking, it involves the convergence of ideas to achieve the correct answer
{convergent thinking), or the branching out of ideas towards a large number of
reasonable answers (divergent thinking). The fourth type of thinking is similar to the
third one: it needs several answers too but in evaluative thinking one must choose tfrom
a range of possibilities as well as justifving one’s choices.

In the second column, Pavelich has reponed(m similarities between Blosser's

(52) ! . .
. But Bloom's taxonomy emphasises almost exclusively.

and Bloom's taxonomies
aspects of convergent thinking. Therefore, Bloom has not defined well the divergent
and evaluative types of thinking, by giving only what he labelled evaluative thinking.
Blosser's taxonomy, on the other hand, emphasises the important aspects of divergent
and evaluative types of thinking which he refers to as the open-ended thinking.

In the last column, Piaget prcsented‘s‘“ two kinds of ideas concerning the age of
college students. These consist of a concrete content which includes what is observable
as qualitative, or involves one-to-one correspondence, and a tormal content which
inctudes functional relationships or combinatorial correspondence (Intellectual Stages of
Development). Pavelich has stated™” that Piaget's theory clarified the issue when he
stated™* that many college students may not be able to reason with formal content
since they have not vet developed mentally to an extent which will allow them to
understand the formal content. Thus, many college students would reason only with
concrete or early formal content.

To conclude, Pavelich described the combination of Plaget's and Blosser's
taxonomies as the best means of advancing the teaching of chemistry. He stated "In
terms of these two, the goals of a course are to use the study of chemistry to (1)
enhance the convergent, divergent, and evaluative thinking of the students, and (2) to

deepen their abilities to reason with formal content. In practice these are complementary

goals”.
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2.3.4 The Effectiveness of Creativity in Science Education

One of the most important findings in research which has been conducted in the
discipline of thinking is the existence of a significant relationship between the divergent

) . ) . ss
test scores with the creative variables and interests”™>".

2.3.4.1 What is Creativity?

There is a considerable emphasis in instructional theories indicating that learners
must find their own ways of formulating hypotheses and generalisations which would
allow them to finish each unit of study with a genuine feeling of having created and
discovered ideas for their own benefit.

Teachers must foster the ability to discover and inquire in learners of science.
Such ability should develop and enhance a habit of creative activity which eventually
emerges as another human skill. Sadly. this has rarely been an expectation common to
the classroom - there seems to be little emphasis on creative teaching.

‘Creativity' may be defined as "the ability to combine ideas. things, techniques,

«(56) . . . .
. Therefore, in learning for instance, it the learner has

or approaches in a new way
invented a technique which he has not been trained to use or read about. even though
others may have previously used it or even found it in literature, a technique like this
would be considered 'creativity'.

(87)

Relying on Talyor's (1963) work on the process of creativity, Romey

(1970,

has reported four stages of the creative process. Such stages would be
involved in any problem:
"1. A period of mental labor and deep involvement in a problem: This

may involve a seemingly fruitless struggle with some aspects of an

out-of-the-way part of the problem.

to

An incubation period: The idea is dropped for a while to see if

anvthing will hatch.
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3. A period of illumination: The 'Ah-ha!" period.

4. A period of elaboration and refinement of an idea.”

2.3.4.2 is_Creativi ?

Almost all the literature points out that creativity has solicited a great deal of
concern within science curricula and in learning and teaching strategies. It has been
emphusix‘cdlsm that the creativity process is not a static aspect ot any individual but is
an intellectual characteristic that could be stimulated, nurtured and trained.

Therefore, creativity may be considered to be linportant since:

* in science, it is considered to be a fundamental process and miy at present
be treated as a prime feature in designing science curricula.

* in problem-solving matters. creativity represents the most important
element that may be emploved by learners. It is in the central core of
problem-solving objectives.

* at times it is required 1n some practices in science.

* it must be inculcated in all its forms continuously. otherwise it will not

develop.

2.3.4.3 How to Measure the Creativity

Various tests have been set up to measure the development of creative thinking in
N . (18)
learners. As stated earlier in this chapter, Getzels and Jackson (1962) 7" Hudson
19 : :

(1966)' " and many others have used what are called ‘open-ended tests” to measure
the ‘creativity’ of learners (divergent thinking ability).

Although the idea of what constitutes an ‘open-ended test’ does not ditfer greatly
- . 60 . . e
from one research project to the next. concern surrounds these tests and there is

some difference in opinion concerning the criteria they use and their validity, However,



Guilford and Merritied (_1%0)(6“ used the following tests to measure the creativity of
learners:
I - The Apparatus Test: to determine what may be improved in the general
use of apparatus (e.g. chemistry discipline).
IT - Seeing Problems: learners proposals of problems in connection with
common objects.
IIT - Match Problems: making different patterns of matches that can be
removed to leave a specific number of squares.
IV - Topics If: writing as many as possible ideas about a given wpic.
V - Brick Uses: inventing various uses for a brick.
VI - Alternative Uses: writing different unfamihiar uses for common
objects.
VII - Gestalt Transformation: learners must list which of tive mentioned
objects has a part that will serve a particular purpose.
VIH - Object Synthesis: learners must name an object that could be made from
a combination of two specific objects.
Generally, the scoring of these tests would depend upon the number of acceptable

responses which the individual gives.

2.3.4.4  Some Ways in which 'Creativity' can be Used

During the literature discussion of this chapter, it was stated that learners may
create some unfamiliar usage of ideas in a way which leads to a new working
. : e 110 i62) . . . .
combination. However, Lucas (197177 summarised some ways in which creativity
can be used:
I - To make any change whatsoever.
IT - To generate new ideas from the usual pattern of thought.

HT - To produce new ideas or concepts about the discipline or the individual’s
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society.
IV - To produce a new formulation or meaningful pattern (for the individual).

V - To enrich the procedure of scientific investigation.

2,345 The Vital Components of Creativity

Creativity as a style of thinking is made up of two major components. These are
usefulness (or utility) and originalitylsg). Both of these properties must be found in
anything one considers to be creative.

Originality, on the other hand. could be defined as:

"I - New concepts.

IT - New combination of concepts.

HI - Standard application of new concepts.
IV - New application of old concepts.

V - Standard application of old concept.”

Creativity also necds the inunediate applicability and usefulness of ideas,
otherwise these ideas will be rejected by learners. Theretfore, the intellectual risk-tuking
which is involved in true problem-solving muay not be exercised.

Garrett (1989)‘59)

has combined utility and originality by drawing a diagram
between them as shown in Figure 2.1. A positive correlation between the axes
(originality versus utility) indicates the existence of creativity in a task. The degree of

creativity would be obtainible from the degree of positive correlation between

originality and utility.
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Figure 2.1 Garrett relationship between originality, utility and creativity.

2.34.6 Creative Thinking and Problem-Solving

A move towards enhancing creative thinking in problem-solving situations
occurred'® in the 1960's. The change of methods in science teaching moved towards
some emphases on creativity and therefore stimulated a need for open-ended liboratory
activities proving them as essential, during which learners would be involved in a
problem-solving situation. It is believed that a problem-solving situation could provide
the best opportunity for learners to develop their creative thinking.

To enhance creative thinking in the laboratory, a problem would be given to the
lecarner for which he or she has not yet learned a method of reaching a solution, or the
problem itself should not have yet been identified by the learner. It is assumed that
problem situations like this would encourage the development of skills which are

considered to be creative and original. Encouragement tor this kind of laboratory



(59. 60, 64-68)

activity may be found in several studies . Further details about open-

ended tasks and a problem-solving approach will be elaborated later in chapter three.

2.3.5 The Interaction between Students' and Teachers'

Students are thought to have criteria by which their teachers could be ranked as
convergent or divergent thinkers. However, these criteria may coincide with the
teachers' esumates of themselves and of each other. One the other hand. teachery'
identification of particular students as convergent or divergent thinkers would coincide
oo with the students’ estimates of themselves and of each other. These ideas are found

in Joyce and Hudson's (1968) study((’q'

, and suggest that teachers and students
probably do recognise personal qualities easily and consistently in themselves and in
each other.

A further concern may be expected concerning the effectiveness of the teaching of
convergent students by convergent teachers, and the teaching of divergent students by
divergent teachers. It was found that students who had low convergence scores or high
divergence scores tended to do poorly in examinations. if they were taught by
convergent teachers. These students were found to perform significantly better in some
examinations than in others if they were taught by divergent teachers.

Joyce and Hudson (1968)%% stated that "It does not always seem to be true that
like learns best from like : that convergent students learn best from convergent teachers,
and similarly, for the divergers”.

It seems beyond prcdiclion"m' what effect a teacher's thinking style will have
upon his students until his interaction with them has been studied once at least. The
nature of the interaction should be consistent from one year to next and in some

circuimstances may be stable over a longer time.
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2.3.6 What Sort of Thinking is Important to Enhance in the
Classroom?

The answer to this question will simply be that every kind of thinking style
should be encouraged by placing the student in a situation where he/she can and must
do such thinking. Convergent, divergent and evaluative thinking could be enhanced' "
if firstly. the teacher's questions are properly structured. that is to enable students to
give divergent and evaluative respenses. Secondly, the students should be properly
stimulated by the kind of questions teachers asked to allow students to give convergent
responses. In general. students learn to respond in ways that are directly related to the
kind of questions which teachers ask and to the things they are rewarded for.

Additionally, creative thinking would remain the most important outcome of
thinking styles. It should flourish in the classroom as in the laboratory. since it
represents the very essence of science. Teachers may play a crucial role in enhancing
creativity in classrooms. Penick (199())(69) has given several pieces of advice to
teachers in how creativity could be healthily grown in classrooms:

I -  Teachers must provide time, materials for and an expectation of creative
work. They must carefully and consistently structure the classroom to
maximise opportunities for creative thinking.

II - Teachers must ask questions which seek opinions and points of view, It
the teacher wishes to stimulate students” involvement and creativity, he
must never ask a question that he already knows a definitive answer to,
for which he requires no more than a Yes/No answer, and which requires
little more than recall..

III - Teachers must wait for responses after having given a question. They
must not pressurize students to rush into making hasty judgements.
Rather. students must be given time for observation, contemplation,

response and reflection. Moreover, teachers must wait for and encourage
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multiple responses.

IV - When teachers obtain unusual ideas, questions, or products from
students. they must accept that as a concomitant part of creativity.
However. teachers must not give judgement in these cases but only
acknowledge any answer or idea and hopefully ask for some development
of any idea or response.

V - Teachers must ask students to examine any assumed case as well as its
consequences. For example, if what you have said is true, why..? What
may have caused that and what will be its result?

VI - Teachers must allow students an opportunity to structure their activities
and make decisions concerning those activities.

VII - Teachers can build a model for creative thinking in the classroom by
asking questions themselves. expressing curiosity and allowing room for
stimulation.

In brief, the procedure of creative teaching in the classroom can operate at three
levels'™®:

"I - The teacher must be combining ideas so that they are in tune with mental
processes going on among the students.

Il - The student must be responding to the teacher’s stimuli by combining and
recombining their own and the teacher’s ideas in various ways. searching
for meaningful conceptual relationships.

III - The teacher must be receiving the student's ideas, evaluating them,
recombining them in yet other new ways, accepting them, shaping them,

and throwing them back to the students for further elaboration.”
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2.3.7 Creativity and the Shape of Science Education

It educators seek to promote creativity in science education, they ought to modify
the shape of science education in order to encourage students toward creativity.
Therefore, a number of suggestions may allow this' 7"

I - Science education must move from mere memorisation in the realisation
that memorisation must be accompanied by understanding through
problem-solving, like open-ended problems or scientific problems which
have more than one unique correct answer. Although the type of problem
that is found so often in textbooks requires one unique answer which is
not always characteristic of the way science actually works in practice.
There are also many problems which may arise in the course of searching
for new knowledge which is open-ended and not amenable to a closed
answer. Therefore, open book examination is an ideal means of
approaching creative problem solving which 1s at the same time a means
of reducing rote learning and sterile memorisation.

IT - Experimental methods should be encouraged in science teaching. This
suggestion would be valid if educators believe that knowledge is not
closed and therefore new ways of acquiring knowledge may be
demonstrated to the students.

ITI - A suggestion may be made concerning the content of science education,
the syllabi, the thesis topics, or the list of ‘prescribed’ courses. All these
elements could be considered to be of secondary importance when
compared to the training in research methods and the development of
attitudes to science. The science curriculum should therefore become more
flexible, without losing its need to have a core of required content.'*,

This type of curriculum would be beneficial in giving students a higher

degree of autonomy within the curriculum. The shift into a more flexible
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programme would develop better scientific methods in students than a
syllabus-bound programe which dictates limits for studying science.

IV - Another suggestion concerns personal traits such as motivation. It is
believed that being creative means being unconventional. nonconformist.
living one step ahead of one's time. As children grow up and may move
towards creating something novel may often mean unfortunately that one
encounters indifference. incredulity and sometimes even hostility from
society and from colleagues within the scientific community. Accordingly,
creative people must have very strong internal motivations enabling them
to be involved in scientific activities which any system of local education
should not deter. but rather assist and reinforce such inner motivations in
students. However, the concept of motivation will be discussed in greater
length later in this chapter.

V - Regarding the practice of creative science it can involve learners of any
age and 1t is essential to involve perseverance, skill and consistency in
carrying out a project from the point of conception to the final
implementation of it.

In conclusion. science itself must be viewed afresh as a novel and creative human
activity in order to allow creativity to be more effectively converted into achievements
and accomplishments. This view would allow some first steps towards the restructing
of science education and would allow us to do justice to science education as a field

which enhances and fosters creativity.



2.4 A Review of Students' Motivational Trai | Pref .
Sci Educati

Attempts have been made in the past to match science curricular structure with the
learner’s developmental readiness. intellectual ability and cognitive styles. But not
many attempts were found involving the motivational characteristics of learners in the
learning of science. Ausubel et al. ( 1978)"" reported "this estimate of relative
importance is only an expression of difference in degree. Motivational (and other)
characteristics are sufficiently important in school learning to engage our most serious
consideration if we wish to maximise .... classroom learning”.

74, 75 ' ; i
d' " that students’ motivation

However, some research in literature foun
could be enhanced towards learning in the context of school science education. Thus,
some issues concerning motivation will be briefly discussed in the remainder of this

chapter.

2.4.1

Educators seemed to focus on two areas related to motivation: the subject matter
. , . - 74
and the pedagogy. They believed that students’ motivation "~ could be enhanced by

studying and promoting such areas.

24.1.1 i hY Motiv;

In this area, some suggestions were made concerning the nature, structure and
presentation of the subject matter. It was found”* that the subject matter seem to be
‘remote’ from learners. Therefore, a suggestion was made arguing that subject matter
should be presented in different ways which would enable leamers to see it as more

beneficial and relevant. Eventually. this would create a significant relation between the



leaner and the subject matter in which he/she would feel anxious to attend science
lessons.

. (76-78
Several other suggestions' ’

were made seeking a connection between
science education projects and real life problems (applications and uses) to establish the

relevance and the nature of science.

2.4.1.2 The Pedagogy and Motivation

As a general principle, science teachers try to stimulate and motivate learners
towards science subjects. If this is true, teachers must use stimulating and motivating
teaching strategies, otherwise, they may not manage to achicve such objectives.
Teachers must direct'”* their pedagogical interventions and activities at learners to gain
a direct bearing on learners' motivation.

It is worth mentioning that although the orientation. nature and structuring of the
subject matter will primarily affect learners’” interest towards any science course, the
instructional procedures and learning environments which could be established by the
pedagogy, would be more effective on learners’ motivation in the teaching of

N (79
science .

2.4.2 The Instructional Procedure Concept

Orbach (1979)'*

found that students of varying motivational orientations would
respond differently to diverse instructional procedures. To approach an understanding
of what the different instructional procedures are, one must inevitably discuss the
interactions between teachers and learners which depend upon both the nature of their

) . S . . (81)
discussions and the activities in which they are involved ™ .

Building on this. several dimensions of different instructional procedures could

PR 8
be dxstmgmshcd' 2,
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I - The mode of knowledge acquisition which involves the discovery learning

procedure or expository teaching.

IT - The nature of learning experience which involves the theoretical or
experimental learning experience.

III - The control of learning activities which may be determined by the teacher
or by the learner himself.

IV - The control of learning outcomes which may again be determined by
either the teacher or the learner.

V - The working arrangements(m' which involve working individually or
working in a group to exchange learning, knowledge and skills.

VI - The evaluation of learners' achievement, which would involve regular
assessment by teachers or involve a preference for instructional situations
in which learners can express their dislike towards being tested or

assessed.

2.43

As stated earlier, motivational qualities of any instructional procedure were found
to effect substantially the function of such a procedure.

However, students’ different motivational patterns. interests and preferences were
also found to play a very important role in the procedures of learning and of
tcuchingm). If there is an interaction between teaching techniques and the students’
motivational patterns, a greater degree of learning may be accepted as occurring.

. . (84
It is believed®"

that when students are confronted with new learning
experiences, they meet them with different interests, values and motivations. Students
differ according to their preferences tor and responsiveness to different instructional

' that the

- o (21
features. Regardless of the actual context of learning, it is found
motivational patterns and preferences stay relatively stable in individual students. In

other words. these different motivational patterns and preferences can be aggregated



42

into clusters and therefore a study of them would be possible.
21 . . _ - .
Adar (1969)' proposed four major types of need or desire as providing i basis
for motivation to learn. They are: need to achieve, need to satisfv one's curiosity, need

to discharge a duty, and need to affiliate with other people.

2.4.3.1 The Achiever Student

In an attempt to study this motivational pattern of students and other patterns, the
rescarcher suggests a review of what was predicted, what was suggested in literature
concerning these issues and to highlight the main analyses. Thus, the character of
achiever students could be presented and summarised in the following ways:

I - Achiever students’ preferences for discovery and for pursuing their own
enquiry seem to be very high(x‘“ and it could increase with the growth of
students’ achievement in such tasks.

I1 - Although. achiever students have a definite prcfcrcnce‘“) for competitive
learning environments, they tend to avoid activities which may involve
more than a moderate risk'™°". It was suggested that these students select
easy or intermediate tasks to begin with, but choose tasks of progressively

87, 88 .
( ' It is worth

higher difficulty whenever they experience success
mentioning here that tendencies to operate in competitive situations could
(86) . ‘
lead to enhanced ™ learning outcomes.
. . . (89) .

111 - It is believed that there is a subtype ™ of achiever student who tends to
avoid failure with greater assiduity than they seek success. This subtype
of achiever does not like to be involved in competition with others for the
best performance in case of any failure. Thus, they feel uncomfortable in

facing achicvement-oriented situations.
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2.4.3.2 The Conscientious Student

This type of student has been subjected to several studies. Some predictions and
suggestions of this motivational pattern are summarised in the following:

I - One of the most distinctive characteristics of conscientious students is that
they are more teacher—dependem(s“) than students in other motivational
patterns. Therefore, they prefer a teacher controlled approach to learmning
which well structured, well ordered learning tasks. They can show a clear
preference for formal modes of teaching, with precise instructions to be
followed. Moreover. conscientious students would like every achievement
and progress to be supervised by their teachers.

IT - Conscientious students seem to accept the idea of discovery learning
provided that this kind of learning is linked to clear instructions and

(80, 90)
. Furthermore. they can show a preference toward tasks

objectives
which require a considerable amount of effort, such as learning by heart.
summarising information and solving routine problems or extracting

. . . . (86
information from given texts g

IIT - Conscientious students regard the need to study and learn as duties™®®
therefore failure for them would cause feelings of fear and guilt. They do
not require any sort of external stimulation to fulfill their obligations.

1V - A further apparent preference of these students is for group learning
activities® Conscientious students seem to accept this as a means of

gaining feedback and advantage for their own progress.

2.4.3.3 The Curious Student

. . . . . . . . 91 ..
Curiosity is considered as a cognitive scientific attitude ™. However, it is

another students motivational pattern which is summarised as follows:
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II -

I -

To summarise this pattern amongst curious students. Kempa and Martin Diaz

(1990)

a preference for being actively involved in learning activities that require them to

discover, to seek information and to make decisions. They evidently do not like to be

(83)

44

One of the most distinctive preferences of curious students is their liking
for discovery learning strategiesm'. Practical work or problem-solving
activities are seen as favourable to this pattern provided they are not
associated with precise instructions. Thus, curious students may be seen
at times as in opposition to non-experimental work and prefer open-ended
tasks.

These students dislike formal teaching in which no practical activity,

novelty, or discovery through one's own enquiry may be tound.

However. if the classroom situation presented complexity and novelty

they would be motivated™®® as that induces them to engage in exploratory
learning.

A further characteristic of these students could be drawn from their

general propensity towards open-ended learning. Curious students appear
willing to engage in a higher degree of risk-taking in their learning

. . (83)
compared to others because they seem to have a high failure tolerance ™.

simple ‘receptors’ of information which places them in the role of passive learners”.

2.4.3.4 The Social Students

The most important motivational features of social students is their tendency

towards seeking affiliation. The following is a summarise of of their characteristics:

I-

The general motivational characteristic of social students is their need to
affiliate' ™ with others and therefore their preference for involvement in

. o o , L .(84,90)
group work. They dislike being involved in individualised tasks .

In general, social students’ motivation increases when personal

stated "these observations, taken together, point to curious students having
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relationships are incorporated into the learning/teaching process.

0
) and

Social students often fear rejection in personal relationshipsl8
therefore they tend to avoid relationships which would bring about
uncomfortable feelings.

These students prefer learning in non-competitive environments'>>’

Regular testing signals such a competitive environment to the social
student which is not conducive to their progress.

Social students are very self-confident as to their success in the world of
personal relationships. Also, they like to be involved in group work.
Thus, the procedure of discovery learning suits them since it can be
organised in the form of group work.

It was suggested that social students prefer a triendly and informal

atmosphere in classrooms'®®'. They would like to have opportunities to
show their initiative and pursue their own enquiry. Dividing students’
motivational patterns and preferences into four categories does not mean
that:

there are definitely four motivational patterns only. nor it does mean that
all work in this area fitted students into the same categories as the present
study. However, several studies used more or less than four motivational
categories as well as a different nomenclature, depending on the objective
of any particular study. For example, students” motivational patterns have
been divided into the categories of success, social, dependent, alienated
and phantom students in Good and Power (1976,

a student will have only one type of motivation. The motivation of some
students results from the co-existence of different kinds of need:

therefore, a curious student can be social as well. and a social student can

. (86) .
be an achiever. and so on . In other words. some students exhibit
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mixed motivational patterns in which elements of one pattern can mix or
develop with those of another. However, Kempa and Martin Diaz
: 83) . . . . ,

(1990)'*" found a high proportion of the total students’ sample could be

fairly clearly assigned to one of the four motivational patterns.

2.4.4 The Relationship between Different Instructional Procedures and
Students' Motivational C|

Previous research in science education placed emphasis on the importance of the
power of different instructional procedures. Recently. attention has shifted onto'*? the
interaction between the motivating quality of instructional procedures and students’
motivational patterns.

In the light of this notion. it will be convenient to study the most significant
instructional procedures which associate science teaching and learning with students’
motivational patterns. These are discovery learning and problem-solving activities,
open-ended learning activity, formal teaching with an emphasis on information and skill

. . S (Th
transfer and collaborative learning activity

2441

The difference that should be reported between discovery learning and open-
ended learning is that the latter needs an enquiry-oriented instructional strategy
(discovery learning strategy) to be employed: whilst discovery learning does not require
the open-ended strategy as it can work even when learning objectives and goals are
fixed in advance.

Based upon Adar's (1969) workm', discovery learning and problem-solving
activities are practical orientations which are both designed for involvement both in
laboratory work or in some circumstances field-work'**". Thus, such tasks require or

invite high 'risk-taking' on the part of the learner. Accordingly, these tasks and
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activities would best suit the curious student type of motivational patterns since these
students are more likely to accept engagement in judgement and evaluation situations
(high risk-taking) than students from other patterns.

[t is reasonable to mention that in some laboratory work, students would neither
confront genuine discovery tasks and problem-solving nor would they require high
risk-taking'. Therefore, achiever and conscientious students would find such

laboratory work to be more appropriate for their trends.

2442 Open-Ended Learning Activity

Because this kind of learning activity will be discussed in detail in the next
chapter, 1t 1s worth considering the interacting aspect of open-ended learning with
students’ motivational patterns. In brief, open-ended activity seems to have no specitic
objectives as a part of those associating with project work or student research'2! Tt is
another kind of learning which requires students to engage in and practice high 'risk-
taking', judgement and evaluation situations, or even higher engagement's level may be
needed. Therefore, this activity is strongly preferred by curious students. At some
levels. open-ended learning activity would negate the role of the teacher who directs
students toward goals. Thus, it would not be surprising to see curious students only

from other motivational patterns who prefer this learning activity.

2443

Transfer

Routine teaching is the habitual form of teaching that takes place particularly in the
classroom, of which teachers are the main instrument. It could be described as the
. . . . (74) .
conventional or traditional instructional procedure. It was found "™ that achiever and
conscientious students prefer this type of learning activity which requires low level

risk-taking.
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2.44.4 Collaborative Learning Activity

Such a form of learning is best accomplished in a special atmosphere such as the
laboratory or interactive exercise. Practical work in laboratories can enhance social
relationships between students. Laboratory work could be organised in such a way as
to allow every individual to contribute to any successful procedure. This may also
require appropriate social skills for work with their colleagues. Thus, it is called a
collaborative learning activity. Games and simulation exercises are examples of such
learning activities.

Social students are recognised to have a positive tendency towards " ™ such
kinds of learning activity, particularly strong social motivational students who describe
collaborative learning activities as attractive. On the contrary, achiever students are
likely to be opposed to such kinds of learning activity.

Table 2.2 shows the relationship between ditferent instructional procedures and

: A . ,
students’ motivational patterns, quoted from Hofstein and Kempa (1985)™.
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Table 2.2

Relating instructional features to students' motivational characteristics,

quoted from Hofstein and Kempa (1985)7

Type of activity Exemplars Comment (suitabilityv/unsuitability)
Discovery/enquiry-oriented  Advocated in many science Suitable mainly for students with
leaming methods programmes developed in the ‘curiosity’-type motivational pattern.
U.S. and U.K. during the 1960s Insofar as problem-solving activities
Problem-solving and 1970s. For example. Nufficld are likely to require students to engage

O-level and A-level science courses. — in judgement and evaluation situations
{both tend to involve ‘high risk’
taking). these are dishiked by both

“achievers” and ‘conscientious’ students.

Open-ended leaming These are Tearning activities without — Strongly preferred by the ‘curious’

acuvities (student- clearty specifiable objectives (except — but not by other motivatonal groups

centred) those relating to scientific processes),  who prefer clear teacher direction as
L.e. those assoctated with project regards educational goals,

work or student research.

Formal teaching with Conventional ‘traditional” instructional — Preferred by “achievers and ‘conscien-
emphasis on information  procedures. involving frontal teaching,  tious” students because low level of
and skill transfer for example: with clearly defined risk-taking is needed only.

goals and objectives.

Collaborative leaming Games. simulations. For specific The myjority of games and simul-

activities examples see Educational Research  ation excercises devised for science
Council of Amernica (1971) and education are " interactive” and, henee,
Percival und Reid (1976). particularly suitable for learners wath a

strong social motvation pattern.
‘Achiever are likely 1o be oppaosed to
an involvement in this tvpe of

learning activity. though.
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2.5 Summary

The present chapter has dealt with three psychological factors assumed to have an
etfect on the performance of learners in science:

First, field-dependent/field-independent cognitive styles which may divide
learners into field-independent individuals who would readily break up an organised
input information and separate readily an item from its contexts, and field-dependent
individuals who would find difficulties in separating an item trom its context and would
accept the context as it is - what differentiates the two is probably the size of the "M-
space’ (whether or not it is dominated by irrelevant information) and specitically when
the burden of tasks was increased on the working memory capacity (as previously
discussed in chapter one in terms of the 'potential’ and "actual’ working space).

Secondly, the issue of convergence or divergence plays a significant part in
learning ability. Those who are convergent thinkers having thought processes which
lend themselves to a narrowing down of a problem to one idea, one given end. Whilst,
those who are divergent thinking in such a way that ideas may branch out, explode into
new shapes and patterns.

Ultimately. the aspect of motivation allows the further division of learners into the
four categories of the achiever, the conscientious learner, the curious and social learners
respectively.

Thus, it can be seen that the performance of individuals in chemistry as a whole
and particularly in practical problem-solving situations may be varied in accordance
with such psychological factors. However, this issue needs further investigation,

which will be expanded in later chapters.
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CHAPTER THREE
APPROACHES TOWARDS PRACTICAL INVESTIGATIONS IN
SCIENCE - PRACTICAL PROBLEM-SOLVING IN CHEMISTRY

3.1 Introduction

Having looked at learners’ cognitive styles and motivations, this research now
intends to focus on the importance of practical investigations in chemistry. Such
practical investigations are believed to be capable of generating and developing a great
deal of motivation and involvement in chemistry, by all learners of varying ability. The
purpose of the present study in its practical part will be to measure the relationships
between learners’ cognitive styles and motivation versus success in practical
investigations in chemistry.

Science was defined? as a conceptually organised body ot knowledge about
the material world. It 1s not only a discipline constructed of tacts, concepts and
principles but also a process which may clarity and unearth relationships in the universe
and seek explanations and new meanings for such relationships. The purpose of
science education should be to assist individuals in learning to approach their world
objectively and to develop solutions for complex problems. Thus, practical
investigations as activities can play a very important role in developing such concepts
and skills.

Woolnough and Toh (1990)"%"

emphasised that in science, teachers ought to
encourage students to learn a form of science which as nearly approximates the ways in
which a practising scientist works. Students must be aware of the way a practicing

scientist would work through their own first hand experience which should be as

important as having any other familiar experience in life. Therefore, in some part of
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practical work in science, it would be important for students to acquire experiences in

tackling problems similar to those problems that scientists may have'*®',

3.2 The Tendency of Learners Toward School Science

Educators have been trying for a long time to find out the difficulties in school
science which make children. of both high and low ability. leave school ignorant of or
even hostile towards science. It is worth mentioning that this problem has generated
many difficulties for scientific and technological industries”””.

Achievements in school science of both capable and less capable learners have
remained unpredictable. For example, Solomon (1986)‘% deduced and stated that;

“1-  less able pupils can be very interested in science.
2- achievements in science might fulfill, for some able pupils, an objective
other than the assuagement of interest.”

Two major issues have been suggested which could greatly intfluence the learners'
tendency toward school science, (1) the attitudes of children towards seience'™® 99’.
and (i1) the science curriculum in schools.

In the literature, so many ideas and assumptions have been reported about the
school science curriculum, which may present problems in implementation. For
instance, why give all children the same science curriculum? How could science differ
hbetween schools or from individual to individual? And so on. The recently agreed
assumption about what a science curriculum requires is that children are better
motivated and learn more successfully when the science curriculum focuses on their
immediate environment and community“m. It is evident that the main key to
successful learning lies with priority within the school science curriculum being
atforded to motivation and that this may be best achieved by acknowledgement of
experiences related to the everyday world of children'""?. Society would benefit best

if childrens’ skills and talents are tully devetoped.
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The attitudes of children towards school science would be improved by the
development of a science curriculum which took into account motivation. knowledge
and an understanding of children. Science curriculum may be regarded as a vehicle for
the attainment of other educational goals.

Generally, several studies" 1% in the school science curriculum field suggest
new coherent designs for the science curriculum capable of ensuring scientific literacy
for all children. Moreover. it was suggested‘w& that such a curriculum must contain
problem-solving and investigations which could pave the road for the application of
knowledge, understanding, skills and tactics to engender genuine investigations.

The trend towards practical investigations in school science must be encouraged
and provoked by involving children in scientific investigations which have a certain

amount of interest and knowledge.

The history of practical work in school science began at the end of the last
century. Different views have emerged over the last century about how practical work
should be conducted in school science. However, the overall view tends to be (1)

106) -
( of

enthusiasm for a greater amount of such work or (i1) may involve the dismissal
practical work as time consuming.

In literature. some views have recently started to realise the important role and
have perceived the educational benefit of practical work. For example, it is believed that
practical work in the laboratory is an essential part of the school science syllabus in
such subjects as chemistry. It provides an opportunity for learners’ development from
concrete situations to abstract ideas. Laboratory work could be described as a vehicle

o L : g o (107)
for the arousal of curiosity and an appreciation of aesthetic aspects of chemistry .
- . : (108)
I'hree main purposes for practical work have been suggested ; to develop

understanding of concept, to develop practical-manipulative skills, and to train learners’

enquiry skills.
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Nevertheless. the much of practical work that has been conducted in schools is
still seen as ill-conceived. confused and unproductive. It therefore provides little of real

educative value. In the light of this. Hodson (1990)' 1%

stated that "for many
children. what goes on in the laboratory contributes little to their learning of science or
to their learning about science. Nor does it engage them in doing science. in any
meaningful sense. We need to ask. as a matter of some urgency, how this state of
affairs has come about and, more importantly, what we can do to remedy the situation.”

- .10
In a cnitucal review

% the role of practical work in school science could be
gathered into four major categories:
I - To motivate children by stimulating their interest and enjoyment.
IT - To teach children practical skills.
I - To promote in children the leaming of scientitic knowledge as well
as providing them with an understanding of scientific methods and
to develop their expertise n using it.

IV - To develop certain scientific attitudes in children like open-

mindedness. objectivity and their willingness to suspend judgement.

Although, pupils’ interest and satisfaction do not always increase when the
amount of practical work in science is increased. pupils do regard practical work at least
as a less boring activity than other methods, although it is not always enjoyublc”“)'.

In practical work. the notion of motivation would be more valid if pupils were to
be engaged in exciting and interesting tasks. Moreover, enthusiasm could reach a high
level if for some pupils were to pursue their own investigations, in their own way by
direct inquiry-orientated experience. Such methods are believed to be close to pupils’

(111, 112)

natural forms of thinking . One might therefore be critical of what is going on

in almost all schools, when pupils have to investigate the teacher’s problem, tollowing
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the teacher recipe.
As stated, motivating children will depend on stimulating their interest. excitement

and curiosity. Curiosity itself was divided''""

into four major types according to the
cognitive development stages of the human being. Each type would be characterised as
a particular stage of cognitive development. These tvpes are: manipulative, perceptual.
conceptual and curiosity.

Educators must realise, in designing practical work in science, that young learners
would easily be stimulated by the opportunity to manipulate apparatus or to make
observations. whilst old learners would need much more to be stimulated, by means
such as the exploration of ideas, the investigation of inconsistencies, or the
confrontation of problems. It would be unrealistic to anticipate that all learners would
be motivated by same stimuli.

This fact may indicate that motivation in school science is not guaranteed by
simply doing practical work unless the people who design these activities ensure that
they ure capable of generating interest and excitement, and allow learners a measure of
self-directed investigation. It also indicates that there are other techniques needed in

. . . . . (109)
science lessons which may have high motivational value .

3.3.2 Learning Practical Skills in Science

Laboratory practical skills can be divided'!®®" into two sets of skills: a set of
‘content-free', and a set of ‘craft skills’.

In chemistry as a science subject, the craft skills would be represented in using
successfully certain apparatus, such as a burette or a pipette or would be represented in
using successfully certain techniques, such as titration or filtration. However, these
skills were found to be untransferable to another laboratory situation like the biology
one, for example. It is even difficult to use these particular craft skills in a non-

laboratory situation if an application of practical skills is required. Moreover. there was
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some evidence that after training learners to acquire such skills for several years, some
learners remain unable to perform even simple laboratory proccdures(lMl
satisfactorily. It is worth mentioning here that the aim of this critical review of the craft
skills is not to abolish such skills from being acquired by learners. Rather, it is to
underline the importance of the first set of skills. the content-free skills.

Content-free skills are encouraged to be acquired by learners because they are of
value in the pursuit of other learning, and such skills should be developed to a
satisfactory level of competence. In terms of skill development, it is important to
emphasise that the acquisition of such skills is necessary if learners are to engage
successfully in practical work rather than the opposite. In other words, it would be a
mistake if practical work aims to provide learners' """ only with certain practical skills.

Any practical task in the laboratory may be assumed'™® to have four phases
which must be followed by learners in order to reach a solution. Each phase requires
various practical skills (content-free skills) to be employed by learners to execute
successtully any particular phase and to move to the next phase of a practical task. The
phases with their practical skills are shown in figure 3.1. If the learner is confronted
with a laboratory practical task. he would need the following skills:

I - In the planning und designing phuase a learner will require, first. a
formulation or definition of the problem. Secondly. a prediction of
the result will be needed. And finally, the learner must formulate a
hypothexsis for investigation. In the latter stage of this phase. the
learner should design his observation or measurement procedure.

Il - In the performance phuse a learner will need certain practical skills
such as manipulation, making decisions, observation and reporting
data.

I - In the analvsis phase practical skills, such as putting data in tabular
form, graphing them, explaining relationships and searching for

generalisations, are required from the learner.
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IV - In the application phase a learner will require predictions for the

present situation, the formulation of new problems (questions)

should be investigated. using the concepts and skills which are

already acquired in new situations, and finally the application of these

In new situations.

Planning and Design

Formulates a question or define
problem to be investigated

Predicts experimental result
Formulates hypothesis to be

tested in this investigation

Designs observation or measurement
procedure

Performance

Carries out qualitative observation
Carries out quantitative observation
or measurement

Manipulates apparatus: develops
techniques

Records result. describes observation
Performs numeric calculation
Explains or makes a decision about
experimental techniques

Works according to own design

The laboratory practical skills quoted from Lunetta (1988)

3.0 Analysis and Interpretation

3.1a Transforms result into stanform
(other than graphs)

3.1b Graphs data

3.2a Determines qualitative relationship

3.2b Determines quantitative relationship

3.3 Determines accuracy ot experimental
data

3.4 Defines or discusses limitations and
for assumptions that underly the

3.5 Formulates or proposes a gencralis-

ation or model
.6 Explains a relationship

3.7 Formulates new questions or defines
problem based upon result of
investigation

4.0 Application

4.1 Predicts based upon result of this
investigation

4.2 Formulates hypothesis based upon
results of this investigation

4.3 Applies experimental techniques to

new problem or variable

94)
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3.3.3 Learning Both Scientific Knowledge and the Methods of Science

Although the teaching styles of practical work may provide a good opportunity
for learning scientific knowledge. empirical evidence revealed that the teaching styles of
laboratory work/discussion are important in respect to the development of laboratory
skills but is not significantly superior to other teaching styles. such as
lecture/discussion; lecture/teacher demonstration/discussion' ',

In a critical study”m, learners seem to perform experiments with only a
rudimentary idea of what they are doing and with no understanding of the purpose of
such experiments nor with understanding of the reasons for the choice of procedure.

It is believed that practical work also teaches learners about science™" and its
methodology. One aspect of practical work is discovery learning which is an effective
way of learning science and the methods and procedures of science. However. learners
would not acquire new concepts if they were engaged in unguided open-ended
discovery learning activities. Such activities without guidance may lead learners to

i : (101
unanticipated results and to discover

an alternative science. Consequently,
teachers often inform learners that they have got the 'wrong result’ since such
discovery is not among the teacher's goals”m in the acquisition of the particular of
scientific knowledge. Thus, uninformed observations do not and cannot lead to the
acquisition of new concepts. Practical experience can not provide conceptual structures.
Instead. the conceptual structures would give meaning, purpose and direction to
practical experiences. In conclusion, theoretical consideration must precede
experimental inquiry. This argument is in favour of designing a new style of learning
cxperience'““ which takes into account the philosophy and sociology of science,
from one perspective, and the awareness of how learners acquire concepts in science,
from another perspective. Both perspectives indicate the importance of prior theorising
and the exploration of existing ideas as the necessary precursor to practical

investigation.
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Finally, the emphasis that should be made is not on encouraging learners to leam
about the methods and processes of science. but on using the methods and processes of
science to investigate phenomena, solve problems and to follow interests that learners
have chosen. Wherever possible. open-ended projects are recommended for learners to

be engaged in during the science course, and such activities should be available to those

(11n

learners who evince an interest in participating in real science

3.3.4 Devel

Scientific attitudes could be defined' " as attitudes toward information, ideas
and procedures which are essential for practitioners of science. Open-mindedness, a
stance which is value-free and a willingness to suspend judgement are all scientific
attitudes which it may be hoped will be adopted by learners. These attitudes are
transferable to other areas of concern. Unfortunately, the practical work which has
already been incorporated in school science does not provide learners with access to
such attributes.

Teachers must realise that children, in starting a new topic in science, often have
their own scientific views which are often at variance with scientsts’ views. Children

(121-123)
are often very reluctant to renounce

these scientific views. They use their
own science in every day life and are capable of reproducing ‘otficial’ science when
required, particularly in school. Therefore, a different view of teaching and learning
procedures in school science must be taken into consideration. Such a view should be
based upon developing and modifying, rather than replacing children’s ideas.

An appropriate reference ought to be made in this section to the image that may
encourage children to choose science. Educators ought to show children that' 1"
"scientists can be warm, sensitive, humorous and passionate or -more importantly- that
warm, sensitive, humorous and passionate people can be scientists™

(124

Finally, Shulman and Tamir (1973) suggested a number of goals for

laboratory instruction in science education. These are:
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I - Arousing and maintaining learners’ interest. attitudes, satisfaction,
open-mindedness and curiosity in science.

IT - Developing the creative thinking and problem-solving ability in
learners.

HI - Enhancing both scientific thinking and method like formulating
hypotheses and the making of assumptions.

IV - Developing conceptual understanding and the intellectual ability of
learners.

V - Developing learners' practical abilities, such as designing and doing
investigations in science as well as developing their skills in
observation, recording data, analysing results and interpreting
results.

While Anderson ( 1976)“25' suggested that the goals of practical work are:

* developing learners’ knowledge about the human enterprise of
science as well as enhancing their intellectual and aesthetic
understanding of it.

*  developing learners’ inquiry skills in science and make such skills
transferable to other spheres of problem-solving.

*  helping learners to appreciate and in part to emulate the role of
scientists.

x  helping learners to fertihize their appreciation of the orderliness of
scientific knowledge so as to understand the tentative nature of

scientific models and theories.

3.4 Problem-Solving and Open-Ended Investigations

. A S . 108) - -
I'he term investigation is defined as "an experimental study that requires

first-hand student participation and leads towards providing evidence that permits a
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question, posed at the outset, to be answered". An investigation may be executed by an

e . L (126, 127)
individual or as a group activity. It mainly involves

enquiry and exploration
procedures. Both the laboratory as well as the library are possible places for
investigations to be carried out. Thus, some investigations would be treated in the
library as theoretical, whereas others would be treated in the laboratory as practical
investigations.

The conclusion which may be drawn here is that investigations are not necessarily
experimental. However, the practical investigations that are carried out in school
science do not provide what is assumed to stimulate the growth in children's thinking.
Instead, such investigations in schools only provide "recipe-following" practical

activities.

3.4.1 The Aspect of Problem-Solving Investigations in School Science

Four main aspects seem to be relevant to the effectiveness of any problem-solving
situations:
I - One of the vital aspects of problem-solving situations is the nature
and the style of the problem-solving question which would be posed
at the out set of any investigation. In a problem situation, the posed
question would influence the possibilities of approaching a final

8. 129 ‘ .
28 129 However, some problem-solving work in

solution

. . cee 108) . PR

science identified as difficult when placed in the questions

format. for example. the measurement of the surface tension of
liquids.

IT - Another aspect of the problem-solving situation 1s related to where

the problem originates. The problem could be posed by the teacher,

the learner or both of them. Therefore, the scope and nature of the

work as well as the learners’ performance could be influenced



I -

IV -

3.4.2

This kind of practical work refers'' ™" 1o the outcome of any particular work
when there is more than one solution or answer. The outcome of such investigations is
therefore not decided before the work is undertaken. In contrast, closed-ended
investigations refer to investigations when the outcome of the work is decided from the
tirst. often before the work was undertaken. There is a third type of investigation which
fills an intermediate position between closed-ended and open-ended work. Such
investigations are called pseudo open-ended

open when in reality they are intended to produce a single outcome. The pseudo open-
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positively if learners were to recognise the source which posed any
given problem (the question).

Learners must be aware whether a problem has been developed by
the teacher, who is already aware of the solution or if it is a problem
which has arisen as learner and teacher follow an inquiry and must be
solved by both an interaction. It is beneficial to allow learners to
understand such facts in order to encourage achievements in a
problem-solving situation.

The problem itself may have more than one unique solution. Some
practical problems would potentially have a number of solutions and
approaches. Such problems must be encouraged and promoted to

enhance learners’ ability to progress in open-ended situations.

(130

ended investigation was considered to be convergent practical work in nature.

From the previous section of this chapter. it becomes obvious that the teacher will

0 " . 7

. These investigations appear to be
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have a very important role in the practical problem situation. It is therefore worth
studying the effectiveness of the teacher-leamer interaction with the degree of open-
endedness of the investigation.

(108) . . ‘ e :

Lock (1990) has illustrated in a diagram (shown in figure 3.2) such
interaction with its influence on open-ended, closed-ended work. The diagram
comprises two intersecting axes, the vertical one represents the continuum between
open-ended and closed-ended work, while the horizontal axis represents the continuum

between teacher-directed and student-centred approaches.

Open-ended

® ©

Teacher- /B\ Student-
directed A\G j centred

®» ©® O
Closed-ended

Figure 3.2 Lock's diagram to illustrate types of practical work in relation to teaching

(108)
style and open-endedness of work™

Six positions distributed on all over the diagram represent different styles of
practical work in relation to the position which they occupy. In general, the practical
work located at the lower half of this diagram refers to that work which follows any

theory or hypothesis that has been previously presented to learners, in order to confirm
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the theory or the hypothesis practically:

I-

II -

I -

IV -

Position A: This kind of practical work is the most familiar one in

school science. For example, when the pupil is asked to show that

pure water will boil at 100°C. The outcome of such an experiment
(practical work) is unique and determined by the title. The procedure
might be decided by the teacher or, in some circumstances. it is the

teacher himself who would carry out such an experiment.

Position F: The practical work shows in this position a balance

between the teachers and pupils input. Pupils would be allowed to

carry out an experiment which was designed by themselves, but the
teacher may then interrupt suggesting another approach to the

experiment which he assumes to be superior and ought to be adopted
by pupils.

Position D: This kind of practical work 1s not so often used in school
science. A teacher may ask his pupils to plan and carry out an

experiment or a series of experiments in order to show that, for

example. snow, ice. and steam are all the same substance. This kind
of practical work is considered as problem-solving since pupils are

not told how to carry out such an experiment. Nevertheless,

experiments like that mentioned are located at the closed-ended

position in the diagram.

Position B: The practical work involved in this position is the pseudo
open-ended work (closed and open-ended investigations). It is

called, sometimes, a guided-discovery approach to practical work.

For example, the teacher poses his pupils a problem in which pupils
have to ask several questions in order to lead them to an interpretation
of the results that they have obtained. The teacher knows the outcome

of the problem but his pupils do not. Such an environment has been
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encouraged elsewhere ! as a useful device in school science.

V - Position E: This type of practical work is not so often found in
school science. It is a practical problem which is teacher directed but
open-ended. The main reason behind not using such practical work
in schools is that teachers do not want an undesirable outcome to
emerge when it may be achieved. A wide range of solutions could be
obtained sometimes from this kind of work. However. such practical
work would be beneficial in learning certain techniques or
experimental methods. For example. pupils are given a liquid which
contains two other chemicals, they were asked to separate these
chemicals from each other. The teacher may provide pupils with a
certain procedure to tackle the problem. such procedure is therefore
called recipe-following. Such activities aim to let pupils acquire a
degree of familiarity with the techniques that have been employed.
"In such situations the collation, evaluation and interpretation of
results can be devolved to the students without serious worries of
whether misconceptions are being fostered or reinforced™ 108

VI - Position C: The practical work in this position is not uncommon in

school science. This kind of practical work is considered as an ideal
type for open-ended and problem-solving principles. It may involve
everyday life problems of pupils and may not be novel for them.
However, such practical work is a new element in school science, it

3 .
1 “. But, a word must be said

has been there since the early 1970s

here and that is the design of such work requires much care from

teachers and educators compared with other types of practical work.
Generally, in the school science curriculum, there is enough room for all styles of

practical work (located in all positions) to be exercised. Building on this, it would

therefore be important to allow pupils to gain a variety of experiences through trying



66

out different styles of practical work. Even greater benefit could be obtained if teachers
were to inform pupils of the varied nature of investigative work and therefore pupils
would not become anxious about what they are learning.

Some types of practical work which are located at certain positions could easily be
moved to other positions. For example, the experiment involving pure water (boils at
100°C) which was located at position A but could be moved into position D. if teachers
were to ask pupils to determine the boiling point of pure water independently without
any instructions. Teachers may control the movement of different practical work styles
from a position into another one, moving then in accordance with whichever is more
beneficial for the training purposes of their pupils. However, it is worth mentioning
that it would not be impossible to have practical work which fits more than one position

in Lock's diagram.

3.6 The Tea

Could it be that teacher-directed practical work is more important than learner-
centred practical work or would the opposite be true? Has the cooperative activity
shared between the teacher and the learner any advantages for science education or not?

Such questions must be treated tentatively in science education. As seen earlier,
every kind of practical work has particular benefits so that some elements in any
practical investigation would benefit best if they were teacher-directed, others if they
were learner-centred, whilst the rest of the elements would be most effectively used in
cooperative activity shared between teacher and learner.

Lock (1990)'108' has given seven elements involved in any practical work.
These are; area of interest, statement of problem, planning, determination of strategy,
carrying out of practical work, collation of results, and evaluation/interpretation of

results. Lock drew a variety of situations in which control over such ¢clements 1s

divested in learners or teachers. These situations are shown in table 3.1.
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Table 3.1

Hypothetical practical work situations identifying student or teacher control over

elements of the work''%®

Situations with variety of teacher/Student
control over elements involved |
Elements involved in w |
practical work 1 2 3 4 5 6 | 7
Area of interest T T @ S
Statement of problem T S S
Planning T S S
Determination of strategy T S S
Carry out of practical
work T/S S S
Collation of results T S S
Evaluation/interpretation g N
of results T )

In brief. studying those elements of the practical work versus various situations, a
teacher's control will be seen overwhelming across situation 1. In situation 2, the
learner may be given the opportunity to train and develop his skills in carrying out the
experiment as well as given control over the collation of results. Situation 3 may require
a greater contribution from learners by discussing, perhaps in small groups, their ideas
with the teacher for a final single strategy derived mainly from the teacher himself with
some contribution hopefully from one or two learners. This approach is good for
planning skills but it has not practically a great advantage because 1tis often carried out
in a pencil and paper mode. It could be stated here that the design of such experiments
would be dominated by the teacher's suggestions determine the learners” interaction
with the materials/trial experiments such instructions influencing the proposed designs.

Situation 4 allows learners to carry out their own designs and ideas. Although,

such practical work may result in some inaccurate or irrelevant conclusions, with
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teacher control over the evaluation of results none of this would matter. Situation 5
gives learners the opportunity to interpret the outcome and results of all experiment.
Therefore. it is possible that learners may acquire an alternative understanding to that
expected during the work because this situation leaves open the interpretation of results
to the learner. These alternative ideas could be reinforced by lack of teacher control.
However, this procedure, as a consequence, would contribute, to some extent. in
understanding certain concepts of practical work.

Situations 6 and 7 are the most extreme situations that would be under learners’
control {learner-centred). Situation 7 would even give learners an opportunity to choose
an area of interest (topic) for practical work, while situation 6 may allow teachers to
chose any particular topic for investigations. Learners in situations 6 would therefore
get advice. and consult with teachers before starting the actual practical work under the
learner’s control.

It seems prudent to mention that the above situations are important in school
science with different effectiveness and acquisitions of skills and concepts. However,
in recent years, educators have begun to encourage practical work under learners’

32,133) . .
(132,133 in school science.

control

Learner-centred practical work demands a larger amount of effort, requiring more
time than conventional work. The science curriculum must also be assessed under
certain circumstances to focus on those particular issues which regard learners as an
important body - such issues must be allowed primacy in the curriculum. Moreover,

specific training would be needed for the designers as well as the participators in the

science curriculum to facilitate the adoption of practical work.

3.7 How to Make the Practical Work More Open-Ended?

Lock (l‘)‘)())(m& suggested five steps towards making any practical work more

open-ended. He specified five questions shown in table 3.1 a5 steps towards open-
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endedness and which are identified by the bars labelled A to E. These steps (bars) can
be characterised by the questions below and may make practical work more open-ended
and so more learner-centred;

" A - Who defines the area of interest?

B - Who states the problem?

C - Who does the planning?

D - Who decided on the strategy used?
E - Who interprets the results? "

It is noticeable from table 3.1 that one bar has been left unidentificd because it
represents the break between teachers or learners control over carrying out the practical
work as well as the collation of results, which has no significant implications for
making the work more open-ended or learner-centred.

In some circumstances, Lock’s steps form a hierarchy as shown:

(base) C __) D _% E _} B __) A (apex)

Teachers seem to be less reluctant to depart from some aspects near the base of
this hierarchy, like C and D (planning, determining strategy). as such departures evince
a move from teacher to learner control. However, Lock has emphasised that such an
assertion cannot bear close scrutiny. Learners can participate in identifying an area of
interest (A). and at the same time, teachers can set up the strategy which would be used
(D). in addition to the statement of the problem (B).

If more open-ended. learner-centred practical work were required in science,
answers to Lock's questions (steps) should be ‘learners’ or usually ‘learners’.
Nevertheless. in planning lessons, if one or two answers to such questions have been
learners', it is still important to go ahead with these situations for a certain benefit ie.
the lessons will be focused on the skills involved in the particular aspects which
dominated those questions, for example, planning out or deciding between a range of

different strategies in order to determine which strategy or strategies are most relevant.
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38 Mini-Proj Model of Problem-Solving Activi

Research has been conducted”“’

at the Centre for Science Education, the
University of Glasgow which aimed to invent a design for practical work activity at
Scottish secondary schools (Standard Grade Chemistry Courses). The outcome of this
work was called "Mini-Projects” in chemistry.

The main reason behind the production of such work is to engage pupils in
creative experimental work that would assist them in improving chemical skills,
techniques, knowledge and understanding towards chemistry in the syllabus as well as
the chemistry in nature.

Hadden (1990)‘25' claimed that mini-projects had an extensive motivational effect
on young pupils. As was stated before, teachers should stimulate pupils' creativity by
engaging them in activities which have motivational effect. Therefore, mini-projects
may add a significant teaching tool to a teacher's professional repertoire. The use of
mini-projects may require a teacher’s persuasion skills to encourage the motivation of

pupils. In addition, mini-projects are essential in training the thought processes of

pupils when they are asked to conduct scientific methods.

3.8.1 The Description and Design of Mini-Projects

The one hundred chemical projects that constitute mini-projects have been

. . . . 34 ,
presented in two accessible booklets. The first booklet contains 60 proJlects(l ' while
the second one consists of the 60 projects of the first booklet plus another 40

projects"BS’

. Each project has been submitted in two sheets, a pupil's worksheet and a
set of teachers' notes sheets, the former comprises of:
I - A statement of the problem that has to be solved by the pupil.

II - The essential apparatus or chemicals for introducing the problem to

the pupil, such as a test tube of unknown solution or a chemical
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sample in a beaker.

HI - Other apparatus would be supplied for pupils on request. This is in
order to create a problem, because apparatus may express the
physical aspect of a problem and may provide the pupil with some
visual guidance.

IV - A space in the sheet after the statement of the problem for pupils to
re-write the problem in their own words.

V - Another space for their initial plan to tackle the problem.

VI - A space for pupils to write how they intend to carry out the work.

VII - The remaining space in the pupils’ worksheet (the back of the sheet
too) is intended for the pupil's conclusions, results, written method
and diagrams or pictures if such are required.

The teachers' notes sheet comprises of:

I- A list of apparatus which is needed or may be needed by pupils
during the experiment.

II - The possible strategy of solution to the given problem, which could
be used as a teaching guide.

IIT - Some advice for safety precautions if any.

The design of each project in the mini-projects booklet presems(ZS) a problem
which has carefully been set up in order not to give any indication about its procedure.
It requires practical work "at the bench”. Pupils must use their various skills,
knowledge and techniques which are acquired during the chemistry course at school to
tackle such problems. Several types of problems are involved in the design of the mini-
projects booklet e.g. open-syllabus based: closed-syllabus based; open-everyday in
nature, closed-everyday in nature and real world simulation problems.

Each individual problem may possibly be solved within an hour including time
for pupils' writing up. Mini-projects activities involve open text books. data books and

pupils' notes.



3.8.2 Examples of Different Problems Involved in the Mini-Projects
Booklet

As stated in the past section, there are five types of problems involved in the
design of mini-prejects. These are:

I - Open, syllabus based problems which may have more than one

unique method for the correct solution. For example, the participant
may be asked to find the best way of keeping the zinc metal from
corroding in the blue solution. (Zinc and copper [1I] sulphate solution
provided, nail varnish, paint, various metals, and so on are

available).

II - Closed, syllabus based problems which should have a unique

method for the correct solution. For example, the solutions in test
tubes 1, 2, 3 and 4 contain barium chloride, copper [II] sulphate,
dilute sulphuric acid ("hydrogen sulphate acid") and sodium chloride
but not in that order. You have to find out which test tube contains
which solution. (No other chemicals are issued).

III - Open, "everyday" based problems which involve domestic materials

such as household liquids or powders. These problems may have
more than the unique method for the correct solution. For example,
you have to find the best detergent solution for car windscreen.
(Various detergents are provided, oil, grease, soil, salt, microscope
slides and so on are available).

IV - Closed, "everyday" based problems which involve domestic

materials such as household liquids or powders, but which should
have a unique method for reaching the correct solution. For example,
you have to find the volume of air contained in a piece of Aero

chocolate. (Apparatus for melting, and measuring cylinders
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available).

V - "Real world" simulation problems which are similar to those

problems that professional chemists may have to deal with, such as
corrosion or pollution. For example, a new ore has been discovered.
You have been asked to find if any valuable metals or gases can be
produced from it for the chemical industry. (Provided: "Ore" which
is a mixture of CaCo3 and CuCojy set with a little portland cement and
cement-colouring agent available : Various reagents, flame test

apparatus, and so on).

3.8.3 The Consistency of Mini-Projects with Educational and

The work of mini-projects has been chosen for the practical part of the present
research as a body of chemistry in order to study pupils’ performance in such work
compared to their classification in psychology (what they have scored in tests related to
some psychological factors which have already been discussed in the previous chapter).

It was found'" that some learners who, while being classified as 'weak' in
chemistry, according to their scores in conventional chemistry examinations, may be
able to perform well in activities which involve practical problem-solving in chemistry,
especially in tasks which required the use of the learners' creative thinking.

In experimenting with mini-projects in schools, it was found'? that 'weak’
learners did astonishingly well in such projects. In fact, this most closely approximates
the researchers' previous findings and therefore mini-projects could be used in the
present study as an ideal means of presenting chemistry at the bench.

As a body of chemistry, mini-projects are frequently compatible with what this

25)

research requires for its practical part. Hadden (1990) ™" reported "pupils who had

been assessed as low performers in traditional written examinations in chemistry, often
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did surprisingly well in practical problem-solving. (The reverse was also true in some
cases). It may be that the use of mini-projects allows some 'low ability’ pupils to
perform better in a dimension which is more compatible with their inherent gifts. The
lack of transferability of theoretical knowledge acquired by 'high ability’ pupils to the
realm of practical application may also have been exposed".

The philosophy of mini-projects concurs with other studies in psychology and
education. Each project is a simple statement which would avoid any overload of
information'>). Moreover, each project can be executed in an hour, therefore, it is short
in time which may allow frequent use by pupils“m.

Finally, it is worth mentioning that mini-projects practical activities aimed to find
a niche for themselves in the Standard Grade Chemistry course in Scottish secondary

schools.

3.9 Some Views of How to Assess Practical Work in Chemistry
Science

In any particular topic in chemistry, if pupils have conducted a practical
investigation, they must be then given a reliable indication of what has been achieved.
In other words, an assessment should be made in order to promote pupils' learning in
such a topic””'.

From reading in literature, it is evident that the most important feature of the
practical work which makes it different, in some measure, from non-practical work is

{138, 139) It

that the practical work involves both manual and intellectual abilities
involves practical skills (manual) which would be acquired throughout the actual
practical work in the laboratory as well as during training and practical intellectual
abilities which concern the understanding of any particular subject in science.

In some literature, the manual and intellectual abilities are defined as processes

1 1 ) : [ H [ . 1 1 .
skills' 14 141 hich may be divided into 'macro process skills' and 'micro process
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oy (142
sk;lls(1 )

, these will be explained later in this chapter.
In the following overview, the researcher intends to summarise the assessment of
manual skills. However, greater emphasis will be given to that other part of assessment

which concerns the intellectual ability of pupils in doing practical investigations.

3.9.1 Manipulative Skills in Practical Chemistry

Manipulative skills could be identified as skills which are involved in the form of
constructing apparatus such as using a burette, or using a pipette. or handling a gas
syringe, or setting up a distillation apparatus.

143 )
( ), two main factors should be taken

To assess any particular practical skill
into consideration; (i) the components of that practical skill; (i1) and the achievement
criteria which will be used as reference standards in the general assessment operation.

Buckley and Kempa (1971)'1*

broke down the area of manipulative skills into
sub-areas in order to specify for each sub-area generalised performance criteria. A
breakdown analysis of manipulative skills is shown in table 3.2.

Reading table 3.2, it is possible to comprehend that some major operation criteria
were set up (in the table) relevant to their assessment. Each general criterion will require
further amplification in accordance with any particular practical task that would be
carried out in the laboratory.

There are three different modes of assessing manipulative skills:

I - One of the most relevant tasks in assessing manipulative skills by
direct observation is to form a general impression of a pupil's
performance in the laboratory, by noting his strong and weak
performance points, and the teacher eventually may translate the
impression gained into a point on the /-5 rating scale. This kind of
assessment may be described, to some extent, as a subjective

(144)

assessment and sometimes is called the open-ended mode

because it depends upon personal judgements. Subjective judgements
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are usually varied as a result of inaccuracies and the personal biases

of the assessors.

Table 3.2

(144)

Component Genealised criteria/Performance features

Methodical working

Correct seauencing of tasks forming part of an
overall operation

Effective and purposeful utilisation of equipment
Efficient use of working time

Ability to develop an acceptable working procedure
on the basis of limited instruction

) Correct handling of apparatus and chemicals
Experimental Safe execution of an experimental procedure

technique Taking of adequate precautions to ensure reliable
observations and results

Manual dexterity

Swift and confident manner of execution of
practical tasks

Successful completion of an operation or its
constituent part-tasks

Tidiness of the working area
Orderliness Good utilisation of available bench space
Organisation in the placing of equipment used

II - The second mode in assessing manipulative skills is by using a

I -

check-list which comprises of different performance criteria that
would assess a pupil's overall practical skills. It aims to obtain an
objective assessment since any check-list would contain many
specific points about manipulative skills involved in any particular
practical task. Nevertheless, objective assessments of manipulative
skills are fairly difficult to accomplish.

The third mode in assessing manipulative skills is called an
'intermediate’ mode. It is intermediate between the two

aforementioned modes above of assessment. In this mode, "the

subjective impression-based form of assessing skills is retained, but
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it 1s applied to the main components of the manipulative skills
domain (as shown in table 3.2), instead of to the practical task as a
whole". Examples from each mode above are exhibited in figure 3.3

(1, 11, III), quoted from Eglen and Kempa's (1974)143 study.

Grade awarded O

Major manipulative abilities looked for in the operation

Features in the student's performance used for the grading

Figure 3.3 (I) An example of the open-ended schedule.

a - Methodical working GRADE
e.g. in the washing of glassware; in the transfer of solid and O
of solution; in the processes of rinsing and diluting; in the
stirring and dissolving operations.

Features in the student’s performance used for the grading

o
'

Experimental technique GRADE
e.g. that used in the handling of glassware and of materials;

in the operations of dissolving, transfer. washing and O
dilution.

Features in the student’s performance used for the grading

¢ - Manual dexterity GRADE
¢.g. in the general manner of performance and in the
completion of the task. O

Features in the student’s performance used for the grading

d - Orderliness GRADE
e.g. in the utilisation of bench-space and the organisation of O
equipment.

Features in the student’s performance used for the grading

Figure 3.3 (II) An example of the intermediate mode.
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Section A - Dissoluti the solid wat
ection issolution of the solid water VES NO

a.1. Were the beaker and the stirring rod initially washed with O O
distilled water? Y N

a.2. After the transfer of the solid into the beaker, was the weighing O O
bottle rinsed out with water?

Y N

b.3. Were all operations carried out in a manner which did not conflict O O
with the quantitative nature of the exercise?

Section B - Transfer and dilution of the solution

Y N
a.l. Was the overall working sequence during the transfer of the O O
solution from the beaker into the volumetric flask logical and Y N
acceptable?
a.2. Was all glassware washed with distilled water, prior O O
to use? Y N
a.3. Was a funnel used when transferring the solution from the beaker O O
to the flask?
Y N
d.2. Was apparatus no longer in use removed from the immediate O O
working area?

Figure 3.3 (IlI) An example of the check-list mode.

392 The Cognitive P in P ical Chemi

First of all, it is prudent to mention that there are several explanations and
suggestions for how to assess the pupil's work and report progress doing a practical
investigation. Several process skills (cognitive and manipulative processes) would be
involved in tackling any practical investigation and therefore these skills need to be
assessed. Moreover, a pupil is more often asked to write his report about the practical

work which he or she has done, and again this report needs to be assessed.

3.9.2.1 Assessing Chemical Process Skills

In general, science process skills could be divided into the ability to recognise and
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describe the nature of the problem which is termed 'macro process skills', and the
ability to analyse the problem into its component parts which is termed a 'micro process
skill" 142,

A possible way of structuring chemical process skills is to consider an idealised
chemical problem. Three broad phases could be involved™ in such problem; the
planning phase, the implementing phase and the concluding/evaluating phase. Each
phase comprises of a large number of process skills and major subdivisions are
provided for assessment purposes. The interaction between the three phases is seen in
figure 3.41%9)

In another study, Swain ('1989)(142) has divided the way in which any problem
could be tackled into three broad phases; "(a) the pre-operational phase (the design or
planning phase), (b) the operational phase (the implementation phase). and (c) the post-
operational phase (the concluding or evaluating phase)".

In figure 3.4, the planning phases are divided into a number of subskills on
which practical problems might have some bearing. A pupil should show his progress
in such skills and would be assessed later on by his teacher. For example, the skill
10! 1467,

I - Understand which procedure or technique is needed to be adopted.

Il - Select a procedure out of several possible other procedures or
techniques because of the nature of the problem and the practicability
which includes safety aspects and resources.

I - Draw and indicate a list of apparatus or chemicals which are needed
to tackle such kind of problem.

IV - Indicate how he intends to employ such apparatus or chemicals in the
experiment.

V - Provide the sequence for the use of such chemical or apparatus.
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Planning

Plan and organise simple
experimental investigat-
ions to test hypotheses.

Select appropriate appar-
tus.

Implementation

Follow instructions for practical
work.

Handle and manipulate chemical
apparatus and materials safely.
Make accurate observations and
measurements, being aware of
sources of error.

Record accurately and clearly the
results of experiments.

Experimentation

Concluding/evaluating

Draw conclusions and
make generalisations
from experiments.

Figure 3.4 The three interacting phases for any idealised experiment.

In the implementing phase, the pupil needs to show his ability to follow and
comprehend instructions relating to the implementation of practical procedures.
Observational methods would be appropriate, to some extent, for the assessment of this
phase. It is important here to mention that almost all skills involved in this phase are
considered to be manipulative skills which have been discussed in the previous section.

However, a method' 146)

was suggested for the assessment of such a criterion, is by
using a /0-point scale and by providing discriptors. A 10-point assessment scale is

shown in table 3.3 (quoted from Swain's 1988‘146)study).
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Table 3.3

10-point assessment scale for following instructions

10 Follows instructions. linear or branched, given
in any format for an experiment with several
distinct stages, without help.

8 Follows a set of linear instructions given in any
format without help.

5 Follows single step instructions, some assistance
may be requested and given.

3 Follows single step instructions often in a verbal
format. Teacher contact time with pupil is high.

1 Unable to follow instructions without maximum
assistance.

In the concluding/evaluating phase, the pupil will be rcquired(lw to process and
interpret results, predict and draw conclusions. Also, the pupil must evaluate the
validity/reliability of procedures in accordance with the experimental evidence.

To be more precise, this phase needs the following skills from pupils:

I - How to calculate numbered values from data, comparing to other
known data and the pupil must then be able to translate the
information from one form into another.

II - How to deduce data from graphs, tables, drawings..etc.

III - How to make qualitative and quantitative conclusions about
interrelationships within data.

IV - How to structure generalisation or explanations and how to make
predictions based on data.

V - How to evaluate the validity/reliability of procedures and results in
accordance with the experimental evidence that the pupil has.

IV - How to draw eventually final conclusions and how to report on the
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interpretation of data. Table 3.4 (quoted from Swain's 1988 (146)

study) shows a possible form (possible descriptor) to be used for the

assessment of this phase.

Table 3.4

Drawing conclusions and making generalisations

10 Draws conclusions from both qualitative and
quantitative data and offers explanations.
Evaluates procedures and results and suggests
alternatives without help.

8 Draws conclusions from both qualitative and
quantitative data and offers some explanations.
Makes attempts to evaluate procedures and
results without help.

5 Draws some conclusions from both qualitative
and quantitative data and offers single
explanations. Little attempt to evaluate
procedures and results. Requires help
occasionally.

3 Draws few conclusions from data. Few
explanations offered. Little understanding of
evaluation. Usually requires help.

1 Can only draw conclusions with maximum
help.

In designing scientific investigations, educators would be able emphasise any
particular phase required. In other words, looking at the whole individual investigation
in general and dividing its procedure into three phases, varied scales could be allocated
on the three phases of the practical investigation in accordance with the emphasis

required for any particular phase. For example, the maximum scores might be:
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Planning 3 Planning 4
Implementing 4 or Implementing 3
Concluding/evaluating 3 Concluding/evaluating 3

[t is not the aim of the present study to illustrate how each sub-skill or sub-
division of chemical process skills should be recorded in teachers' marking books.

However, Lock and Wheatley (1989) 147

have suggested four systems in which
pupils performance on process, skill and criterion may be recorded for age 11 onwards.
These are; a task-centred system; a skill-centred system; a criterion-centred system; and
a two-stage system. In another study, Lock and Wheatley (1989)‘148) delineate
another means of recording pupils' performance, but in this method the assessor is the
pupil himself.

Ultimately, the division of any experimental work into the planning,
implementing and concluding/evaluating phases does not mean that such division is a
unique agreed division, nor does it mean that all literature readily agrees about dividing
the experimental work into certain three phases. In stead, there are various studies
found' ™7 18- 1990 4 fiterature showing different phases or even different terms for

such phases in a division of the practical investigation, and of course various skills will

be involved in any particular proposed phase.

3.9.2.2 Assessing the Written Reports of Chemical Investigations

In a laboratory, the final procedure that pupils may encounter in doing practical
investigations is to submit a written report explaining the plan, procedure, results, and
conclusions. For the purposes of assessment, three types of report sheet were
Suggestedusm on which teachers asked pupils who had performed a particular
investigation to describe what they had done. These are:

I - The open-ended (uncued) report sheet. This type was designed to
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III -
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allow pupils to report what they intend to say freely“sn and without
any interference from the teacher. It should minimise restrictions in
articulating what pupils have done. This type of report would provide
pupils scope for creativity and diversity as it allows them to express
freely their procedure and achievement. However, this type of report
may not help pupils who are less articulate or those who have
difficulties in writing reports because of their lack of language skills.
The specific focused (fully cued) report sheet: This type was
designed to focus on a particular investigation concerned. It does
allow pupils to report things which are not required. In other words,
pupils will be provided with a list of questions which ask them for
specific responses. Some of these questions are generic and may be
repeated in other tasks or may be similar across different investigative
tasks. Other questions are not task-specific and will not be repeated
across tasks. Pupils who are convergent would favour such a type of
report sheet. Building on this, fully cued reports could be ideal for
the achiever and conscientious pupils in accordance with their
motivational traits. "It should also cater to those who are less
expressive by nature or those with a poor command of the
language"“sm.

The broad focused (partially cued) report sheet: This type was
designed as an intermediate style between the other types. It is
generalisable and applicable to a wide range of investigations, yet
"provides some form of structure upon which pupils are able to make
up a sufficiently coherent report"”sm. The partially cued or 'broadly
cued' report is asking the pupil to write his account under six
sections which would outline the overall stages comprising a typical

investigation. These sections are; preliminary trials; planning:
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performing; communicating; interpreting; and feedback decisions.

Such a type of report would suit the less articulate pupils as it would

provide them with a report sheet that focuses on the broad areas of
decision-making when pupils are performing practical investigations.
It would suit those pupils who can express themselves but need some
guidance to carry on in their practical work. This type of report sheet
is shown in figure 3.5.

Toh and Woolnough (1990)'"*” believed that the broad focused report sheet is
applicable to a wide range of investigative tasks. Such a report scored high correlation
coefficients with the checklist scores and therefore Toh and Woolnough suggested its
reliability in ascertaining pupil performance in practical tasks. "Most encouraging of all
were the results for the 'broad cued' report sheet. These consistently correlated most
highly with the checklist scores, with a Pearson Product-Moment Correlation
Coefficient of 0.8".

Toh and Woolnough (1990)(150) have prescribed such reports for use in place of
the much more laborious one-to-one observational checklist. It could be designed”sn
to match the general criteria of the different GCSE syllabia, and could provide a fruitful
common basis for teacher moderation and convenient evidence for the examining
boards.

However, the broad focused report sheet is found'™*" to be unsuitable to meet
the needs of pupils who have difficulties in expressing themselves in writing. Also, it
does not meet the requirement of the higher levels of attainment in the national
curriculum science since the latter would require pupils to write extended reports for

practical investigations and with an emphasis on using of their own words.
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REPGRT SHEET

(You may use the blank space on the reverse side of this sheet if you find the space
provided for any of the sections insufficient)

PRELIMINARY Describe any preliminary trials you did before
TRIALS starting on the investigation.
PLANNING Describe your original plan, and any changes if you

modified the original plan during the course of the
investigation.

PERFORMING Describe what you did.
What were the measurements you took?
What did you do to ensure the measurements were

accurate?

COMMUNICATING Make a clear record of the readings of your
measurements.

INTERPRETING What conclusions did you draw from your results?

Describe why you reached that conclusion.
How confident are you about your interpretation?
(explain any uncertainty you may still have)

FEEDBACK If you were to do this again, how would you change
the investigation?

Figure 3.5 The broad focused (partially cued) report sheet .
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3.9.3 The Assessment of Mini-Projects

Because mini-projects are a new practical element proposed for Standard Grade
Chemistry at Scottish secondary schools, the assessment of such projects is stii! in
progress. However, it is hoped“sz} that assessors, in assessing mini-projects, will
place special emphasis on "assessing abilities which are peculiar to it rather than merely
repeating assessment procedures carried out elsewhere".

The researcher of the present study also intends to work out a method (a proposed
method) for assessing mini-projects. This method will be discussed in the practical part
of the study (future chapters), employing results from psychology for the assessment
purposes.

2 ..
’, an assessment method for mini-

Nevertheless, in an unpublished study(15
projects was proposed for the benefit of the Standard Grade Chemistry. The main
procedure of this method is to categorise mini-projects as ‘General' and 'Credit'
according to their level of difficulty (‘'open-ended' projects should not be included).
Each pupil is required to solve four mini-projects starting with a simple one (General).
The four projects were suggestcd“sn to be carried out within the two years in which
practical work in chemistry may take place. The words 'pass’ and ‘'fail’ are suggested
as choices or decisions for the pupils’ achievement in the projects. The scheme that
would indicate pupils' progress in tackling mini-projects is shown in figure 3.6. The

teacher will have a copy of the diagram (figure 3.6) for each pupil. He may tick 'P'

(pass) or 'F' (fail) in accordance with the pupil's achievement in projects.
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LEVEL OF AWARD

LEVEL 1

} LEVEL 2

LEVEL 3
\F\ P LEVEL 4
G e <
G J LEVELS
P
G F
NO AWARD
C = Mini-project of 'Credit’ standard
G = Mini-project of '‘General' standard
P = Pass
F = Fail

Figure 3.6 The proposed scheme for the award of Grades' "2

3.10 Summary

This chapter was intended to highlight the importance of doing practical problem-
solving investigations in chemistry by school pupils. Working in a laboratory must not
be recipe-following, but must aim to bring to fruition pupils' creativity, imagination,
self-determination, and practical and intellectual skills. Motivation in school science is
not guaranteed by simply doing practical work, therefore, educators should provide
such work with interest and excitement, and allow learners a measure of self-directed
investigation.

Unfortunately, the practical work in chemistry which has been conducted in

secondary school science is still recognised as ill-conceived and unproductive.
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Therefore, a new look at the construction of school's practical chemistry syllabi would
be essential in order to underline what is required, and what schools' learners, in terms
of motivation, may require.

A practical investigation could have four phases to reach a solution; the planning
and design phase; the performance phase; the analysis and interpretation phase; and the
application phase. The learner is required to use his intellectual and practical skills in
order to tackle any practical problem passing through those four phases.

Open-ended, closed-ended, and pseudo open-ended are three different types of
practical investigations which have been named according to their outcomes (open,
closed, or both). Opportunity for open-ended practical investigation must be given in
the chemistry syllabus of school science to develop learners' knowledge and
understanding.

Mini-projects are a new practical element in school chemistry aimed at the
stimulation of learners' motivational traits towards creativity, and are essential for
thought processes. Such projects are more likely to be student-centred and vary from
open-ended to closed-ended with a connection to everyday based problems and real
world simulation problems. An important feature in mini-projects is that the learners
themselves take control of experiments, bringing a new mode of practice in problem-
solving chemistry.

Various views, in assessing practical problem-solving in chemistry, can be found
in the literature. In general, two different sets of skills should be employed by learners
in any practical problem situation; the manipulative processing skills; and the intellectual
processing skills. Once again, various assumptions can be found in assessing such
skills these include the assessment of learners’ written reports. This present study,
however, intends to apply a genuine assessment method for mini-projects for the

purpose of this research.



CHAPTER FOUR

THE METHODOLOGY WHICH IS EMPLOYED IN ORDER TO
MEASURE THE PUPIL'S PSYCHOLOGICAL FACTORS

4.1 Introduction

In this chapter, attention will be paid to the test methodology which has been
employed in the present research at the psychology phase.

Several methods were used in psychology in order to test Field-
Dependence/Field-Independence, Convergence/Divergence, and Motivation of learners.
The researcher, however, intends to apply some methods that have been developed and
modified by himself or by other researchers at the Centre for Science Education at
Glasgow University. The results of using such methods and measurements on the
research sample will be discussed in the next chapter.

The research was conducted upon Standard Grade pupils at the secondary level of
education in Scottish schools while they were doing the chemistry course as part of the

Standard Grade requirements.

4.2 The Schoo] Pupil Sample

In 1989 an attempt was made to select a sample of pupils from Scottish secondary
schools. The intention was to find out which schools have been involved in a new
chemistry course {replacing the O'Grade (O'level in England)} which is called
Standard Grade Chemistry. The schools which were chosen are in the Central Region

of Scotland. Table 4.1 shows these schools with the number of participants. It is worth
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mentioning here that the original total number of the sample was above 300 pupils, but
due to the difficulties of getting all of them to follow and complete every single
procedure applied in the research, only 217 pupils eventually made up the total number

since they had fully completed the procedure for the completion of the present study.

Table 4.1

The schools selected as the sample for the study

Selected schools gﬁ'pi?sf
Denny High School 53
Lomshill Academy 49
Stirling High School 44

Bannockburn High School 30

Wallace High School 41

Total 217

The first experiment which was carried out in schools, after selecting a sample for
this research, was the measurement of some psychological factors. The researcher
intended to keep a record for each pupil displaying his/her performance and

achievement in every single procedure applied.

4.3 The Measurement of Field-Dependence/Field-Independence

The first test applied to the sample is called the Hidden Figures Test (HFT). It
aimed'? to measure the pupils degree of field-dependence/field-independence. A
sample of this test is to be found in the appendix 1.

The basic purpose of this test is to place pupils along a continuum ranging from

very field-dependent to very field-independent. This distribution was then divided into



three categories:

I - Field-dependent pupils who may be defined as pupils who would
find difficulty or be unable to discriminate a required item from its
context.

IT - Field-independent pupils who may be defined as pupils who would
be able to discriminate a required item from its context. It is possible
to say that field-independent pupils may separate the 'signal’ from
surrounding distracting 'noise’ with greater ease than field-dependent
pupils who may encounter difficulties in such a process.

IIl - Field-intermediate pupils who may be located in between the above

two categories along the continuum ranging.

431 AD < . { the Hidden Fi A :

15, 27. 29, 30
K ) The

This test has been designed depending upon Witkin's wor
HFT comprises of 18 complex figures, apart from another 2 figures used as examples.
There are 6 simple geometric and non-geometric shapes which are embedded in the 18
complex figures (one simple shape in each complex figure) and pupils must isolate
these shapes.

2 Examples are used in the first two pages of the HFT booklet. 6 Simple shapes
(geometric/non-geometric) are located in the third page of the test booklet as a specimen
of the type to be found. Pupils are required to find a hidden simple shape in each

complex figure. They must then outline and trace it in pencil or pen against the lines of

the complex figure.

4.3.2 YWhat Conditions in the HFT should be Followed?

There are certain conditions in the HFT which need to be followed:
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*  the simple shape has to be found in the same size, same proportions.
and the same orientation within the complex figure as when it
appeared alone in the third page (the given specimen).

*  the pupil is not allowed to use a ruler or any other means to measure
the size of the simple shape in the complex figures.

x+  there is more than one simple shape embedded in some complex
figures but the pupil is required to locate only the simple shape which
is in the same proportion, size, and orientation as the specimen. If the
pupil finds more than one correct answer (one complex figure has
more than one correct answer), then he is required to trace only one.

*  the test booklet should be collected from the pupils after 20 minutes.

The basic marking scheme which was used for the HFT was to give one mark for
each correct complex figure found by the pupil. The over-all sum of these marks is
calculated to ascertain the total mark which each pupil gained. The maximum mark that
can be obtained is 18 since the test comprises of 18 complex figures. The HFT scoring

key is to be found in the appendix 2.

4.3.3 The Application of HFT to the Sample

Pupils who attempted the HFT were divided into three categories according to
their scores; field-dependent; field-intermediate; and field-independent pupils. Such a
classification of pupils is shown in table 4.2. The distribution of the HFT total scores

for the sample is exhibited in figure 4.1. The criterion used for such division is based

)

upon the method which was employed by Case'”, Scardamalia'®’, and Case and

Globerson(w.
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Table 4.2

Classification of the sample

Group No. of pupils
E.D. 63
F.Int. 73
F.I. 81
Total 217
307
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Minus 0.5 S.D.

Plus 0.5 S.D.

S.D. Standard Deviation

Figure 4.1 The distribution of HFT total scores for the sample.

The simple application of the criterion is to consider pupils who scored more than

half a standard deviation above the mean score as field-independent, while pupils who
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scored less than half a standard deviation below the mean score were considered as
field-dependent. The pupils who scored in between * 0.5 standard deviation were
considered as field-intermediate (although this research is not essentially concerned

with this intermediate category of pupils).

4.4 Tests for the Assignment of Convergent/Divergent Thinking Stvles

Having measured the degree of field-dependence/field-independence of the
sample, the focus of the research shifts to the assignment of pupils’ convergent and
divergent thinking styles.

The main purpose of such an assignment is to classify pupils into those who have
the ability to be more divergent thinkers rather than convergent thinkers as divergent
thinkers would be more likely to give a greater variety of answers to each question.
Based upon Hudson's (1966) work'"®’, Child and Smithers (1973)*®" distinguished
convergent thinkers by their high achievement in problems requiring one conventionally
accepted solution which is obtainable from the given information (as in intelligence
tests). Meanwhile, convergent pupils would be more likely to have a more diminished
ability than divergent pupils in providing a variety of answers to each question. The
convergent thinkers would obtain low scores in problems requiring the generation of

several equally acceptable solutions (as in divergent thinking test)

44.1 The Description of Tests

This study is based upon Hudson's™’

original work. The researcher designed
six mini tests in which each is allowed a limited time for completion. The pupil is
required to write as many answers as possible for every question he is given:

I - Test I: This test was designed in order to find out the pupil's ability

to think of as many different words as possible having the same or



II -

i -

IV -
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similar meaning to the one which is given. Moreover, an example is

provided at the beginning of the test to clarify what the pupil is

required to do. The time limit which has been set up for this test is 5

minutes.

Test 2: The pupil is asked in this test to write as many sentences as

possible comprising of four given specific words in each sentence.

These given words should be used in any constructive sentence in the

same order in which they were written in the test. Again. an example
is provided at the beginning of the test, and 5 minutes is set as the time
limit for such a test.

Test 3: Most convergent/divergent tests are verbal, so that the

researcher decided to involve at least one pictorial test. It is prudent to
mention that verbal tests could prove arduous for some pupils,

especially those who have difficulty in language or writing and

therefore pictorial tests may be considered as an opportunity for such
pupils to express easily their own ideas and imaginations. In test 3.

the pupil is required to draw up to five symbols for each word or

phrase given. 5 Minutes is set as the time limit for this test, and one

example is provided to illustrate the test.

Test 4: This test is intended to reflect pupils’ thinking ability about

subjects. The pupil is asked to write all the things "which are round or
which are round more often than any other shape". The time limit is 3
minutes, and the pupil is given an example at the beginning of the test
to illustrate what is required of them.

Test 5: It is similar to test 4 in reflecting pupils thinking ability. The

pupil is required to think about various words which begin with the
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letter G and end with the letter T, names of people or places are not
allowed. An example is given for this test. 4 minutes is set as the time
limit for the completion.

VI - Test 6: It is a free-imagination test. Pupils are given a specific topic
and asked to write as many ideas as they can about such a topic
without any restrictions. This test may make demands upon the
pupils’ ability in composition and imagination. An example is
provided at the beginning of the test, and 4 minutes is set as the time
limit.

The time allocated for the 6 convergent/divergent tests is 25 minutes. One mark is
given(w) for every single correct response, and the highest possible score that could be
gathered in these tests is 130. A copy of the convergent/divergent tests is shown in
appendix 3. Moreover, some selected interesting responses from pupils in such tests

are to be displayed in the appendix 4.

4.4.2 The Division of the Sample into Convergers and Divergers

The present study is not intended to draw different categories among its sample
concerning convergent and divergent thinking styles, as this may be found in Hudson's
(1966)"” work.

Instead, pupils will be considered as high achievers (more likely to be divergers)
or as low achievers (more likely to be convergers) regarding their scores in the
convergent/divergent tests. Table 4.3 shows the pupils' scores in such tests with their
classification into convergers and divergers. Also, the distribution of the
convergent/divergent tests total scores for the sample is shown in figure 4.2.

The mean score (49.9) will be regarded as a crucial point between moving from

convergent thinking into divergent thinking styles or visa versa. Therefore, moving up
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from the mean score along with the direction of the upper arrow (number of pupils
involved = 111) would represent pupils of higher convergent thinking style rather than
divergent thinking style, while in moving down from the mean score along with the
lower arrow (number of pupils involved = 106) would represent pupils of stronger
divergent thinking style rather than convergent thinking style.

The same idea is to be found in figure 4.2. Moving left along with the left arrow
means the subjects are more convergent while moving right along with the right arrow

means the subjects are more divergent in thinking styles.

Table 4.3

Pupils scores and classification in the convergent/divergent test

Scores Frequency Classification
0 ¢+ 9 0 Convergent thinking
10 @ 19 2
20 a—» 29 9 1 _
30 g 39 43 No. of pupils involved = 111
40 - 49 57
-------------------- 4-----Mean score = 49.9
50 € 59 56
60 «4— 69 33 L
70 €—> 79 13 No. of pupils involved = 106
80 @—» 39 3 l
90 @« 99 0
100 @ 109 1 Divergent thinking
110 @119 0
120 €130 0

Total 217 217




99

6C
| Convergent pm il
sc ] thinking Divergent
] -4 thinking
= -
o | N1 N =106
>
o
[ <
- 3C 4
g 4
= 2 4
1€
0 i- T TmT L
S 15 25 35 4%55 65 75 85 95 105115125
49.9 Scores in tests

Mean score

Figure 4.2 The distribution of the convergent/divergent tests total scores for the

sample.

4.5 The Measurement of the Sample Motivational Characteristics

The next phase in the present research is to divide the sample of this study into
four possible groups regarding pupils' motivational characteristics. Based upon some
work which was done by Adar (1969)(21) and by Hofstein and Kempa (1985)(22), the
Centre for Science Education at Glasgow University produced a series of tests for

measuring the motivation factor.

4.5.1 What is the Nature of the Original Motivation Test?

The original test which was designed for the purpose of measuring the students'

(20 work. This test

motivational traits or preferences can be found in Adar's (1969)
was used again in Martin Diaz's (1990)(86) research. The main method of such a test is

to ask students to select a certain number of statements (concern studying at schools)
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from a huge number of statements displayed (as many as 80) which may best describe

the students’ feeling. Such statements are intended to indicate a student's motivational

preferences or characteristics.

There are four different groups of statements related to the four motivational

patterns which have been suggested:

*

the achiever pupil who has a distinct preference for an expository
method of teaching and learning. He enjoys the challenge competing
with others for top marks and hates being held back by a teacher who
has to deal with slow pupils. The achiever pupil seems apathetic
towards any special interaction in learning.

the conscientious pupil who would also displays a distinct
preference for an expository method of teaching and learning. But he
also wants to know in advance the aims and goals of the work that he
will be involved in with precise instructions which will allow him not
to make mistakes. He will not participate in any unnecessary
activities during exam time.

the curious pupil who may be assumed to have a strong preference
for discovery and problem-solving activities. He prefers open-ended
learning tasks, likes to fellow his own practical ideas rather than rigid
instructions.

the social pupil who seems to be very sociable in all his activities.
Even during his studies, he prefers to study with friends and to
discuss problems together. He is often too involved with external

world to commit himself to consistent studying.

In the original motivation test, every single statement was scored by every pupil

on a five point scale giving rise to a set of ordinal numbers. These ordinal numbers
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were then treated like cardinal numbers and averaged to give a score which allocated
each pupil to one of the four categories.

This method, from the above description, is obviously long. The student may
easily get bored once he realises the number of statements involved in the test, in
addition to the length of time which such a test requires. Another point of criticism of
such a method is that the numbers that have been used to agree or disagree with any
statement are ordinal numbers which could be defined as labels of some sort of order in
a situation in which the intervals are not necessarily evenly spaced and so cannot be
used in arithmetical operations. The total score of each student's responses sheet was
treated as a cardinal number or as a real number which is capable of all arithmetical
operations. For example, a choice of 4 for one statement cannot be twice as valuable as

2 for another statement. Averages become meaningless.

4.5.2 The Initial Motivation Test in the Present Study

Being aware of the deficiencies of the original motivation test, attention was given
to the invention of a new test which may be more reliable and more practical for age
group of children in secondary schools. Therefore, our initial motivation test was
designed to have a maximum of 16 statements in boxes. These statements should have
a connection with the pupils study at the school. Every four statements were used to
define one group of the four motivational groups or patterns (the achiever,
conscientious, curious, and social). The pupil was simply asked to select up to five
statements which he/she thought most appropriately correlated with his/her own
feelings about studying. A sample of this test is shown in figure 4.3. Figure 4.4
displays the motivational pattern (group) involved in every single statement in the test.
The initial motivation test which was conducted in schools with the distribution of the

sample are shown in table 4.4.
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Table 4.4

The distribution of the sample over the initial motivation test

Motivational | Njyumber of pupils
patterns

The achiever 9
The conscientious 68
The curious 12
The social 36
No pattern * 78
No attendance 14
Total 217

* Pupils who are categorised as not belonging to any particular motivational
pattern (2:2:1).

The marking scheme which was used in this test is as the following:
I - The pupil would be described as an achiever if he selected three
statements or more which represent achiever characteristics. That is if
he selected: (i) four achiever statements plus a statement from another

pattern (4:1) or (ii) three achiever statements plus two other statements

which represent one or two patterns (3:2 or 3:1:1) or (iii) two achiever
statements plus one statement from each of the remaining three
patterns. The pupil would be described as a conscientious, curious, or
social if he selected statements which concerned such motivational
patterns by the same way as in the given example (the achiever
example).

IT - If the pupil selected two statements which reflect, for example,
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achiever characteristics and two other statements which reflect
conscientious characteristics and a statement which reflects curious
characteristics (2:2:1), such a pupil will be described not belonging to
any particular pattern of motivation (will not be categorised).

IIT - The pupils who are categorised (2:2:1) as not belonging to any
particular motivational pattern (not a clear one) will be treated as
holding more than one obvious motivational pattern which have been
overlapped between them.

IV - Having described any pupil in the sample as an achiever, for example,
(from what he/she selected of statements) does not mean that such a
pupil has only one achiever motivational trait, but could have another
overlapped trait which was less dominant. It is quite possible that the
restriction of the test did not allow the pupil to express his feelings
fully.

From the analysis of the results, a problem was recognised in designing such a
test. Some statements were found to be more appealing to the pupil and may thus have
been selected more often than others. In addition, all statements in the test may
represent different types of activity, such as the classroom, laboratory, social life. and
innovation, which have been drawn together randomly. The researcher believes that
such random distribution of the statements may have confused pupils and thus

prevented the participant from selecting those most appropriate and suitable.

4.5.3 The Second Motivation Test

Being aware of some deficiencies regarding the first test of motivation as stated in
the previous section, the researcher intended to modify the test into a fresh and

stimulating format which may have a better chance of representing pupils’ motivational



patterns:

I-

IT -

I11 -

IV -
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The first attempt which was made concerning such modifications was
to examine the 16 statements used in the test. Throughout a similar test
administered on a selection of pupils in another school, it was found
that some statements have been indeed selected more often than others
which might suggest that such statements must be modified.
Therefore, a certain number of statements were changed or modified
hoping to present statements of equal importance or strength for the
pupils.

The second attempt was to insert some pictures and pictorial characters
in the test in order to give it a more interesting appearance. The 16
displayed statements were drawn in the test as if narrated by different
characters (males and females). The pupil is required to identify which
character most closely approximates to his/her feelings in what the
character says in the statement.

Another important change was inserted into the shape of the
motivation test. The statements of the test represented different types
of activity. The 16 statements therefore were divided into four
different categories of activity; (i) about class work (ii) about
laboratory (iii) about discovery learning (iv) and about social life.
Four different statements (four different motivational patterns)
concerning each category were used in each horizontal row (four
horizontal rows according to the four different categories of activity).
Three differently coloured versions of the motivation test were
produced. The same choices were offered but were scattered
differently in each version. This had two purposes (i) to check that the

position of each statement was immaterial and (i1) to prevent copying
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between neighbours.

The pupil was simply asked to read the statements in each row (a category of
activity) and to give the name of the character who has an opinion most like the pupil's
own. A sample of this test is shown in figure 4.5. The marking scheme which has been
used in the test is as follows:

I- The pupil was regarded as, for example, an achiever if he/she
described himself/herself as an achiever in the four different categories
(four rows) of activity (4:0).

II - The pupil was still regarded as an achiever if he/she described
himself/herself as, for example, an achiever in three different
categories (three rows) and as a social in the remaining one (3:1).

IIT - The pupil was regarded as, for example. an achiever if he/she
described himself/herself as an achiever in two different categories
(two rows) and as a social and a curious in the other two categories
(two rows) in the test (2:1:1).

IV - The pupil was regarded as not belonging to any motivational pattern if
he/she described himself/herself as, for example, an achiever in two
different categories and as a curious in the other two remaining
categories (2:2).

V - The pupil was regarded as not belonging to any motivational pattern if
he/she described himself/herself as, for example, an achiever in a
category, a curious in an another one, a conscientious in the third one,
and as a social in the remaining category (1:1:1:1).

Table 4.5 shows the distribution of the sample over the modified motivation test.
The number of pupils who did not attend this test is due to the nonparticipation of one

school in the test.
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Figure 4.5 The second motivation test (modified version) used in the study.
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The modified version of the motivation test has been more successful trial than the
initial test in separating the pupils' motivational patterns with less overlapping between
patterns for any
individual pupil. However, a question arose concerning what a pupil would choose (to
describe himself/herself) if he/she were provided with only the four different pictures of
the achiever, conscientious, curious, and social as four distinct clusters.

Therefore, it was worth trying to make another modification to the second version
of the motivation test in order to obtain a sharp picture of each pupil's motivational
pattern as well as to increase the reliability of the motivation test in measuring such

patterns.

Table 4.5

The distribution of the sample over the scored motivation test

Motivational Number of pupils
patterns

The achiever 8
The conscientious 45
The curious 34
The social 47
No pattern * 21
No attendance 62
Total 217

* Pupils who are categorised as not belonging to any particular motivational pattern
(2:2 or 1:1:1:1). This category has now dropped from 78/217 to 21/217.

4.5.4 The Final Motivation Test

The final motivation test comprises of two different sheets:
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I - The first sheet (A) shows of four different characters (two males and
two females), each one has been drawn describing himself/herself in
four different statements concerning four different activities (about
class work, about laboratory work, about discovery learning, and
about social life). The pupil is simply asked to select a single character
that he/she may agree with most. The pupil then has to put a tick in the
box against any character selected. The hope of this test is that the
pupil will select the most likely unique motivational pattern which may
describe him/her best without any overlapping with other patterns.

I1 - However, the second sheet (B) is of another motivation test similar to
the second one but with again some modification in the shape of the
test and in the statements involved. The pupil is asked to select a
character which may describe him/her best in each row.

A copy of the third test is shown in figure 4.6 (sheet A and B). Table 4.6, 4.7
show the distribution of the sample over this test. The marking scheme which was
followed in the third motivation test was; (i) by giving the pupil. for the first sheet in
the test, a motivational pattern selected in accordance with the involved character, (ii)
while, in the second sheet of the test, the same marking scheme which was used in the
second motivation test was applied in order to identify the pupils' patterns.

Ultimately, the whole battery of motivation tests were drawn together in order to
compare the results. The final motivational traits of pupils which have emerged and the
whole picture of tests are shown in table 4.8. Pupils who could not exhibit a significant
trend towards a motivational pattern are believed to have two obvious overlapped
patterns (at least) and therefore will be treated as not belonging to any motivational

pattern.
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Figure 4.6 (Sheet A) The third motivation test used in the study.
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Figure 4.6 (Sheet B) The third motivation test used in the study.
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Table 4.6

The distribution of the sample over the third motivation test (sheet A)

Mouvational | Nymber of pupils
patterns
The achiever 7
The conscientious 57
The curious 34
The social 61
No attendance 58
Total 217
Table 4.7

The distribution of the sample over the third motivation test (sheet B)

Motivational Number of pupils
patterns

The achiever 5
The conscientious 41
The curious 28
The social 46
No pattern * 39
No attendance 58
Total 217

* Pupils who are categorised as not belonging to any particular motivational pattern
(2:2or 1:1:1:1).
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Table 4.8

The distribution of the sample over the whole motivation tests

Motivational patterns T‘ﬁt TS?t " t;e?zsf §i-c o Match
The Achiever 9 8 7 E 5 11
The Conscientious 68 45 57 :r 41 78
The Curious 12 34 34 i 28 32
The Social 36 47 61 E 46 57
No Pattern 78 21 -- E 39 35 *
NoAtendance | 14 | 62 | 58 1+ s6 | 4
Total 217 217 217, 217 217

* Pupils who are categorised as not belonging to any particular motivational pattern (as
they have two obvious overlapped patterns).

** Pupils who failed to attend any motivation test.

4.6 Summary

This chapter was intended to show the reader the kinds of methodology which
were used in order to measure the psychological factors involved in this study. The
analysis of the results from such measurements are due to be processed in the next
chapter. Field-Dependence/Field-Independence, Convergence/Divergence. and
Motivation are three different factors which seem to have an effect firstly upon each
other, and secondly on the performance of pupils in science. The Hidden Figure Test,
Convergent/Divergent Test, and three types of Motivation Tests, were used
successively in order to measure such factors. It is worth mentioning here that the three

motivation tests will be incorporated to produce a single pattern which may best
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describe the pupil according to the motivational traits. The results obtained from this
chapter and the analysis of results from the next chapter will be used together later on to

correlate with the performance and achievement of pupils in mini-projects in chemistry.
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CHAPTER FIVE

POSSIBLE CORRELATIONS BETWEEN PSYCHOLOGICAL FACTORS
USED IN THE PRESENT STUDY

5.1 Introduction

The present chapter deals with various statistical correlations which could
possibly be discerned between the various psychological factors employed in this
research.

Attention must be drawn to whichever correlations arise from this work and to the
possible significance of these correlations. An understanding of the psychological
factors involved in this research may lead to an understanding of pupils' achievement or
performance in chemistry. Building on this, there may be a significant link between
psychology and science learning which could prove to be very profitable. It could lead
to improved educational practice.

Field-Dependence/Field-Independence, Convergence/Divergence and Motivation
are three psychological factors which are to be explored with the sample of the study in
order to find out possible correlations between such factors which may lead to possible
predictions for the pupils achievement in practical problem-solving in chemistry. This
will be discussed in the next chapters and will rely upon the results which are obtained

from this present chapter.
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5.2.1 A _Scatter Plot beiween These Psychological Factors

All the pupils in the sample (217 Pupils) were used in this part of the study as
they were full participants in the field-dependent/field-independent and
convergent/divergent tests. The results of their achievements in such tests were plotted
against each other using a scatter diagram. A significant correlation emerged as the
Pearson Product-Moment Correlation Coefficient was 0.1613. The null

(183, 154)

hypothesis could be rejected at a 5% level. The scatter plot obtained is

shown in figure 5.1.
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Significant at a §% level

Figure 5.1 A scatter plot between the sample's scores in field-dependent/field-

independent and convergent/divergent tests.
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The conclusion which may be drawn from this is that field-independent pupils
performed better in convergent/divergent tests and appeared to be more divergent
thinkers rather than convergent thinkers. Whilst field-dependent pupils appeared to be
more convergent thinkers rather than divergent thinkers in accordance with their lower

performance in convergent/divergent tests.

5.2.2 The Distribution of Field-Dependent/Field-Independent Pupils
gver the Convergent/Divergent Tests

To study the conclusion obtained (in the last section) between field-
dependence/field-independence and convergence/divergence, the distribution of the
number of field-dependent/field-independent pupils compared with the number of
convergent/divergent pupils (pupils' tests attainments) was required, as it would clarnify
the pupils' percentages distribution in these tests. Table 5.1 shows such a distribution

of percentages.
Table 5.1

The distribution of field-dependent/field-independent pupils over the

convergent/divergent tests

’\Gm“ ] F.D. | F.IND.
P N=63| N=81
Con. 36 33
N =69 52% 48%
Div. 27 a8
N=751| 3% 64%
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From the above table, the total number of convergent pupils has been almost
divided equally in the field-dependent/field-independent test. Half of the convergers
seemed to be field-dependent pupils, while the other half seemed to be field-
independent pupils. On the other hand, the divergent pupils have shown a good
performance in the field-dependent/field-independent test and therefore the test
significantly categorises the divergers as field-independent pupils rather than field-
dependent pupils.

Could 1t be that a diverger who is a field-independent pupil will be more creative

than others and will achieve more in the open-ended tasks?

§.2.3 Some Predictive Proposals

According to a predictive model'?'based upon the information processing

(L 12,13, 1) o

hypothesis and according to several studies devoted to this area
independent learners are more able to achieve well in examinations and are more
capable of surviving high demand questions when compared with field-dependent
learners (probably due to their higher working memory capacity and higher ability in
separating the 'signal’ from the 'noise' in any task) . Therefore, if a pupil is field-
independent and divergent, it could be expected that he/she will perform well in a
science activity and will perform best, especially in creative science tasks (for example,
open-ended problem-solving activities); tasks which require an ability to "combine
ideas, things, techniques, or approaches in a new way"(56). Building on this, a field-
independent and convergent pupil will probably perform well in conventional science
examinations, but that does not necessarily mean that he/she will be able to perform
satisfactorily or well in open-ended practical problem-solving (creative tasks) in
chemistry.

Although field-dependent pupils may not perform well in the conventional science
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examinations compared to the field-independent pupils, field-dependent and divergent
pupils could still perform better in creative tasks than field-dependent and convergent
pupils. It is a predictive proposal which requires investigation (in the next chapters).
From figure 5.1 and table 5.1, field-dependent pupils tended to be more
convergent thinkers rather than divergent thinkers. Such findings concerning field-
dependent pupils could be suggested as a reason for their achievement especially in
conventional science examinations which do not demand creativity. The convergent
thinking ability could boost learning in different ways. The convergers' intelligence, as
stated in chapter two, consists of a narrowing in focus, an imaginative austerity which

can be quite formidable.

5.2.4. Patterns of the Mean Scores in both Psyvchological Tests

A picture of the mean scores of field-dependent/field-independent pupils in the
convergent/divergent tests, and a picture of the mean scores of convergent/divergent
pupils in the field-dependent/field-independent test could also be beneficial to the
understanding of such groups. Table 5.2 and 5.3 show the groups' mean scores in

such tests.

Table 5.2
The mean scores of field-dependent/field-independent pupils in convergent/divergent

tests

Groups F.D. F. IND.

\4 N =63 N =81

Mean scores

in
Con. & Div. 47.6 52.6
Tests
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Table 5.3

Convergers and divergers' mean scores in the field-dependent/field-independent test

l\Gr ou CON. DIV.
s\ N =69 N=75
Meal_l scores
in
F.D.& F.I 6.9 78
Test

The mean scores of field-dependent/field-independent pupils in
convergent/divergent tests did not reveal significant differences in achievement between
field-dependent than field-independent pupils as shown in table 5.2. If the Hudson's

scale(lg)

was applied, it would locate both groups (F.D./F.IND.) in the all-rounders
division.

A similar result was obtained from the mean scores of convergent/divergent
pupils in the field-dependent/field-independent test as shown in table 5.3. The mean
scores of both groups (CON./DIV.) were intermediates in such a test (F.D./F.IND.),

and there is no significance or remarkable differentiation obtained between the mean

scores' achievements of the convergent and the divergent thinkers.

5.3 The Interaction between Motivation, Field-Dependence/Field-
Independence and Convergence/Divergence in This Research

In this section and the next (5.4), various attempts will be made to find out any
fine connections between the psychological dimensions (Motivation, Field-
Dependence/Field-Independence and Convergence/Divergence) which have been used

in the present study.



Regarding the motivational patterns. it was evident from the previous chapter that
there is an overlapped picture between such patterns. A pupil who was categorised as,
for example, a curious would probably have another motivational pattern which did not
dominate the pupil's answers in the test sheet. Before studying interactions between the

psychological factors. it is worth paying attention to such an overlapping picture.

5§.3.1 What Overlapping Pictures were Obtained between

Three motivation tests were conducted in this research in order to classify each
pupil in the research's sample as belonging to one of the four motivational patterns (the
achiever, conscientious, curious, and the social). However, an overlapping picture
between such patterns was obtained.

The final scheme which was used in the present study to describe each pupil as
belonging to a certain motivational pattern relied on which pattern was most trequently
selected by the pupil in the whole battery of motivation tests. It was possible for the
participants to select motivational patterns up to 14 times in the three tests.

A pupil will be categorised as an achiever, as stated in chapter four, if he/she
selected the achiever pattern more often than any other pattern. But, it could be that; (1)
a pupil may select, for example, 7 times the achiever pattern and 7 times the curious
pattern (7:7) and therefore could be categorised as having two overlapping motivational
patterns, (ii) or a pupil may have an overwhelming and obvious motivational pattern
which appears throughout his/her selections (14 times) in the tests. in addition to
another pattern which is not quite as formidable (not as overpowering) as the first one,
(iif) or a pupil may have three selections (even four sometimes) of motivational
patterns, but of which two are more obvious and more often selected than the other(s),

and one of the selected two will be more dominant than the other one in accordance
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with how many times this selection was made.

Apparently, an amount of overlap between motivational patterns was found to be
persistent in almost all the sample. It is therefore rational to say that the vast majority of
pupils in the sample have more than one motivational pattern and even if they have a
single obvious motivational pattern it is still likely to overlap with at least another one.

To study such an overlap between motivational patterns, each pupil's selection
was checked individually in all motivation tests to find out the interacting picture (an
overlap) between the motivational patterns of the sample. Table 5.4 exhibits the

overlapping picture between the motivational patterns of the sample.

Table 54
The population of pupils' motivational groups (patterns) as overlapped with other

motivational patterns

Motivational Patteras Pupils’
o Groups
PtNtt:m Social | Cwious |Conscien.| Achiever |30 19g*
Achiev,

3 3 1 0
) N=11
Conseie.
14 43 14 0 7 N=78
Curious

8

7 13 0 4 N=32
Social
8 0 ’ 38 ¢ |N=s

* Total number of pupils who were categorised as belonging to certain
motivational patterns. 39 Pupils of the total number of the sample (N = 217) were
ignored either because they did not attend any motivation test (N = 4) or did not clearly
belonging to any motivational pattern (N = 35).

** Pupils who showed an overlap between more than two motivational patterns
and were therefore ignored from the interacting patterns procedure.
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To show the size of the overlapping areas between motivational patterns. a study
of each motivational group of pupils was necessary. In any motivational group. the
biggest overlapping area with other motivational patterns will be designated depending
upon the highest frequency number of pupils of such a group (any group such as the
achiever or the curious) who would overlap with other motivational patterns. To
facilitate such a picture of the overlap for each pupils' motivational group, figure 5.2,
5.3, 5.4, 5.5 display the frequency number of pupils in each group which overlapped

with other motivational patterns.

Number of achiever pupils

Conscientious Curious Social

(Overlapped patterns)

Figure 5.2 The achiever pupils (N = 11) as overlapped with other motivational

patterns in the motivation tests.
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Figure 5.3 The conscientious pupils (N = 78) as overlapped with other

motivational patterns in the motivation tests.

20 -

Number of curious pupils
o
1

Achiever Conscientious Social

(Overlapped patterns)

Figure 5.4 The curious pupils (N = 32) as overlapped with other motivational

patterns in the motivation tests.
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Figure 5.5 The social pupils (N = 57) as overlapped with other motivational

patterns in the motivation tests.

From table 5.4, it is evident that there are some motivational patterns which have
more often overlapped with others, and table 5.5 highlights these overlapped
motivational patterns. The conscientious and the social patterns constituted in the first
place the highest overlapping picture obtained between motivational patterns. In the
second place, the social pattern formed an overlapping picture with the curious pattern,
as did the conscientious pattern with the curious pattern.

In general, pupils who were classified as conscientious were found to have more
often a social motivational pattern which overlapped with their dominant conscientious
pattern. The same pattern might be expected for the social pupils who would have more
often overlapped with conscientious pattern in addition to their dominant social pattern.
Therefore, these patterns could influence each other positively and though the pupil
who shows a preference for formal modes of teaching (with precise instructions) and
who shows a need to study and learn as duties (conscientious features) would be

expected to show a need to affiliate and to learn in a non-competitive environment
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(social features) too.

Table 5.5
The population of pupils’ motivational groups (patterns) as overlapped with other

motivational patterns with highlights the overlapping pictures

Motivational Patteras Pupils’

Groups

P»Nttoern Social Cwious | Conscien.| Achisver N=178
3 3 1 4 0 Achievy.

‘ N=11

= \\\\\§ Conscis
S 14 \ 0 7 :

~ NI _ N=78

0 \ P N\ q %“’_“’;"2‘

N )
Social

8 0 \9 38 2

NN N =57

An overlap between the social and conscientious patterns.

An overlap between the social and curious patterns.
k\\ An overlap between the conscientious and curious patterns.

On the other hand, the overlapping pictures between the curious-social patterns
and the curious-conscientious patterns would mean overlapping features between the
curious pattern and social-conscientious patterns. A curious pupil will therefore be
expected to have another motivational pattern, and if so will be more likely to have a
conscientious pattern or a social pattern. Additionally, a social pupil may have a curious
pattern (it is not as likely as having a conscientious pattern) and a conscientious pupil

may have a curious pattern (it is not as likely as having a social pattern).



An attempt was made to find out how field-dependent/field-independent pupils of

the present study were distributed in the motivation tests (table 5.6).

Table 5.6

The distribution of field-dependent/field-independent pupils over the motivation tests

Groups Ach. | Consc.| Cur. Soc. No *
pattern

F.D. 1 33 6 16 7
N =63 2% 52% 10% 25% 11%

F. IND. 3 24 13 27 14
N =81 4% 30% 16% 33% 17%

* Comprises of pupils who have more than one motivational pattern (overlapped), and

pupils who did not attend motivation tests.

It is possible to notice from such a distribution that field-independent pupils are
more likely to have an achiever or curious or social motivational preference rather than a
conscientious preference when compared with field-dependent pupils. Of course, some
pupils of both field-dependent/field-independent groups will have an overlapped
motivational pattern.

To conclude, the conscientious pupils seem likely to be field-dependent, who
do not take the risk of doing, for example, unnecessary practical or theoretical activities
particularly without following clear instructions. This may be related to a modest
working memory capacity(ls) hampered by an inability to separate the ‘signal’ from the

‘noise’ efficiently like field-independent pupils. On the other hand, some field-
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independent pupils may have an achiever motivation due to their sizable working
memory capacity which could be used efficiently because they can separate between the
'signal’ from the 'noise’. This efficient use of working memory may allow them to do
tasks or be eager to do tasks without following clear instructions (a feature of the
curious) or may even help them in communicating with other pupils (a feature of the
social). The number of field-independent pupils who are at the same time curious or
social may be an indication of what has been explained comparing to the number of

field-dependent pupils.

5.3.3 / iver i 1 ivation_Tes

The picture which was obtained from distributing the convergent/divergent pupils
over their motivational preferences designated in the motivation tests is shown in table
5.7. The divergent thinking pupils seem to distribute themselves over the motivation
tests in a way which is similar to field-independent pupils in the previous section. The
conscientious preference was seen as more likely to be held by the convergent pupils
rather than by the divergent pupils. For the other three preferences (the achiever,
curious and social preferences), table 5.7 shows that the divergent thinking pupils seem
to select these rather than the convergent thinking pupils.

It could be that the convergent pupil is one who is not attracted to learning by
doing activities which have been set up without clear instructions. While the divergent
pupil is a pupil who is more adventurous in learning, he likes activities which involve
new discovery and exploration and doing tasks without recipe-following instructions.

No significant correlation could be obtained in table 5.7 between the numbers of
convergent and divergent pupils over the motivation tests. However, the divergent
pupils have exhibited a preference (high number of pupils) for being achievers or

curious or social more likely than being conscientious when compared with the number
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of their convergent colleagues who exhibited low numbers in all the motivational

groups apart of the conscientious group.

Table 5.7

The distribution of field-dependent/field-independent pupils over the motivation tests

Groups Ach. | Consc.] Cur. Soc. No *
pattern
CON. 3 45 13 24 26

N=111 3% 41% 12% 22% 23%

DIV. 8 32 19 33 14
N =106 8% 30% 18% 31% 13%

* Comprises of pupils who have more than one motivational pattern (overlapped), and

pupils who did not attend motivation tests.

From such findings, it seems now prudent to look statistically at the three
psychological factors together in order to draw a precise picture for what might be

expected in the chemistry performance which will be discussed in chapter 6 and 7.

verall Pictur ined ween the Three F rs Together
. ield-

Having discussed the correlation between every two psychological factors
involved in the research. Now it is beneficial to study the three different factors together
and to find out correlations that could be gathered from such a combination.

An attempt was made to study the pupils’ motivational preferences separately in

comparison with their achievements in the other two psychological factors involved in
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this research. Table 5.8 shows the whole picture of pupils (numbers and percentages)
in the motivational groups with their attainment and classification in the field-

dependent/field-independent and convergent/divergent tests.

Table 5.8

The distribution of the sample over the three psychological factors

Pupils' groups | Achiever | Conscien. | Curious {| Social
Field-Dependent 1 33 6 16

N=63 2% 52% 10% 25%
Field-Independent 3 24 13 27

N =81 4% 30% 16% 33%
Covergent 3 45 13 24

N=111 3% 41% 12% 22%
Divergent 8 32 19 33

N =106 8% 30% 18% 31%

In fact, table 5.8 is a combination of table 5.6 and 5.7 which was drawn to
display a complete picture for the reader about the distribution of the sample. It is
apparent from table 5.8 and from the distribution and number of pupils in all the
psychological tests that the achiever, curious and social pupils, on one extreme, tend to
be field-independent and divergent pupils. The conscientious pupils, on the other
extreme, tend to be field-dependent and convergent pupils. Table 5.9 highlights the
highest distribution of motivational groups of the sample in the involved psychological

tests.
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Table 5.9
The higher distribution of motivational groups of the sample in F.D./F.IND. and
CON./DIV. tests

Pupils’ groups Achiever | Conscien. | Curious Social

Field-Dependent 1 33 6 16
N =63 2% 52% 10%% 25%

Field-Independent
N =81

Covergent
N=111

Divergent
N =106

The motivational groups in their highest distribution number
in the field-dependent/field-independent test.

The motivational groups in their highest distribution number
in the convergent/divergent tests.

Although such findings did not lend themselves to very significant statistical
correlations, the general trend of the pupils in their motivational groups did indicate that
some correlations like the ones mentioned existed. In general, pupils who are field-
independent and divergent are more likely than others to dominate their school classes
in discussion, competing with others for the highest score (achiever), discovery
learning (curious), learning without guidance (curious), and being friendly with others
(social). This category of pupils, as stated earlier, may have a sizable working memory
capacity and therefore may be capable of using such a capacity in an efficient way
allowing them to solve their problems better than others. Some field-independent and
divergent pupils may approach the solution to a problem in a brilliant way, they could

probably show sometimes a new technique or skill (creativity) in solving such a
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problem than other pupils (the curious pupils are recognised to be among this group of
pupils).

On the other hand, field-dependent and convergent pupils could be less capable in
manufacturing new techniques or skills in solving problems. Moreover, they would be
expected to be hesitant in engaging in activities which require a creative ability like
open-ended problem solving, they restrict themselves to the received instructions from
the teacher in classroom learning, as in doing any other practical activity. It seems that
such pupils have not a very large working memory capacity which could be the reason
for their restriction to their teachers's instructions and their concomitant unease of being
involved in activities which require a sort of creative ability in thinking and
progressing. In addition, this could be a reason for the fact that this group is more
likely to be convergent thinkers rather than divergent thinkers. The conscientious pupils
are seen to be the typical example of this group (field-dependent and convergent group)
as these pupils have more often distributed themselves across such a group than other
pupils.

Another way of looking at the data may be obtained from the psychology
involved in this research in that one may pursue each psychological group individually
in terms of what such groups attained in other psychological tests. This method could
highlight the biggest clusters of pupils gathered in psychological groups. it could be
that such clusters may help in the prediction of the pupils' future achievement in science
as will be elaborated upon in chapter seven.

The first group to be placed beneath the microscope is the field-dependent group.
This group did not show a significant trend towards one of the convergent/divergent
thinking styles, however, it showed a slight trend towards being convergent rather than
divergent. It also showed a noticeable preference for being conscientious rather than
any other motivational pattern in motivation tests. Therefore, this may again confirm

that field-dependent pupils are pretty convergent in thinking and are more likely
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conscientious in motivation. Figure 5.6 shows how field-dependent pupils were
pursued in the psychology involved in this research.

Hypothesis (1): The divergent thinkers pupils of this group may be expected

to achieve better at practical problem solving in chemistry such as the mini-projects

compared to the convergent thinkers of the same group.

F.D.
63
CON. DIV.
34 29
Ach. Con. Cur. Soc. Ach. Con. Cur. Soc.
0 17 4 9 1 16 2 vi

Figure 5.6 Field-dependent pupils as followed in the involved psychology of this

study.

Field-independent pupils (figure 5.7), as the second group which will be
considered, showed a general trend towards being divergent rather than convergent
thinkers. Such a trend, however, is not very strong (about 60% of field-independent

pupils), but it could be an indication that field-independent pupils are more likely to be
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divergent thinkers (as was mentioned earlier).

In motivation groups, field-independent divergent pupils were shown as divided

almost evenly between all the groups apart from the achiever group (because of the

small total number of the achiever group in the whole sample). A significant number of

these pupils were shown as belonging to the curious group (so as to the achiever

group) in motivation comparing to the field-independent convergent pupils.

Hypothesis (2): The curious and the achiever pupils of such a group could be

expected to show a good achievement and performance in practical problem solving in

chemistry.
F. IND.
81
CON. DIV.
33 48
Ach. Con. Cur. Soc. Ach. | Con. Cur. Soc.
0 12 3 10 3 12 10 17

Figure 5.7 Field-independent pupils as followed in the involved psychology of this

study.
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From figure 5.7, the highest distribution of field-independent convergent pupils

were shown as being conscientious and social in motivation more often than belonging

to any other motivational patterns.

Hypothesis (3): The field-independent convergent thinkers could be expected

to display a poorer performance and achievement in practical problem-solving in

chemistry compared to the field-independent divergent thinkers.

Moving to the convergent/divergent angles, the convergent pupils in the pursuit

grid showed a similar distribution in the number of pupils being field-dependent or

field-independent. Figure 5.8 shows the distribution of convergent thinkers in the rest

of the psychological tests which were used in this study.

CON.

111

F.D.
36
Ach. Con. Cur. Soc.
0 19 4 9

F. IND.
33
Ach. Con. Cur. Soc.
0 12 3 9

Figure 5.8 The convergent pupils as followed in the involved psychology of this

study.
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However, such pupils in motivation tests showed a significant trend towards
being conscientious in both groups of convergence and divergence which may again
confirm that convergent pupils are more likely to hold a conscientious motivation
pattern (the dominant one) rather than any other pattern.

Hypothesis (4): The achievement of field-independent pupils of this group

{who are convergent thinkers) in practical problem-solving in chemistry may be better

than field-dependent pupils of the same group. This could be due to the field-

independent thinking style which plays a very important role in dominating the

performance and achievement of pupils in tasks.

The final group of pupils is the divergent group (figure 5.9), these pupils are
distributed as being field-independent rather than being field-dependent pupils. In the
motivation tests, they displayed a similar distribution to the grid of the field-
independent group (figure 5.7). The divergent field-independent pupils was displayed
equal numbers of pupils participating in the conscientious, curious and social patterns
and a small number of pupils in the achiever pattern (because of the small number of
original achievers in the sample).

Hypothesis (5): The divergent field-independent pupils could be expected to

perform and achieve better in the open-ended tasks rather than the divergent field-

dependent pupils, they are more curious, more achiever, more social, and less

conscientious than the convergent pupils.
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DIV.
106
F.D. F. IND.
27 48
Ach. Con. Cur. Soc. Ach. Con. Cur. Soc.
1 14 2 7 3 12 10 17

Figure 5.9 The divergent pupils as followed in the involved psychology of this

study.

5.5 Summary

The possible correlations obtained from this chapter will be taken as hypotheses
to be proved. The field-dependent/field-independent psychological factor correlated
positively with the convergent/divergent psychological factor, it indicated that field-
independent pupils may be divergent thinking pupils too. Whilst field-dependent pupils
showed themselves as more likely to be convergent thinking pupils. Afterwards, such a
correlation became more meaningful after the psychology of motivation was inserted
into this study.

Any motivational pattern has been found to overlap with at least one more

motivational pattern which may indicate that pupils, in general, would have more than
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one motivational pattern overlapping with other motivational patterns. The highest
overlap obtained between patterns was found to be between the conscientious and the
social patterns. Other overlaps obtained were found to be between the curious, on one
hand, with either the conscientious or the social, on the other hand.

The final picture which emerged from the body of psychology used in the
present study agreed with the positive correlation obtained between field-
dependent/field-independent and convergent/divergent psychological factors. The
motivation factor further elucidated pupils' classifications. The divergent pupil who is
more likely a field-independent pupil was found to have a curious or achiever or social
motivational preference (having possibly more than one pattern). While the field-
dependent pupil who is more likely a convergent thinker was found to have a
conscientious or more often a conscientious motivational pattern (may have a social
pattern too).

Therefore, several predictions (the five hypotheses) for the pupils' achievements
in practical problem solving in chemistry, yet without experimental confirmation, could
emerge from this chapter. These predictions will be dealt with in the next chapters in
order to from an entire opinion about the effectiveness of the three psychological factors

in predicting the pupils learning.
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CHAPTER SIX

MINI-PROJECTS IN CHEMISTRY: EVALUATION AND PUPILS'
PERFORMANCE

6.1 Introduction

The practical part of this study involves chemistry as a science subject. The
present research is attempting to find a chemistry element that may stimulate pupils to
do science in general and chemistry in particular, a chemistry that may permit pupils to
perform competently to achieve and to allow room for creativity. Accordingly, it was
decided that mini-projects in chemistry'lw should be used for the present research.

Such projects are believed' 2>

to be capable of stimulating pupils' creativity by
engaging them in various activities which have an extensive motivational effect.
Mini-projects are a new element proposed for the Standard Grade chemistry
courses in Scottish secondary schools. The evaluation of such projects is still in
progress. Nevertheless, the researcher intended to work out a method for assessing the
mini-projects designed only for the purposes of research. It would enable the research
to relate the pupils’ achievement in the mini-projects to psychological measurements. It
is intended in this chapter to display only the pupils' performance and achievement in
mini-projects (chemistry) without attempting to relate it with psychology. But in the
next chapter such a connection will be taken into consideration when the whole picture
will be drawn together in order to find out what sort of learning and attainments would

take place amongst various pupils in the schools' laboratories and by involving them in

performing such activities .



141

6.2 The Research Assessment Method of the Mini-Projects

In designing the mini-projects, Hadden (1990)(152)

has demanded that a special

emphasis be given to assessing abilities which are peculiar to mini-projects, rather than

merely repeating the assessment procedures which are carried out in school science.
Each mini-project may require of the pupil several abilities in order to tackle the

problem and reach the solution. Hadden (1990)(152)

has underlined many abilities
which may be needed in performing the mini-projects such as:

I - A pupil would need the ability to understand the nature of the
problem given which should be compatible with the setter's
intention.

II - A pupil would require some information (relevant to the solution of
the problem) from the 'long-term memory' to be retrieved and
transferred to the 'working memory’. At the same time, an ability to
differentiate between the relevant from irrelevant materials involved
in the problem (a separation between the 'signal’ and the 'noise")
would be necessary.

II1 - Another ability would be to use some heuristical method in order to
facilitate the route to the solution. For example, breaking the problem
into sub-problems, using trial and error and working backwards.

IV - The creative thinking ability could be shown in doing mini-projects
by selecting and setting up apparatus, controlling variables and by
carrying out the working strategy at the bench.

V - A pupil would need the ability to make observations, deductions, and
conclusions and, if necessary, the ability to revise strategies in the
light of experience.

VI - The ability to write up a lucid report which includes the work that has
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been done and the solution.

VII - A pupil would need an evaluating ability to evaluate the results
obtained from the work and to find whether such results are
compatible with the nature of the problem.

Some of these abilities may be required too in the classroom activity, but others
may not be employed outside the realm of the laboratory. Thus, the present study
preferred to use mini-projects as a chemistry body rather than conventional chemistry
which may habitually be found in the classroom. Moreover, the study used mini-
projects and not any other practical work activity in the laboratory because mini-projects
could provide pupils with an excellent opportunity to employ and show their practical
problem-solving abilities. In particular, mini-projects could provide an opportunity for
pupils to show a creative thinking ability (or may encourage the pupils’ creativity)
which may not be stimulated when pupils are involved in normal activities at the

laboratory.

6.2.1 The Procedure Emploved

The researcher started his assessment method of mini-projects by a number of
trials of some projects from the mini-projects booklet™* in the five schools involved

in the present research.

6.2.1.1 The Difficulties Found

In designing an appropriate method for mini-projects assessment, a number of
difficulties were found:
I - Pupils were asked to work in pairs in the laboratory to tackle mini-
projects. Generally, schools are not able to provide enough apparatus

or materials to allow pupils to work individually. The assessment of
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the pupils’ work (in pairs) therefore is extremely difficult. It will not
be easy to find out which of the pupils has figured out a certain stage
in the work towards the solution of a project.

Il - The researcher found that the solutions of some projects are
obtainable once the apparatus of such a project are supplied. In other
words, it was found that by giving pupils in advance the complete
apparatus of some mini-projects (in the booklet) will be sufficient to
direct pupils towards the proper solution of such projects. Mini-
projects were designed to stimulate the pupils' creativity to innovate
and to explore solutions. Therefore, the apparatus must not be
supplied until pupils ask for it.

III - The third difficulty found in the work was the amount of help (hints)
which may be given to the pupils during the execution of the tasks.
Three kinds of help are assumed to be relevant in performing the
mini-projects: (i) experimental assistance (ii) factual help (iii)
encouragement. It is believed that a precise procedure for counting
the amount of help given to the pupils during the work is essential for

assessment purposes.

6.2.1.2 A New Design for the Mini-Projects Sheets

Due to the difficulties found in some trials of projects in the schools' sample, the
researcher proposed a new design for the projects selected from the mini-projects

134 15 be used in the schools. A sample of a project sheet before alteration is

booklet
shown in figure 6.1, and a sample of the same project after alteration (the new design)
is shown in figure 6.2.

The alteration in the sheet design (figure 6.2) provides more facilities for
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assessment even when pupils are working in pairs or in threes. Each pupil in a pair or
in a group of three will have a single sheet of a problem (project). The problem has
been set up in section 1 in the new sheet design and is written in the same way as the
original sheet design (figure 6.1).

A gap in section 2 is provided for pupils to write their first thoughts or plan which
may come to the pupils' minds to solve such a problem. The three vertical boxes
opposite to the gap are to be used by a teacher for indicating the frequency of help
which has been given to the pupil during setting up the first plan for the problem. The
upper box is specified for the amount (frequency) of the experimental help given or
needed, for example, setting up some apparatus or explaining the function of the
apparatus. The middle box is specified for the amount (frequency) of the factual help
given or needed, such help would concern knowledge and understanding of the general
concepts and principles of chemistry, it depends upon what knowledge pupils have.
The lower box is specified for the amount (frequency) of the encouraging help given or
needed. It is prudent to mention here that the encouraging help is not as vital as the
experimental or information help and thus any assessor, in assessing mini-projects,
must differentiate between the level of importance of the help given to the pupils, and if
the frequency of help needed will effect the pupils final scores, then the encouraging
help should weigh less in the pupils scores.

Section 3 in the new sheet design of mini-projects concerns the apparatus required
for the project or the experiment. This apparatus must be proposed by the pupils
themselves to allow more room for creativity and to prevent any hint from being
randomly given towards the solution. Providing apparatus in advance for some projects

could ruin the main objective of mini-projects (i.e. stimulating pupils’ creativity).
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NAME: CLASS: PROJECT: 1"

1. WHAT YOU ARE ASKED TO DO:

Yeu have to find the best method for getting the com out of the ice cube
without:

a)  breakmyg the ices

b) wsing a lame or hot plate:

¢) using your vwn bodyv heat,

You have also to describe the best method yvou tind.

2. WHAT YOU HAVE BEEN GIVEN TO WORK WITH:

Your teacher will tell you what apparatus and chemicals you can use.

You may use any text books, data books or Chemistry notes you think might
help you.

3. PERRE YOU START EXPERIMENDS:

Read what you are asked to do again carefully.

Now write down here any ideas about how you could make a start:

(If you have no ideas at all after you have thought as hard as you can, ask
your teacher for some help.)

Now write down here any ideas about how you could continue your experiments.

4. SHOW YOUR IDEAS TO YOUR TEACHER BEFORE YOU START ANY EXPERIMENTS.

Now start your experiments. Use the other side of this page to write up your
method, observations, results and conclusions.

Give your BReport to your teacher and tidy up your bench.

Figure 6.1 A sample of mini-project before alteration.
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NAME : CLASS: PROJECT: Y45

1. THE PROBLEM: You have to find t'e best method for cettins the coin out of
the ice cube without:
a) breaking the ice.
b) using a flane or hot plate,
¢) using your own body heat.
You have also to describe the best method you find.

ui breaking the ice.

b) using a flane or hot pleote.
2. YOUR FIRST PLAN: ¢) using your own body heat.

Read what you have been asked to do carefully again.
Now urite down here your FIRST PLAN for what you intend to do:

(1f vou have no idcas for a plan after you have thought as hard as you can
ask your teacher for some help.) L_

3. YOUR APPARATUS:

Think carefully about the apparatus you think you will need to carry out
your plan as an experiment.
How write down here a list of the apparatus you think you will need:

Note: You may use any text books, datas books or Chemistry notes you thinkK
might help you.

. SHOW YOUR PLAN AND YOUR LIST OF APPARATUS TO YOUR TEACHER BEFORE YOU START
ANY EXPERIMENTS- ZYour teacher will provide you with the spparatus.i
Now start your experiments. Use the other side of this page to write down your

method, results and conclusions. (You should use diagrams or tables to illustrate
your results where possible.)

Figure 6.2 A sample of the same mini-project after alteration.
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The final section (section 4) in the new sheet design of mini-projects is the actual
work section. Another three vertical boxes are provided here to be used for assessment
purposes. These boxes concern the frequency of help and are to be used in the same
way as they were implemented in section 2 in the project sheet (experimental, factual

and encouraging help).

6.2.1.3 The Assessment Sheet of Mini-Projects

The new sheet design of the mini-projects has given the pupil an opportunity to
work and to write what he/she intends to do and what he /she did clearly. Moreover,
the teacher may find that what the pupils did and obtained in the laboratory is assessable
(apart from the practical skills) once the frequency of help is evaluated. However, from
the researcher's observations in schools, teachers may find that the administration of
mini-projects could become easier if the number of pupils involved in the laboratory
does not exceed 15. Any greater number could result in chaos, and prove difficult to
organise without assistants.

From the new design of projects, the researcher intends to translate what the
pupils did individually (using the teacher's assessment) into the language of scores and
therefore an assessment sheet was used for this purpose to constitute all the pupils’

performance and achievement. Such an assessment sheet is exhibited in figure 6.3.
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Figure 6.3 The assessment sheet used for the mini-projects’ assessment in the

research.
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The assessment sheet of mini-projects comprises of 6 questions. These questions
are related to the pupils’ work in solving any project. The assessor may use such
questions to convert a pupil's work into marks for school assessment purposes:

I - The first technique which has been employed in the assessment
method was to give pupils 5 marks, at the beginning of the
assessment, for their work in any project whether the project has
been accomplished or not. This technique is intended to raise the
pupils’ scores so that no negative scores were possible, and to allow
the assessor (the researcher) to subtract some marks, later in the
assessment, from the pupils total scores every time they needed help
(as will be seen later).

II - In question I four possibilities in scoring are available (i) YES for a

strong initial workable plan which gives a pupil 3 marks (ii) YES for

a not bad initial workable plan which gives a pupil 2 marks (iii) YES
for a weak initial workable plan which gives a pupil 1 mark (iv) and
NO for a wrong initial workable plan which gives a pupil no mark
(zero). Such a distribution of marks is believed to be fair since the
first thought is deemed to be very important for the work, it is also
fair because the pupils have to set up their initial plan individually. A
pupil with a weak plan may need help, but if so the researcher
recommended not to give him/her 1 mark, instead such a pupil will
be considered as having an unworkable plan (no mark should be
given). Therefore a clear line between a workable plan (whether it is
strong/not bad/weak) and an unworkable plan could be drawn to
prevent any confusion in assessment.

III - Question 2 concerns only the pupils who were given zero in
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question 1. Such pupils will be classified as needing help, and the
help must be identified and counted. Therefore, the assessor may
realise, from the project sheet, what sort of help was given to the
pupil (experimental, factual, and encouraging help), and how often
(frequency). The researcher decided to subtract a mark from a pupil
(each pupil has already got 5 marks from the researcher at the

beginning of the assessment) every time the experimental or factual
help was given. A half mark will be subtracted from a pupil's score
every time encouraging help is given. The experimental and factual
help are considered to be more important and effective towards

obtaining a workable plan than the encouraging help and thus 1 mark
is subtracted from the pupils' scores when the experimental and

factual help are needed, while half a mark is subtracted from the

pupils' scores when the encouraging help is needed.

In question 3 the researcher intends to find out whether any creative
thought or method has been employed in the experiment. One mark is
for the answer YES, and no mark (zero) for the answer NO. It is a
bonus which has been decided for any pupil who brings creative

thought towards a solution.

In question 4 the pupil can get 2 marks if he/she finished the

experiment without further help from the teacher (answer NO), but
the pupil may need help during the actual work (answer YES) and if
so, the same procedure of subtracting and awarding marks will be

used (as administered in IIT above). The subtraction in this stage will
be in half marks rather than in full marks and in all the three boxes.

To justify this, it is believed that the experimental and information

help in this stage are not as vital as at the beginning of the work
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(during the initial plan) while for the encouraging help. the researcher
believes that the pupil in this stage should be more independent than

at the beginning of the work and he/she should not need much

encouragement. Thus, to subtract a half mark from the pupil for the

given encouraging help could be rational.

VI - In question 5 four possibilities in scoring are available (i) YES for a
strong result which gives a pupil 2 marks (ii) YES for a not bad
result which gives a pupil 1.5 marks (iii) YES for a weak result
which gives a pupil 1 mark (iv) and NO for a wrong result which
gives a pupil no mark (zero).

VII- In question 6 the level of difficulty of each project could be assessed
from the teachers' point of view. Teachers are considered to play a
very important role in evaluating the level of difficulty of each mini-
project because they are so close to the pupils and they may give a
precise estimation for such projects. The teacher is asked to write on
the pupils’ sheets the numbers 1, 2, and 3 which indicate the level of
difficulty of the projects. 1 Means that the project is easy and
therefore no extra mark will be awarded to the pupil. 2 means that the
project is fair and therefore 1 extra mark will be awarded to the pupil,
and 3 means that the project is difficult and 2 extra marks will be
awarded to the pupil for performing such a project.

The highest score that could be obtained by the pupil from such an assessment
method is 15 marks in each mini-project (10 marks from the assessment of the actual
work of the pupils plus 5 extra marks which were given to all pupils at the beginning of
the assessment). The marking scheme which was explained above is shown in figure

6.4 on the assessment sheet.
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Figure 6.4 The marking scheme on the assessment sheet of the mini-projects.
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This marking scheme has been used in the five schools involved in the research,
and it was capable of being translated into pupils' numerical scores for assessment.

Nevertheless, this method, as stated before, was employed only for the present

research assessment purposes and not for class room assessment for examination

purposes.

6.3 The Administrati { Mini-Proi in School

It is worth explaining how mini-projects were administered in the schools selected
for the study.

Due to the lack of apparatus or other facilities in schools, the pupils were divided
into a certain number of pairs in order to do mini-projects. Each pair of pupils was
asked to do a project which was different from the other projects used in the same
session in the laboratory.

At the beginning of the session, a teacher explained what pupils must do with the
given sheets. Each pupil in the laboratory was handed a mini-project sheet which
represented a problem (there are twin sheets for every single project involved in the
session), and as yet no one should know his/her partner. The research aimed to allow
pupils to write their own initial thoughts and plan to solve the given problem. The
pupils were permitted to use any text books or chemistry notes which might be useful
or helpful. After a certain time (depends upon the teacher), the teacher started assessing
the pupils' plans using the upper column of boxes in the pupils’ sheets. Help and hints
should be given for those who stuck in the first phase of the work (of course with
recording the frequency of help in the boxes provided). Moreover, teachers had to
check the safety of the plan. At the end of this stage, every pupil should have a proper

plan ready for testing to find out a solution.
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Lots of interactive discussions between the teacher and the pupils emerged during
this stage which added a great many advantages to the learning procedures of pupils.
Such discussions created a good atmosphere for stimulating, retrieving, manipulating,
and evaluating chemical concepts and principles which enriched the pupils' knowledge
and understanding of chemistry as well as developing their attitudes towards science.

In this stage pupils also had to write what apparatus was required for the
execution of the experiment? Having finished all this (part 1, 2, and 3 of the project
sheet), pupils were now ready to join their partners for the actual practical work and to
solve the mini-project (the problem).

In the next phase of the laboratory work the teacher instructed each pupil to work
with a partner who is going to be named for the first time. The pupils in each pair
discussed together a best plan for tackling the given problem. It was possible to notice
for any pair that one of the pupils became dominant and the other pupil became a
follower in accordance with their level of intelligence and cleverness in the subject (it
seems that pupils estimate such levels in each other from daily progress and
communication in any given subject). However, a single agreed plan finally emerged
from the pair nominated for the experimental work. The teacher checked the agreed plan
for safety and gave the green light to start the job.

The third phase comprised of the actual work (part 4 of the project sheet). In this
phase pupils set up the apparatus and started doing the experiment. They might need
help in some stages and thus teachers could assess such help given and using the lower
column of boxes in the project sheet to record the frequency of help if any. and by a
similar procedure to the previous one which was applied in section 2 of the project
sheet.

In the instruction part of the mini-project booklet, Hadden and Johnstone
(1990)“34’ have specified up to one hour (or a duration of a 'double period" if periods

are of 30-35 minutes duration) as a time limit for such projects. Therefore, each pair
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should be advised to keep some time before the end of the laboratory session for the
writing up of the actual work done with the conclusions and diagrams if any. The
pupils could use the back of the project sheet to write their procedures and conclusions.

At the end of the period, all sheets were gathered from the pupils. The assessor
(the researcher here) then converted the written materials and the frequency of help
given into numerical scores by using the marking scheme shown in the assessment

sheet of the mini-projects (figure 6.4).

6.4 The Pupils' Attai in_the Mini-Proi

Having prepared a plan for the evaluation of mini-projects, practical sessions of
mini-projects took place in each school selected for the present study. The sample of
schools was asked to do a mini-project for research purposes and not only for the
school purposes. Schools were free to select a number of projects from the booklet for
testing on their pupils in accordance with each school's facilities and equipment
available.

It is intended in this chapter to show only the performance and achievements of
the pupils in mini-projects and therefore no correlations between such a variable and the
psychological variables studied in the previous chapters will be plotted or measured. All
possible correlations will be discussed in the next chapter.

Samples of the pupils answers in mini-projects which were obtained during the
practical sessions administered in schools are exhibited in figure 6.5 (a), (b), and (c).
Moreover, additional samples of the mini-projects answers are to be shown in appendix

5.
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Figure 6.5 (a) A sample of a pupil's answer in a mini-project.
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1. THE PRODLEN:

You have to find which drop has the larger volume: the drop from
the buretts or the drop from the pipette.

2, JOUR FIRST PI4N;
Beed vhat you have been asked to do carefully

again.
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Figure 6.5 (b) A sample of a pupil's answer in a mini-project.
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1. THE PROBLEN:

A manufacturer is designing a new machine wvhich will supply cups of tes
when a coin is put into the machine.

You have to find out vhich of the types of sugar you have been given is
the bdbest one to use in the machine.

2. YOUR FIRST PLAN:

Read vhat you have been asked to do carefully again.

Now writs down here your FIRST PLAN for vhat you intend to do:

/ ."*h,JW‘_"wlﬁ wE e

Pty A p‘“,vuﬁ,‘?-f&w ..

i M}a—f"/""’ﬁ’dd*
e am»—d/"'ﬂgf"/(f‘/“

_ﬂ_‘,,‘“’__/m.,./n—.auzya,'. ~t A 0 pae
LT T S Rt e ot Rt e n

ask your teacher for some help.)

2l
N
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Think carefully about the apparatus you think you will need to carry out
your plan as an experiment.
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Figure 6.5 (¢) A sample of a pupil's answer in a mini-project.
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After each practical session, the pupils sheets were gathered and assessed
according to the research assessment plan which was mentioned earlier. It took about a
year of this research to get all the sample from the five schools (217 pupils) tested in the
mini-projects. The mean score and the standard deviation of the sample’s attainments in
the mini-projects are shown in table 6.1. In addition to that a scatter diagram of the
pupils' scores in the mini-projects versus the frequency and number of pupils who

obtained such scores is plotted as could be seen in figure 6.6.

Table 6.1

The sample mean score and standard deviation in the mini-projects

No. of pupils in the Mean score Stapdz}rd
sample deviation

217 9.07 2.49
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Figure 6.6 The sample scores in the mini-projects versus the frequency number of

pupils.

6.5 Summary

The study has created its own method of assessment for a new practical problem-
solving element in the school chemistry called mini-projects. According to this
assessment method, pupils' work could be assessed in a scale of 15 marks. Such a
method would not be affected if pupils are asked to work individually or in pairs or
threes.

In fact, the way to assess pupils doing projects together in a laboratory is deemed
to be extremely difficult. The pupils' collaboration in working in a laboratory would
demand a number of teachers to supervise, help and assess pupils. At the end of the

day, teachers would find themselves forced to use the pupils responses (sheets) as the
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best material production to represent the pupils achievement. It would be rather difficult
to record the help given to the pupils during the work. Moreover, the creativity in
thinking and in designing experiments would have no room in the normal practical
work in the laboratory. Thus, the research method of assessment was keen not to
ignore any contribution from either the teacher or the pupil. In this way it was possible
to draw a clear picture of the performance and achievement of pupils whether they were
working in threes, in pairs or individually.

There are several abilities involved in the mini-projects“SZ)

, the assessment
method of the present study aimed to assess as many as possible of such abilities, it
relies on chemistry, on one hand, and on education and psychology, on the other hand.
The assessment sheet of mini-projects is devoted to the measurement of the pupils'

chemistry achievement and their creativity in doing and designing experiments in the

laboratory.
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CHAPTER SEVEN

THE RELATIONSHIPS BETWEEN MINI-PROJECTS ATTAINMENTS
AND VARIOUS PSYCHOLOGICAL FACTORS USED IN THE
RESEARCH

7.1 Introduction

The ultimate situation in this piece of work will be reached when the pupils'
attainments throughout the mini-projects are placed against their achievement in the
various psychological tests which have been employed in the study. It is by plotting all
the variables involved in the research against each other that the researcher may
discover new correlations which emerge and result in new hypotheses for science
education.

The five hypotheses which are raised in chapter five need now to be either
supported or rejected. This chapter will deal with such hypotheses and will discuss any
other results which may be obtained.

Having classified pupils into certain categories according to the psychological
factors used (in the previous chapters), it is necessary to follow the pupils in their
performance in practical problem-solving in chemistry. It should enable us to
understand what is the nature and the level of performance of each group in mini-
projects or in other activities which require creative thinking ability.

The final production of such work may assist educators to place emphasis upon
the needs of pupils in secondary level when they perform practical problem-solving in
chemistry, it may also underline the faults and defects of the general schools’ practical

activity (syllabi, planning, and objectives) compared to the use of creative tasks such as
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mini-projects. Moreover, this may remind and stimulate the thinking of educators in
what kinds of teaching are essential to enhance creativity, and of the degree of attention

which must be given to different categories of pupils in their learning processes.

7.2 Plotting the Field-Dependent/Field-Independent Thinking Styles of

. « e

The field-dependent/field-independent psychological factor was used in the
researcher's previous work' ™ . It was plotted versus the pupils' and students'
achievement in conventional chemistry examinations and resulted in a positive
correlation between the two variables.

However, no attempt was made in that early work to correlate between the field-
dependent/field-independent factor, on one hand, and the chemistry which is involved
in practical work or problem-solving such as mini-projects. Therefore, it is worth
looking for any correlation which could be obtained between the field-dependent/field-
independent factor versus practical problem solving in chemistry factor - especially
those - which require a creative thinking ability from the pupils such as the mini-
projects in chemistry?

Accordingly, the pupils' scores in the mini-projects have been plotted as a
variable versus their field-dependent/field-independent score as the other variable with
the result that a very significant correlation emerged as the Pearson Product-Moment

153, 15
( b could then be

Correlation Coefficient (r) was 0.30. The null hypothesis

rejected at a 0.1% level. Figure 7.1 shows such a correlation.
This indicates that pupils who scored highly in the mini-projects practical work

tend to be field-independent while pupils who obtained low scores in such projects tend

to be field-dependent. Similar correlations emerged from the researcher’s previous

work ™!, the pupils' scores in the field-dependent/field-independent test correlated
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significantly with their scores in the conventional chemistry examinations.

It is evident from the present study that there is a stronger correlation between
field-dependent/field-independent and mini-projects (score 0.1%) than the correlation
between field-dependent/field-independent and conventional chemistry examinations
(score 5%). This fact is apparent between the two variables (mini-projects and field-
dependent/field-independent variables) from studying the degree of confidence in the

(153, 154)

rejection of the null hypothesis which appeared to be at the 0.1% level in the

mini-projects situation, whilst the null hypothesis was rejected at the 5% level in the

1

conventional chemistry examinations situation

Score on the mini-projects

o 1T Tl rrrrryrvv1r o170 T T

0 2 4 6 8 10 12 14 16 18 20
Score on the F. D. & F. IND. test

Pearson Correlation = 0.30 Degrees of freedom =215  Tail probability = 0.00

Significant at a 0.1% level.

Figure 7.1 The pupils' score attainments in the mini-projects versus their scores in

the field-dependent/field-independent test.
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7.3 Plotting the Cony Diy Thinking Styles of Pupil
y he Mini-Proiects Attai

The next stage of this work is to study the relationship between the
convergent/divergent thinking styles of pupils and their attainments in the mini-projects
in chemistry. It is intended to allow us to understand whether pupils whose ability
consists of a narrowing in focus, a winnowing down of detail and an imaginative
austerity (convergent pupils), will perform and achieve better in the mini-projects than
the pupils who have an "ability to synthesize and recombine material to form new
solutions to problems (divergent pupils)” 60,

As a response to the above question, the researcher plotted the pupils' scores in
the convergent/divergent tests versus their scores in the mini-projects as exhibited in
figure 7.2.

Pupils who obtained high scores in the convergent/divergent tests (divergent
pupils) obtained again high scores in the mini-projects, while the pupils who obtained
low scores in the convergent/divergent tests (convergent pupils) obtained low scores in
the mini-projects too. The scatter diagram in figure 7.2 shows a very significant
correlation (r = 0.29) that emerged from plotting the two variables against each other:

(153,159 . ,u1d therefore be rejected at a 0.1% level.

the null hypothesis
It seems that the convergent thinking ability may not assist pupils in performing
practical problem-solving in chemistry particularly when the practical tasks require a

creative and imaginative thinking ability.
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Figure 7.2 The pupils’ score attainments in the mini-projects versus their scores in

the convergent/divergent tests.

Building on what has emerged so far in this section, (i) pupils who are field-
independent seemed more likely to be divergent thinking pupils (both performed well in
the mini-projects) as appeared from figure 7.1 and 7.2, on the one hand, and (ii) pupils
who are field-dependent seemed more likely to be convergent thinking pupils (both not
performed well in the mini-projects) as appeared from figure 7.1 and 7.2. on the other
hand. It has emerged statistically (as shown in table 7.1) that the field-independent
pupils of the researcher's sample tended to be divergent pupils (59% of the field-
independent pupils were divergent pupils), whereas the field-dependent pupils of the

research's sample tended to be more likely convergent pupils (57% of the field-
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dependent pupils were convergent pupils). These results (in table 7.1) are significant at

better than a 10% level as the Chi-square value is equal to 3.19.

Table 7.1
The percentage of field-dependent and field-independent pupils who are at the same

time convergent or divergent thinkers

'\Gmu | Fo. [ FnD.
P N=63| N=81
Con. 36 33
7% 1%
Div. 27 48
43% 59%

However, these linkages will be discussed further in the next sections of this

chapter to enable this research to form a final picture about the sample of pupils.

7.4 The Motivational Patterns of Pupils Versus the Mini-Projects
Attainments

The third psychological factor which has been used in this study is the motivation
factor. The sample of the research was divided earlier in chapter four into four
motivational patterns; the achiever, the conscientious, the curious, and the social.

The patterns competed against each other for the highest achievement in the mini-
projects. It was aimed to find out whether these motivational patterns of the pupils had
any influence on their performance in mini-projects.

The results showed that the achievers obtained the highest mean score, the

curious came in the second place, the social and the conscientious obtained almost the



168

same mean score. However, the social came marginally in the third place and the
conscientious in the fourth place. Table 7.2 exhibits these mean scores of the pupils’

motivational patterns.

Table 7.2

The mean scores of the pupils’ motivational groups in the mini-projects

o The Mean The
M B L
otivational Pat:‘ems Scores in Mini- | Standard
N=178 Projects Deviation
The Achiever 10.95 2.01
N=11
The Conscientious 8.79 2.22
N=78
The Curious
9.96 1.93
N= 32
The Social 8.91 2.66
N=57

* Total number of pupils who were categorised as belonging to certain
motivational patterns. 39 Pupils of the total number of the sample (N = 217) were
ignored by the study either because they did not attend any motivation test (N = 4) or
did not clearly belong to any motivational pattern (N = 35).

. ) i . . (21, 74, 83, 83,
These results are consistent with attributes found in the literature >

%) The achiever pupil was in the first place, he/she is more able than others to obtain
high scores in the mini-projects. This could be due to the fact that the achiever thinking
style is more likely to be a field-independent and a divergent style (see figures 5.7, 5.9,
pages 1335, 138 respectively) which aids him/her in achieving well in practical problem-

solving in chemistry.
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Following in second place was the curious pupil. This pupil is eager to do
practical problem-solving and is capable of creating relevant thoughts for solving such
tasks. The curious pupil is also more likely to be a field-independent and a divergent
thinker (see figures 5.7, 5.9, pages 135, 138 respectively). Thus, it will be expected
that such a pupil could perform well in the mini-projects.

The ranking of the conscientious and social pupils was the last in the competition
for the highest score in mini-projects. Both pupils achieved similarly, but the social
pupils obtained a slightly higher mean score than the conscientious one. Such a
difference between both mean scores is not significant but it shows, to a slight extent,
that the social pupil may perform better than the conscientious pupil in mini-projects.
The social pupil may enjoy doing mini-projects more than the conscientious and if so, it
1s due to the nature of each social motivational preference. The social pupil likes to
participate in any activ&ty which requires groups of pupils working together and he/she
does not mind participating in learning activities such as the mini-projects, while the
conscientious pupil feels insecure in performing such activities which have no
instructions and it is of no consequence whether he/she is asked to work in a group of
pupils or individually. Moreover, it has been found (see figures 5.7, 5.9, pages 135,
138 respectively) that the social pupil is more likely to be a field-independent and a
divergent thinker, while the conscientious pupil is more likely to be a field-dependent
and a convergent thinker. Thus, the social pupil could be expected to perform better

than the conscientious pupil in mini-projects.

7.5 The Interaction between Field-Dependent/Field-Independent and

In order to understand the various possible patterns which may emerge from
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correlating all the psychological factors involved in the present study versus each other
and versus the pupils’ achievements in mini-projects at the same time, the researcher

intends to study such possibilities of patterns in the following sub-sections.

7.5.1 The Attainments of Field-Dependent/Divergent and Field-
D tent/Cony Pupils in the Mini-Pro;

According to hypothesis (1) which has been set out in chapter five (the
divergent field-dependent pupils may be expected to achieve better at practical problem
solving in chemistry such as the mini-projects compared to the convergent field-
dependent pupils).

The mean scores of field-dependent/divergent (FD.D1V) and field-
dependent/convergent (FD.CON) pupils in mini-projects are set out in table 7.3. It is
evident from table 7.3 that the FD.DIv pupils performed and achieved better in mini-
projects than the FD.coN pupils which may support, to some extent, what was
predicted in hypothesis (1). However, the difference in the mean scores between
both groups is not significant, but it is still an indication which may show that FD.DIV
pupils are more capable than their FD.CON colleagues in dealing with projects which
require a creative thinking ability.

Although a pupil may have a field-dependent thinking style, being divergent in
his/her way of thinking could be more helpful than being convergent in tackling

chemical problems which by their nature require some sort of a creative thinking ability.
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Table 7.3

The mean scores of FD.DIvV and FD.CON pupils in the mini-projects

Groups FD. DIV. FD. CON.

\ N=27 N =36

Mean scores

in the 8.8 7.5
Mini-Projects

7.5.2 i ield- . .
[ndependent/C Pupils in the Mini-Proi

Having studied the performance of FD.DIV and FD.CON pupils in the mini-
projects. it is beneficial now to study the performance of field-independent/divergent
pupils (FIND.DIv) and field-independent/convergent pupils (FIND.CON) in the mini-
projects too in order to understand the differences between the various learning styles in
performing the mini-projects.

According to hypothesis (3) which has been set out in chapter five (the field-
independent convergent thinkers could be expected to display a poorer performance and
achievement in practical problem-solving in chemistry compared to the field-
independent divergent thinkers). It is a prediction which may place an emphasis on the
preference for being a divergent thinker rather than a convergent thinker in dealing with
practical problem-solving in chemistry even though a pupil is field-independent.

The mean scores, as shown in table 7.4, indicate that FIND.DIV pupils performed
slightly better than FIND.CON pupils in the mini-projects tasks. Although, the
difference between both mean scores is not significant, it may give some support to

what has been predicted in hypothesis (3).
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Table 7.4

The mean scores of FIND.Div and FIND.CON pupils in the mini-projects

N =48 N=33

Groups

Mean scores

in the 10.1 9.5
Mini-Projects

It could be that being field-independent may help you to deal with tasks which
require a creative thinking ability. The capability of such pupils may come from their
strategies and their ways of handling the materials involved in any problem. In a
problem-solving situation, field-independent pupils are more able than others to
separate the 'signal’ from the 'noise’. Thus, they are using a considerable amount of
their potential working space capacity in useful processing compared to other pupils
who have difficulties in the separation between the 'signal’ from the 'noise’ and for
whom the 'noise’ captures some of their potential working space leaving a reduced

. (13)
space for useful processing =~

7.5.3 The Attainments of Convergent/Field-Independent and
Convergent/Field-Dependent Pupils in the Mini-Projects

The other way of looking at the data obtained from the mean scores of pupils in
mini-projects which have been calculated in the last two sub-sections is by reversing the
pictures of the pupils’ psychological factors (F.D./F.IND. and CON./DIV. only).

The convergent/field-dependent pupils (CON.FD) obtained low scores in the mini-
projects (the mean score = 7.5) compared to their convergent/field-independent

colleagues (CON.FIND) (the mean score = 9.5) as shown in table 7.5. This could be
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interpreted as due to the importance of the field-independent thinking style in pupils as
explained in sub-section 7.5.2. Moreover, the results of this sub-section may support
the prediction of the research which concerns the achievements of CON.FD and
CON.FIND pupils in the mini-projects and as it has been assumed in hypothesis (4) in
chapter five (the achievement of field-independent convergent pupils in practical
problem-solving in chemistry may be better than field-dependent convergent pupils.
This could be due to the field-independent thinking style which plays a very important
role in dominating the performance and achievement of pupils in tasks).

The researcher was aware from the beginning of the importance of field-
dependent/field-independent psychological factor in pupils learning and therefore he
used this factor in the study, allowing it to interact with other aspects in psychology, to
understand its influence on the performance of pupils in practical problem-solving in

chemistry.

Table 7.5

The mean scores of CON.FD and CON.FIND pupils in the mini-projects

CON. gp [CON. pnp
Groups

\ N =236 N=133

Mean scores
in the 7.5 9.5
Mini-Projects

According to the mean scores of pupils in mini-projects, the divergent/field-

independent pupils (DIV.FIND) performed and achieved better than the divergent/field-
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dependent pupils (DIV.FD) as shown in table 7.6. Therefore, such results could support
the research prediction which has been represented in hypothesis (5) in chapter five
(the divergent field-independent pupils could be expected to perform and achieve better
in the open-ended tasks rather than the divergent field-dependent pupils, they are more
curious, more achiever, more social, and less conscientious than the convergent

pupils).

Table 7.6

The mean scores of DIV.FD and DIV.FIND pupils in the mini-projects

DIV. o |PIV. g
Groups '
\ N =27 N =48
Mean scores
in the 8.8 10.1

Mini-Projects

Being a divergent and a field-independent thinker seems to enhance performance
in practical problem-solving. The divergent thinking style would facilitate the pupils'
thoughts and would help towards the application of creative thinking styles to the tasks.
On the other hand, the field-independent thinking style would promote the processes of
the working space capacity by allowing a pupil to benefit from using his/her mental
capacity to a greater extent.

It is evident from the present section (7.5) that the various learning styles of
pupils had an effect on the pupils' performance in mini-projects. If a vertical line is
drawn along the performance of pupils in the projects, the pupils who would be placed
at the top of this line would be the FIND.DIV pupils who showed the strongest
performances in the projects (the mean score is 10.1), while the pupils who would be

placed at the bottom of this line would be the FD.CON pupils who showed the weakest
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performances in the projects (the mean score is 7.5). The FIND.CON pupils come in the
second place along the vertical line, and the FD.DIV pupils come in the third place along
the line. Another way of presenting the pupils’ groups and mean scores is by

distributing them along vertical and horizontal axes as exhibited in figure 7.3.

F.IND.

CON. DIV.

F.D.

Figure 7.3 Using field-dependent/field-independent and convergent/divergent

thinking styles in distributing the mean scores of pupils in mini-projects.

The ultimate picture that this research could reach is when all the learning styles of
pupils used in the study are plotted against each other. The results of such a plot would
be various groups of pupils with various learning styles.

In fact, it is the aim of the present research to study the influence of pupils’
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various leaming styles with their possible overlapping pictures on the performance of
pupils in practical problem-solving in chemistry. This assignment may require a study

of the following groups which have emerged earlier in the work (chapter five).

7.6.1 The Studv of the Achiever Pupils Group

Achiever pupils is the group which perform best in the mini-projects. However, it
is the concern of the research to understand the effectiveness of other learning styles
which the achiever pupils may have and their influence on performing practical
problem-solving in chemistry.

The achiever group could be divided into five different categories of pupils; (i) the
field-dependent/divergent (ii) the field-dependent/convergent (iii) the field-
independent/divergent (iv) the field-independent/convergent (v) and the field-
intermediate/divergent or convergent achievers (those achievers were omitted from the
present study).

Table 7.7 exhibits these groups of achievers with their mean scores in the mini-
projects. It is apparent from table 7.7 that achiever pupils, in general, tend to be
divergent thinkers and not convergent thinkers as no achiever pupils was found to be
convergent. However, the sample of the achievers which emerged in the present study
is such a small sample that it does not permit of more useful interpretations on behalf of
the achiever pupils' behaviour. Moreover, 7 pupils were categorised as belonging to the

field-intermediate group which was omitted earlier from the study.
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Table 7.7

The mean scores of the achievers with their various learning styles in the mini-projects

*

. F.D. F.D. | F.IND. | F.IND. | F. INT.
Various Groups of & & & & &

Achievers DIV. CON. DIV, CON. Jotv.or con.
N=11 N=1 N=0 N=3 N=0 N=7

Mean Scores in

the 13.00 - 11.00 - Ignored
Mini-Projects

* Field-intermediate pupils (either convergent or divergent) who were omitted from

the study.

7.6.2 The Study of the Conscientious Pupils Group

The same procedure which was used in studying the achievers group was
repeated for the conscientious pupils group attempting to understand the influence of
various learning styles on the performance of such pupils in the mini-projects.

Table 7.8 has shown how the conscientious pupils who have various other
learning styles achieved in mini-projects. The field-independent/divergent conscientious
pupils appeared to be the best group of conscientious pupils in performing the mini-
projects. On the other hand, the field-dependent/convergent conscientious pupils
seemed to be the worst group of conscientious pupils in performing the mini-projects.
The field-independent/convergent and the field-dependent/divergent conscientious

pupils came in between these two groups in the second and third place successively.
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Table 7.8

The mean scores of the conscientious pupils with their various learning styles in the

mini-projects

Various Groups of F.D. F.D. | F.IND. | F.IND. | f, INT.*
Conscie[ltious & & & & &
Pupils DIV. CON. DIV. CON. ]orv.orcon.
N=78 N=14 N=20 | N=12 | N=12 N=20
Mean Scores in
_ the 7.96 6.48 10.25 9.50 Ignored
Mini-Projects

* Field-intermediate pupils (either convergent or divergent) who were omitted from the

study.

7.6.3 The Study of the Curious Pupils Group

This group of pupils was expected to perform well in the mini-projects as curious
pupils are considered to be those pupils most interested in doing practical problem-
solving in chemistry particularly when such tasks do not involve rigid instructions and
require the creativity of pupils.

The results, as shown in table 7.9, demonstrate that curious pupils performed
extremely well in the mini-projects. Their mean scores ranged between 8.6 to 11.35
which are considered to be high mean scores and high achievements compared to their

colleagues in their achievement in practical problem-solving in chemistry.
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Table 7.9

The mean scores of the curious pupils with their various learning styles in the mini-

projects
*
F.D. F.D. | F.IND. | F.IND. i
Various Groups of & & & & F. I‘QT‘
Curious Pupils DIV. CON. DIV. CON. |or. or con.
N=32 N=2 N=4 N=10 | N=3 N=13
Mean Scores in
the 10.50 8.62 11.35 10.80 Ignored
Mini-Projects

* Field-intermediate pupils (either convergent or divergent) who were omitted from the

study.

It is believed from such results that curious pupils are always have the potential
for high attainments in mini-projects. This could be due to their thinking styles which
are more likely to be the divergent and field-independent thinking styles. The curiosity
of these pupils may assist them in achieving quite well in tasks requiring creative
thinking abilities such as in doing the mini-projects.

7.6.4 The Study of the Social Pupils Group

The same procedure which has been applied on the previous motivational groups
was applied to the social motivational group. The pupils were divided into five
categories to find out which category achieved best and to determine which
characteristics would emerge to describe this pattern in motivation.

Table 7.10 displays the mean scores of the social pupil categories. The results

demonstrate that the social pupils who are field-independent/divergent obtained the
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highest mean score compared to other categories of the social pupils. On the other
hand. social pupils who are field-dependent/convergent obtained the lowest mean score

of the social pupils.

Table 7.10

The mean scores of the social pupils with their various learning styles in the mini-

projects
*
F.D. F.D. | F.IND. | F.IND. .
Various Groups of & & & & F. I‘ST'
Curious Pupils DIV. CON. DIV, CON. Joiv.or con.
N=5§7 N=7 N=9 N=17 N=10 N=14

Mean Scores in

the 8.28 7.38 9.44 9.00 Ignored
Mini-Projects

* Field-intermediate pupils (either convergent or divergent) who were omitted from the

study.

The social pupils who are field-independent/convergent came in the third place in
achievement, while the social pupils who are field-dependent/convergent came in the

last piace as they obtained the lowest mean score in mini-projects.

7.6.5 Th f Field- ent/Divergent Pupils Group

The results which have been obtained from section 7.6.1/2/3/4 were re-arranged
in a new way as shown in table 7.11. In such a table, the horizontal rows represent the
four motivational patterns of pupils which have been taken into consideration earlier in
this section. The vertical columns represent four other groups of pupils. These are; (i)

the field-dependent/divergent (ii) the field-dependent/convergent (ii1) the field-
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independent/divergent (iv) and the field-independent/convergent pupils.

It emerges, as table 7.11 clearly shows, that field-dependent/divergent pupils who
are recognised as belonging to the achiever motivational pattern obtained the highest
mean score over the other motivational patterns of pupils in this group of pupils (with a
recognition that only one pupil found in this group was an achiever). The second best
performance or achievement which occurred in this group appeared to be from the

pupils who were recognised as belonging to the curious motivational pattern.

Table 7.11

The whole picture of the performance of various groups of pupils in the mini-projects

Yarious Groups of| F.D. F.D. |F.IND | F. IND.
Pupils & & & &
. DIY. CON. DIY. CON.
Total = 124
Mean Scores of
Achiever Pupils 13.00 - 11.00 -
in Mini-Projects
) N = N=0 N=3 N=20
Mean Scores of
Consc. Pupils 7.96 6.48 10.24 9.50
in Mini-Projects | jy_ 14 | N=20| N=12| N=12
Mean Scores of
Curious Pupils 10.50 8.62 11.35 10.8
i ini-Projects
In Mini-Projec N=2 N=4 |[N=10] N=
Mean Scores of
Social Pupils 8.28 7.38 9.44 9.00
in Mini-Projects N=7 N=9 |n=17]N=10

* 54 Pupils were ignored from the study as they tended to be field-intermediate pupils.

The third and the lowest mean scores in this group (field-dependent/divergent
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pupils) obtained from pupils who were recognised as belonging to the social and the
conscientious motivational patterns successively. Figure 7.4 is drawn in order to show
such differences appeared in the mean scores of field-dependent/divergent pupils

according to their motivational patterns.

Mean scores in the mini-projects

Achiever Conscientious Curious Social

The field-dependent / divergent pupils of
the whole sample

Figure 7.4 The attainments of field-dependent/divergent pupils in mini-projects in

accordance with their motivational patterns.

7.6.6 The Study of the Field-Dependent/Convergent Pupils Group

The second column which has been studied vertically is the column which
comprises of the field-dependent/convergent pupils. The achiever pupils of this group
could not show a field-dependent/convergent learning style in thinking as no achiever
pupil behaved as field-dependent/convergent. This could be because either (i) such

pupils may not be likely to have such a way of thinking (ii) or this may have happened
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simply as a fluke.

Nevertheless, the curious pupils of this group appeared to be the best in
performance in the mini-projects. Following the curious pupils in performance were the
social pupils, while the conscientious pupils appeared to be at the bottom of the list of
groups as they obtained the lowest mean score in this group of pupils. The various

levels of performance in mini-projects are shown in figure 7.5.
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Achiever Conscientious Curious Social

The field-dependent / convergent pupils of
the whole sample

Figure 7.5 The attainments of field-dependent/convergent pupils in mini-projects in

accordance with their motivational patterns.

The general performance of this group (field-dependent/convergent pupils) seems
to be below the average. These pupils are believed to have difficulties in performing
practical problem-solving in chemistry. It could be that such pupils require special care

in learning skills involved in the problem-solving matters, and they may need more



184

training and more stimulation than others in order to boost their creativity.

7.6.7 The Study of the Field-Independent/Divergent Pupils Group

In general, the attainments of the field-independent/divergent pupils emerged as
above the average. These pupils may be the best in performing practical problem-
solving in chemistry. The highest performance of this group of pupils in mini-projects
is due to their learning thinking styles. Figure 7.6 displays the achievements of these

pupils in mini-projects.

2

Mean scores in the mini-projects

Achiever Conscientious Curious

The field-independent / divergent pupils of
the whole sample

Figure 7.6 The attainments of field-independent/divergent pupils in mini-projects in

accordance with their motivational patterns.

However, the curious pupils of this group came in the first place in the

competition for the highest mean score. The achiever followed the curious pupils in
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obtaining the second highest mean score in the group. The third place was occupied by

the conscientious pupils, while the last one was taken by the social pupils.

7.6.8 The Study of the Field-Independent/Convergent Pupils Group

In this group, the achiever pupils failed again to appear as field-
independent/convergent pupils. This could be interpreted as either happening by
chance, or because the achiever pupils who are field-independent tend to think in a
divergent rather than a convergent way.

Nevertheless, the curious pupils achieved in the first place. the conscientious
pupils followed in the second place, while the social pupils came in the last place.

Figure 7.7 displays the achievements of this group of pupils in the mini-projects.
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The field-independent / convergent pupils
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Figure 7.7 The attainments of ficld-independent/convergent pupils in mini-projects

in accordance with their motivational patterns.
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77 AR of Data Gathered for the Mini-Proi

Until this section of the present research, the researcher has dealt with individual
groups of pupils which were obtained from various horizontal and vertical axes set out
in table 7.11. The purpose of this was to study the effectiveness of the different
learning styles of pupils on their performance in the mini-projects. The results obtained
from table 7.11 were drawn in two different ways as shown in figure 7.8 and 7.9. It is
to facilitate the understanding of the combined picture which would emerge from the

present research.
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* This group has been neglected from the research as comprises of one pupil only.

Figure 7.8 The combined picture of the attainments of various groups of pupils

(various learning styles) in the mini-projects.
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Figure 7.9 The combined picture of the attainments of various groups of pupils

(various learning styles) in the mini-projects.

The time now is come to study, in a comparative way, the influence of such
various learning styles on the pupils’ attainments in mini-projects. In other words, it is
to take into consideration the meaningful interactions which surround all the axes (the
horizontal and vertical axes with their boxes) involved in table 7.11 versus each other,
on one hand, and versus the mean scores in mini-projects, on the other hand.

1 - Studying the horizontal and vertical strips in table 7.11 to find out the best group
(a single box) in achievement, it emerged that the best achievement which has
been obtained in performing the mini-projects comes from the field-
dependent/divergent and achiever group of pupils (mean score = 13) which, in
fact, failed to contain more than one pupil. Therefore, this group cannot be

significantly considered and will be neglected from the study. Thus, the best
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group of pupils in achieving of the mini-projects is considered to be the field-
independent/divergent and curious group which obtained a mean score of 11.35.
The second group in the best achievement in the mini-projects is the field-
independent/divergent and achiever group of pupils, these pupils obtained a
mean score of 11.00. The field-independent/convergent and curious group of
pupils comes at the third place. On the other hand, the worst group which
achieved the lowest mean score in the mini-projects appears to be the field-
dependent/convergent and conscientious group of pupils.

2 - The other way of looking at the data obtained from table 7.11 is by studying the
achievements of the various groups of pupils in columns and rows (vertically
and horizontally). This would be achieved if the mean scores of pupils were
averaged in each vertical and horizontal column to provide the research with the
actual picture of each group's attainment and in columns. Having done that, the
picture of the attainments in mini-projects (excluding the field-intermediate pupils
as well as neglecting the achiever mean scores horizontally as some their boxes
contain no pupils) appeared to be as follows:

(i) The highest averaged mean scores obtained from the curious pupils (a
third row) with an average of 11.00.

(i) The second highest averaged mean scores obtained from the field-
independent/divergent pupils (a third column) with an average of 10.23.

(i) The lowest averaged mean scores obtained from the conscientious pupils
(a second horizontal column) with an average of 8.24. However, it was
found that the averaged mean scores of the conscientious and social
pupils along the second and the fourth columns were quite similar (the
averaged mean scores of the social pupils was 8.71).

From table 7.11 and in general, the achiever pupils have never been shown to be
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field-dependent/convergent or field-independent/convergent thinkers (as no achiever
pupils were obtained in these groups). Instead, they appeared to be divergent rather
than convergent thinking pupils.

The curious pupils seemed to be the best pupils in performing the mini-projects.
Moreover, the field-independent/divergent and curious pupils seemed to be the best
pupils in the sample in achieving high scores in mini-projects.

The social and the conscientious pupils, as stated above, performed similarly in
mini-projects. However, the field-dependent/divergent and the field-
dependent/convergent pupils of the social group achieved better than their colleagues
with the same learning styles and who belong to the conscientious group. The picture is
reversed when the reader looks at the field-independent/divergent-convergent of both
groups of pupils. The field-independent/divergent and the field-independent/convergent
pupils of the conscientious group achieved better than the tield-independent/divergent
and the field-independent/convergent pupils of the social group.

For the conscientious pupils, being field-independent will qualify a pupil as a
high achiever in mini-projects over his/her group (the conscientious group) and over the
social group. Being field-independent/divergent will more qualify a pupil for high
achievement in mini-projects over the same mentioned groups of pupiis.

For social pupils, being field-independent/divergent pupils will qualify a pupil for
the best score in mini-projects over his/her group (the social group) and over the field-
dependent/divergent-convergent pupils of the conscientious group of pupils. At the
same time, being a social pupil with a field-dependent/divergent style of thinking may
qualify a pupil for the best score in mini-projects over his/her conscientious colleague
of a field-dependent/divergent style of thinking. The same rule would be applied for the
social field-dependent/convergent pupil over the conscientious field-
dependent/convergent pupil.

A hypothesis was set out in chapter five (hypothesis §) concerning the
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attainments of field-independent pupils who are divergent in the mini-projects. This
hypothesis has predicted that these pupils (field-independent and divergent) who are
either achiever or curious pupils would achieve better than field-independent pupils
who are convergent and who belong to any motivational pattern. The results emerging
from table 7.11 support such a hypothesis. Such groups of field-independent pupils

obtained higher mean scores than the rest of field-independent pupils.

7.8 A Mode] Emerged from the Research which Systematises the
Iof f Various | ing Sty] he Perf ¢ Pupils i
he Mini-Proj

Being aware of the achievements of various groups of pupils in the mini-projects,
the influence of the psychological factors used in the present study may become
understandable.

A number of deductions have arisen from the overall results about the priority and
the degree of effectiveness of such psychological factors on the pupils’ achievement
and performance in practical problem-solving in chemistry.

The first deduction is that the field-dependent/field-independent learning styles

may be the most important styles of thinking in performing the mini-projects. Being
field-independent might allow a pupil to perform in a superior way while being field-
dependent tends to depress the performance of a pupil in the mini-projects.

The second deduction is that the motivational patterns of pupils may effect the

pupils' performance in mini-projects. It is believed, from the data which emerged in
table 7.11, that such effectiveness comes in second place after the effectiveness of
field-dependence/field-independence on pupils' performances.

The third deduction is that the divergent/convergent thinking styles may be

considered in the third place in importance. It seems that pupils with divergent thinking
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style are more able than their colleagues (of convergent thinking style) in achieving high
scores in the mini-projects.

In brief, it is found in this study and from the mean scores of pupils with various
learning styles (table 7.11) that field-independence/field-dependence are more effective
than the motivation and divergence/convergence in performing the mini-projects. The
priority thus is given in the first place to the field-independent/field-dependent learning
style in performing practical problem-solving in chemistry.

Therefore, the predictive influence of the field-independent factor in performing
the mini-projects, as exhibited in table 7.12, is considered to be a positive influence
(arrow to the right) which enhances the achievement, while it is a negative influence
(arrow to the left) for the field-dependent factor which lessens the achievement.

For the motivation factor, the predictive influence of the achiever pattern in
performing the mini-projects is considered to be a positive influence which enhances
the achievement. It is a positive influence again (arrow to the right) with the curious
pattern leading to an enhancement in achievement. Whilst, a negative influence (arrow
to the left) which may lessen the achievement in performing the mini-projects would be
expected of the conscientious and the social patterns.

For the convergent/divergent thinking styles, a positive influence (arrow to the
right) would be expected of the divergent style which enhances the achievement, while
it is a negative influence (arrow to the left) would be expected of the convergent style in
thinking which lessens the achievement in mini-projects.

1- Building on this, the achievements of many groups, as shown in table
7.12, could be now justified. For example, having three positive arrows
(to the right) would enhance the pupil's achievement to its best level (as
occurred with the field-independent/divergent and achiever pupils who
obtained a mean score of 11.00 or field-independent/divergent and curious

pupils who obtained a mean score of 11.35), while having three negative
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arrows (to the left) would lessen the pupil's achievement to its worst level
(as occurred with the field-dependent/convergent and conscientious pupils
who obtained a mean score of 6.48 or field-dependent/convergent and
social pupils who obtained a mean score of 7.38).

Furthermore, the achievement in mini-projects can be enhanced by two
positive arrows (to the right), but would be diminished if a negative arrow
(to the left) existed. For example, the achievements of field-
independent/divergent and conscientious pupils who obtained a mean score
of 10.24 or field-independent/divergent and social pupils who obtained a
mean score of 9.44 were diminished as a negative arrow were existed in
each group (because of their motivational patterns). Another example of
this category is represented by the field-independent/convergent and
curious pupils who obtained a mean score of 10.8 or field-
dependent/divergent and curious groups of pupils who obtained a mean
score of 10.50 whose their achievements were diminished as a negative
arrow (to the left) existed (the negative arrow was found because of the
convergent learning style of the first group and the field-dependent learning

style of the second group of pupils).
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Table 7.12
The model of the present study which emerged from the whole picture of the

achievements of various groups of pupils in the mini-projects

) F.D. F.D. |F.IND.|F. IND.
Yarious Groups of & & & &
Pupils DIY. CON. DIY. CON.
Towl =124 |0 | |—P >
Mean Scores of
Achiever Pupils 13.00 - 11.00 -
in Mini-Projects | —¥# Lo E
Mean Scores of | ;96 | 643 | 10.24 | 9.50
Consc. Pupils : - -
in Mini-Projects -
——— = ===
Mean Scores of
Curious Pupils 10.50 8.62 11.35 10.8
in Mini-Projects | g% | ¥ E
Mean Scores of
8.28 7.38 9.44 9.00
Social Pupils
in Mini-Projects | =% 3 - ~

~—gpe~ TO the right (positive) means o enhance the achievement in mini-projects.

-ag——— To the left (negative) means t lessen the achievement in mini-projects.

Note about table 7.12: In the boxes which contain three arrows, the upper
arrow represents the influence of the motivational patterns. the middle arrow
represents the influence of the field-dependent/field-independent learning
styles, while the lower arrow represents the influence of the
convergent/divergent learning styles on the achievements of pupils in the
mini-projects.

3- The final category in table 7.12 is the one which comprises of two negative



194

arrows (to the left) and a positive arrow (to the right). The field-
independent/convergent and conscientious pupils who obtained a mean

score of 9.50 or the field-independent and social groups of pupils who

obtained a mean score of 9.00 are examples of this category. Both groups
obtained two negative arrows because of their field-dependent learning

style and their motivational patterns which diminished their achievements
in mini-projects. However, such groups of pupils (in this category)

appeared to be good survivors compared to others since they obtained the
highest mean scores over their colleagues in the same category. This is due
to their effective field-independent leaming style. Other examples of the

same category are the field-dependent/divergent and conscientious pupils
who obtained a mean score of 7.96 or the field-dependent/divergent and

social pupils who obtained a mean score of 8.28 or the field-
dependent/convergent and curious groups of pupils who obtained a mean

score of 8.62. The first and second groups of pupils obtained a positive

arrow because of their divergent learning style, while the third group of
pupils obtained a positive arrow because of their curious motivational

pattern.

Finally, it is prudent to remind the reader that being field-independent or an
achiever or curious or divergent would give the pupil the best chance in performing
mini-projects. Furthermore, the pupil would be expected to achieve in a superior way in
mini-projects if his/her thinking style is that of field-independent/divergent/achiever or

curious styles of thinking.

7.9 Summary

The present chapter has clarified the picture of the influence of some
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psychological factors upon each other and upon the skill of practical problem-solving in
chemistry (the mini-projects).

It is found that a statistically positive correlation is obtained between the pupils’
scores in the field-dependent/field-independent test and their scores in mini-projects.
Also, the same statistical positive correlation found between the pupils' scores in the
convergent/divergent tests and their scores in the mini-projects. Therefore, field-
independent and divergent pupils are more able than field-dependent and convergent
pupils in performing mini-projects, because field-independent and divergent pupils are
more capable of dealing with problems which are surrounded by 'noise’, they are also
more capable of devising methods leading to the solutions of such problems.

It is also found in this chapter, concerning the motivation factor, that the curious
pattern is the most likely pattern for the highest scores in the mini-projects (neglecting
the performance of the achiever pattern as a very few pupils were found being achievers
in the research). The conscientious and the social motivational patterns are followed the
curious pupils in the competition, they are almost even in scores in performing the
mini-projects. The study has paid attention to the curious pupils since these pupils (no
matter how they have been recognised in their schools concerning their level of
achievement in chemistry whether it is standard or above or below the standard level)
achieved well in the mini-projects. It could be that their curiosity and creativity,
according to their particular motivational pattern, allowed them to achieve a high
performance in mini-projects.

Putting all the psychological factors in the study together versus the achievements
of pupils obtained in the mini-projects confirms that the field-independent/divergent
pupil who is belonging to the curious motivational group achieved the best mean score
(11.35) in the mini-projects (neglecting the achievement of the unique field-
dependent/divergent pupil who is an achiever). Whilst, the worst pupils in performing

the mini-projects emerged as the field-dependent/convergent pupils who belong to the
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conscientious motivational group (mean score = 6.48).

Moreover, the average of the mean scores of various groups of pupils (vertical
and horizontal columns) showed that the superior group in performing the mini-projects
is the curious motivational group (the average of the mean scores is 11.00). Followed
this group in the best achievement is the field-independent/divergent group (the average
of the mean scores is 10.23). Whilst the worst group in performing the mini-projects is
the conscientious motivational group (the average of the mean scores is 8.24).

The field-dependent/field-independent psychological factors appeared to influence
the pupils' achievements in the mini-projects in a significant way. The motivational
patterns of pupils would influence the pupils’ achievements in the mini-projects in as
significant a way as the convergent/divergent thinking styles of the pupils.

The present study has created a predictive model for the influence of various
learning styles on the performance and achievement of pupils in practical problem-
solving in chemistry. In this model, the field-independent and divergent learning styles
as well as the curious or achiever motivational patterns are believed to enhance the
pupils' achievements in the mini-projects, while the field-dependent and convergent
thinking styles as well as the conscientious and social motivational patterns are believed

to lessen the pupils' achievements in the mini-projects.
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CHAPTER EIGHT

CONCLUSIONS AND DISCUSSION

8.1 The Findings of the Present Research

The immediate section of this research is devoted to an analysis of some learning
styles of pupils and their influence on the field of practical problem-solving in
chemistry. It is a fact that teachers get confused, on occasions, when they observe
some pupils, who are supposed to be poor at science, performing and achieving well in
some forms of practical science such as those which require investigations and
explorations.

In his previous research'”, the researcher explored the effectiveness of some
psychological factors (the working space capacity, field-dependence/field-independence
and intelligence) on the performance of learners in conventional chemistry
examinations. In the present research however new psychological factors were
explored and examined to understand their influence on the performance of learners in
practical problem-solving in chemistry, particularly, on the learners who may be
described as average or below average in theoretical science and who may surprisingly
achieve well in some sorts of practical science. Such research could be considered as
complementary to the previous research, and further as a completion of the latter, in
studying and predicting the learners' performances, who are varied in their learning
styles, in theoretical as well as in practical chemistry.

The aspects which have emerged in the present study could be summarised in the
following conclusions:

(a) In addition to the pupils' holding/thinking space, field-dependence/field-

independence (based upon the information processing model) and
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intelligence, there are other psychological factors which may influence the
learning of pupils in science. For example, the convergent/divergent
thinking styles and motivational patterns may have a great influence on the
performances of pupils in science, particularly, when tasks require
explorations and creative ideas to be used for their solutions.

Three factors have been identified and studied in this thesis with their
influence on the pupils performing creative and stimulating practical
problem-solving in chemistry (the mini-projects).

The field-dependent/field-independent styles of thinking. Field-dependent
pupils would find difficulty in separating an item from its context and
would accept the context as it is. Field-independent pupils would readily
break up an organised input of information and easily separate an item
from its context. Finally, the field-intermediate pupils would come in
between these groups of pupils (omitted from the study).

The convergent/divergent styles of thinking which may again divide the
pupils into convergent thinking pupils who have thought processes which
lead them to a narrowing down of a problem to one idea, one given end,
and the divergent thinking pupils who think in such a way that ideas may
branch out and explode into new shapes and patterns.

The motivational patterns of pupils allow for a further division of pupils
into the achiever, the conscientious, the curious, and the social pupils
respectively.

The research has chosen the mini-projects as a special form of practical
problem-solving in chemistry. These projects are considered to be a new
element in school chemistry aimed at the stimulation of pupils’
motivational preferences towards creativity. Pupils themselves take

control of experiments after designing their workable methods. This could
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be a new mode of practice in problem-solving chemistry which should be
encouraged in school science.

The researcher has used several tests in order to measure the pupils'

learning styles. These tests have been designed at the Centre for Science
Education in Glasgow University. Moreover, he has designed a method
for assessment of the mini-projects, solely for the purpose of research,

since no method so far has been set up for assessing of the mini-projects
for examination purposes.

Working towards possible correlations between the various psychological
factors themselves which have been employed in the study, it was found
that the field-dependent/field-independent psychological factor correlated
positively with the convergent/divergent ways of thinking. In other

words, a field-independent pupil may be expected to be a divergent

thinker, while a field-dependent pupil may be expected to be a convergent
thinker. Motivational patterns were found to overlap with each other, and
with other psychological factors such as field-dependence, field-
independence, convergence, and divergence. The highest overlapping

pictures obtained between the motivational patterns was found to be

between the conscientious and the social patterns (their performances and
achievements in the mini-projects were similar). On the other hand, the

overlaps between all the three psychological factors involved in the study
emerged in the following ways; (i) it is more likely to be between the

field-independent, divergent, and the achiever or curious learning styles

(ii) and it is more likely to be between the field-dependent, convergent,

and the conscientious or social learning styles. However, more than one

overlapping motivational pattern is quite possible with both the groups
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(i.i1).

In the achievements for the highest mean scores in the mini-projects;
firstly, the field-independent pupils obtained higher mean scores than the
field-dependent pupils. Secondly, the divergent pupils also obtained
higher mean scores than the convergent pupils. Finally, the achiever
pupils obtained the highest mean scores compared to their colleagues
with other motivational patterns. The curious pupils achieved well too and
followed the curious in the competition for the best achievement. The
conscientious and social pupils achieved similarly in the mini-projects.
They obtained almost the same mean scores. This could be due to their
motivational patterns which significantly overlapped between them as was
seen in the present study.

Five hypotheses were proposed and then tested later in the present study
related to the influence of various learning styles on the pupils’
achievements in mini-projects.

The verification of hypothesis (1): It was found that field-
dependent/divergent pupils could achieve better than field-
dependent/convergent pupils in the mini-projects.

The verification of hypothesis (2): It was also found that the field-
independent/divergent pupils who are achiever or curious obtained higher
scores in mini-projects than the field-independent/convergent pupils who
belong to any motivational pattern.

The verification of hypothesis (3): In general, field-independent/divergent
pupils are more able than field-independent/convergent pupils in
performing the mini-projects and in obtaining the highest mean scores.
The verification of hypothesis (4): The convergent pupils who are field-

independent were found to be more able than their convergent colleagues
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who are field-dependent pupils in achievements in the mini-projects.

The verification of hypothesis (5): It was also found that the divergent
pupils who are field-independent could achieve better than the divergent
pupils in the mini-projects who are field-dependent. These hypotheses are
displayed in figure 8.1.

The pupils' field-dependence, field-independence, convergence,
divergence and motivation are very important and may play a vital role in
problem-solving procedures, particularly. in tasks which have discovery
features in their nature and which demand peculiar abilities of pupils.
However, it was found that the field-dependent/field-independent thinking
styles are more effective than the other two factors (the
convergence/divergence and motivation) in tackling such problems. The
motivational preferences of pupils featured as second in importance
according to the results which emerged in the thesis. The
convergent/divergent thinking styles appeared to be in third place.

If the groups of pupils (each group being measured according to all the
psychological factors involved in the study) were arrayed in a list in

accordance with their achievements in the mini-projects, the field-

independent/divergent/curious pupils group would be listed in first place.
The field-independent/divergent/achiever pupils group would be located in

the second one, while the field-independent/convergent/curious pupils

group would capture the third position. At the other end of such a list, the

field-dependent/convergent/conscientious pupils group would capture the

bottom position in their achievement in the mini-projects {although to
make such allocations the field-dependent/divergent/achiever pupils

should be neglected as such a grouping comprises of only one pupil).
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Another array may be visualised from the research. If the four mean

scores in each horizontal and vertical column of the research’s various

groups of pupils (as shown in table 7.11 or 7.12 in chapter seven) were

averaged. the highest attainments would be obtained from the curious

pupils in the third row (average mean scores of the curious’ groups of
pupils is 11.00) and would be followed by the attainments of the field-
independent/divergent pupils in the third column (average mean scores of
the field-independent/divergent groups of pupils is 10.23) . Whilst, the

lowest attainments would be obtained from the conscientious pupils in the
second row (average mean scores of the curious' groups of pupils is

8.24). In fact, the achiever pupils with their various groups may be

expected to achieve a superior mean score but no one of this group was
found to be field-dependent/convergent or field-independent/convergent
which has complicated the average workings of this group. However, it is
fair to mention that this group is able to achieve very well in the mini-
projects.

A model emerged from the present study (table 7.12) concerning the

expected performance of pupils with their various learning styles in

practical problem solving in chemistry. It seems that some of the

psychological factors used in the study would enhance the achievement in
the mini-projects, while others would lessen it. The field-independent and
divergent learning styles as well as being an achiever or curious would all
be considered capable of enhancing the achievement in mini-projects. On
the contrary, the field-dependent and convergent learning styles as well as
being a conscientious or social would all be considered capable of

diminishing the achievement in mini-projects. Therefore, the model has

suggested positive arrows (to the right) for having positive factors



(enhancing factors) and negative arrows (to the left) for having negative
factors (diminishing factors). When these arrows are inserted in the
pupils' achievement table (table 7.11), they may justify the pupils' various
levels in achievements in the mini-projects. In general, three positive
arrows would be expected for the best achievement such as the one
obtained from the tield-independent/divergent/curious pupils (the highest
mean score). while three negative arrows would be expected for the worst
achievement in mini-projects such as the one obtained from the field-

dependent/convergent/conscientious pupils (the lowest mean score).

82 S Predicti f he P R b's Findi

The research has used practical problem-solving in chemistry (mini-projects) as
the chemistry body in the study. However. it could be very useful for this study and for
general educational purposes to study the performances and achievements of the pupils
in this sample (with their various learning styles as dealt with during the period of the
study) in theoretical chemistry (conventional chemistry examinations). This may
provide teachers and educators with a precise picture of the effectiveness of various
learning styles on the pupils work in the classroom as well as the laboratory.

A number of predictions concerning the researcher's sample of pupils are
therefore possible concerning their expected performances in the conventional

chemistry examinations, as follows:

(a) The field-independent, divergent and the achiever or curious pupils are
expected to achieve better than the field-dependent, convergent and the
conscientious or social pupils in the conventional chemistry examinations.

This is due, of course, to the pupils' learning attributes and as prescribed
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in the research.

It was found in hypothesis one that field-dependent/divergent pupils
achieved better than field-dependent/convergent pupils in the mini-
projects. Thus, the research anticipates that field-dependent/divergent
pupils could stll achieve better than field-dependent/convergent pupils in
the conventional chemistry examinations. Their divergent thinking style
may qualify them for high scores in the chemistry examinations,
specifically, if such examinations are open-ended or demanding open
imagination and thinking (the picture could be reversed in other particular
subjects, for example, mathematics).

As anticipated in hypothesis three, the tield-independent/divergent are
better than the field-independent/convergent pupils in the mini-projects.
The research anticipated that these pupils in both groups would achieve
similarly in conventional chemistry examinations because their field-
independent thinking style could be more effective than the
convergent/divergent thinking styles in routine examinations (without
creativity) which more often require recall processes.

In hypothesis four, the convergent pupils who are field-independent
achieved better in the mini-projects than the convergent pupils who are
field-dependent. The present study predicts that the same picture may
be obtained again in the conventional chemistry examination. This is
because of the high influence of the field-independent thinking style on the
performance of the convergent pupils.

The divergent pupils who are field-independent achieved better than the
divergent pupils who are field-dependent (hypothesis five) in the mini-
projects. It could be expected that the same thing would occur in

performing conventional chemistry examinations, this being due to the
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same reason mentioned in (d).

8.3 Suggestions for Further Research

In any research field, a researcher may find, at the end of the day, many questions
have arisen unexpectedly from the research. A discussion of such questions and advice
could be prudent for education purposes:

(a) As stated in section 8.2, another study may be extremely useful in order
to comprehend the influence of the various learning styles which have
been involved in the present research on the performance of pupils in
conventional chemistry examinations. The results of such findings could
have important implications for classroom procedure, involve a reworking
of teaching methods and instructional procedures in chemistry.

(b) Further research may well be pertinent on the involvement of another
psychological factor - the working memory capacity factor. This could
lead a researcher to more findings about any selected sample for a study.

(¢) Ttcould be very interesting to follow the sample of the present research in
schools to see their performance and progress in more advanced chemstry
as well as in other subject areas.

(d) Could it be useful to apply the same work in other science subjects
such as physics or biology?

(e) Could it be that there are other psychological factors involved in
performing creative sorts of practical problem-solving in chemistry?

(f) Ultimately, the present research has used a creative task in chemistry
(Mini-Projects) to show the achievements of various pupils with various
thinking styles. It did not use the normal practical chemistry activities

which are already found in the school laboratory because such activities
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are more often teacher-centred rather than pupil-centred. Therefore, a new
look at the chemistry practical activities in the school laboratory is

essential for a fruitful learning of chemistry.

8.4 The Research's Message for the Educators

Every piece of research in science education ought to deliver a message(s) to
educators or teachers from its findings. The present research conveys an educational
message to the educators about what to do for better learning processes in the school's
laboratory. The research's message concerns not only the laboratory work but may
extend to include what to do further for a better curriculum in the secondary schools
particularly in Standard Grade Chemistry.

First, a message could be derived from the research on the emphasis for a better
practical activity in the laboratory. The present practical work in the school's laboratory
involves activities that are 'teacher-directed’ and not 'pupil-directed’. In the
conventional school laboratory, the pupils are operating on experiments which are
directed by the teacher and which may not stimulate the creativity of pupils for the
enhancement and promotion of chemistry learning. Moreover, these experiments
sometimes have even meaningless objectives for a better learning of chemistry in
school.

Thus, a new technique of administering the experiments in the school's laboratory
is required to move such experiments from being 'teacher-centred’ into being 'pupil-
centred’. This, in fact, may lead to a review of the chemistry materials involved in the
practical work such as the manuals, lab notes and any other relevant book for the
chemistry experiments.

Secondly, another message could be directed to the educators about the necessity

for a balanced curriculum in the Standard Grade which would provide learning tasks to
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fit all of the categories of pupils (the various learning styles studied in the research) and
to allow them all to achieve to the best of their ability.

At present. the curriculum provides plenty for the achiever and the conscientious
pupils and may even favour the convergent over the divergent.

Therefore, a balanced curriculum in the Standard Grade should provide; (i)
"comfortable” converging experiences (ii) "challenging” creative experiences for the
divergers (iit) and "social" experiences of discussions.

The present Standard Grade course provides (i) and (iii) but needs (ii) to become
balanced and more effective. In other words, a fresh look is needed in the curriculum
(chemistry in particular) to construct some sort of "challenging"” creative experiences for
the divergent thinking pupils and for the curious pupils. The curriculum would then

provide learning experiences suitable for all types of pupils.



10.

209

REFERENCES

F. F. A. Al-Naeme, A study of some psychological factors affecting

performance in chemistry at secondary and tertiary levels, M. Sc. Thesis,
University of Glasgow, 1989.

A. H. Johnstone and H. El-Banna, "Capacities. demands and processes -
a predictive model for science education. Education in Chemistry, 1986,
23(3), 365.

J. R. Anderson, The architecture of cognition, London: Harvard

University Press, 1983.

A. Baddeley, Working memory, Oxford Psychology Series No. 11,

Oxford, Clarendan: Oxford University Press, 1986.

D. P. Ausubel, J. D. Novak and H. Hanesian, Educational Psychology
(2nd edit.), New York: Holt, Rinehart and Winston Inc., 1978.

J. Pascual-Leone, A mathematical model for the transition rule in Piaget's
development stages. Acta Psychologica, 1970, 32, 301.

R. Case, Structures and Strictures, some functional limitations on the

course of cognitive growth. Cognitive Psychologv, 1974, 6, 544.

G. A. Miller, The magical number seven, plus or minus two, some limits
on our capacity for processing information. The Psychological Review,

1956, 18, 81.

J. Pascual-Leone, The encoding and decoding of symbols by children, a
new experimental paradigm and a New-Piagetian model. Journal of
Experimental Child Psychology, 1969, 8, 328.

M. Scardamalia, Information processing capacity and the problem of

Horizontal Decalage: A demonstration using combinatorial reasoning



11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

210

tasks. Child Development, 1977, 48, 28.

M. Niaz, The information-processing demand of chemistry problems and
its relation to Pascual-Leone's functional M-capacity. International
Journal of Science Education, 1988. 10(2), 231.

H. A. A. M. El-Banna, The development of a predictive theory of
science education based upon information processing hvpothesis. Ph. D.
Thesis, University of Glasgow, 1987.

A. H. Johnstone and F. F. Al-Naeme, Room for scientific thought?
[nternational Journal of Science Education, 1991, 13(2), 187.

A. H. Johnstone, Meaning beyond readability. Guildford: Southern
Examining Group, 1988.

H. A. Witkin, Cognitive styles in personal and cultural adaptation.
Worcester, Mass.: Clark University Press, 1978.

H. A. Witkin, Psychological differentiation-studies of development.
New York: Wiley, 1974.

M. Ziane, The application of information processing theory to the
learning of physics. Ph.D. Thesis, University of Glasgow, 1990.

J. W. Getzels and P. W. Jackson, Creativity and Intelligence. London &
New York: John Wiley & Sons INC, 1962.

L. Hudson, Contrary imagination. London: Penguin books, 1966.

K. H. Pribram, Brain and behaviour. Harmondswoth, London:
Penguin, 1969.

L. Adar, A theoretical framework for the study of motivation in
education. (The Hebrew University, School of Education, Jerusalem). In
Hebrew, 1969.

A. Hofstein and R. F. Kempa, Motivating strategies in science education:

Attempt at an analysis. European Journal of Science Education, 1985,



24.

25.

26.

27.

28.

29.

30.

31.

211

7(3), 221.

R. A. Hadden and A. H. Johnstone. Practical problem solving for
Standard Grade Chemistry. Scotland: Crown Copyright, 1989.

Scottish Certificate of Education. Arrangement in chemistry (Standard
Grade). General and credit levels in and after 1990. Scottish Examination
Board, Edinburgh, 1988.

R. A. Hadden, Mini-projects: An introduction to the "world of science"?
Chemeda: Australian Journal of Chemical Education, 1990, 27. 39.

H. A. Witkin, H. B. Lewis, M. Hertzman, K. Machover, P. B. Meissner
and S. Wapner, Personality through perception. New York: Harper,

1954.

H. A. Witkin and D. R. Goodenough, Cognitive styles: Essence and
origins. New York: International Universities Press, 1981.

D. R. Goodenough and S. A. Karp, Field dependence and intellectual
functioning. Journal of Abnormal and Social Psychology, 1961, 63(2),
241.

H. A. Witkin, P. W. Cox, F. Friedman, A. G. Hrishikesan and K. N.
Siegel, Supplement No. 1: Field-dependence-independence and
psvchological differentiation (Bibliography with index; RB-74-42). N. J.
Princeton: Educational Testing Service, 1974.

H. A. Witkin, P. K. Oltman, P. W. Cox, E. Ehrlichman, R. M. Hamm
and R. W. Ringler, Supplement No. 1: Field-dependence-independence
and psychological differentiation (Bibliography through 1972 with index;
RB-73-62). N. J. Princeton: Educational Testing Service, 1973.

D. R. Goodenough, The role of individual differences in field dependence
as a factor in learning and memory. Psychological Bulletin, 1976,

83(4), 675.



32.

33.

34.

35.

36.

37.

38.

39.

40.

S. M. Shapson. Hypothesis testing and cognitive style in children.

Journal of Educational Psychology, 1977, 69. 452.

E. B. Nebelkopf and A. S. Dreyer, Continuous-discontinuous concept
attainment as a function of individual differences in cognitive style.
Perceptual and Motor Skills, 1973, 36, 655.

J. K. Davis and B. M. Frank, Learning and memory of field

independent-dependent individuals. Journal of Research in Personality,
1979, 13, 469.

B. M. Frank, Flexibility of information processing and the memory of
field-independent and field-dependent learners. Journal of Research in
Personality, 1983, 17, 89.

B. M. Frank and J. K. Davis, Effect of field-independence match or
mismatch on a communication task. Journal of Educational Psychology,
1982, 74, 23.

H. A. Witkin, C. A. Moore, D. R. Goodenough and P. W. Cox, Field-
dependent and field-independent cognitive styles and their educational
implications. Review of Educational Research, 1977, 47, 1.

B. M. Frank, Effect of field-dependence-independence and study

technique on learning from a lecture. American Educational Research
Journal, 1984, 21, 669.

E. Berger, Field-dependence and short term memory (Doctoral

dissertation, New York University, 1977). Dissertation Abstract

International, 1977, 38, 1870B. (University Microfilms No. 77-12,

266).

J. A. Robinson and C. D. Bennink, Field articulation and working

memory. Journal of Research in Personality, 1978, 12, 439.



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

213

R. T. Coward and G. Lange, Recall and recall-organisation behaviours of
field-dependent and field-independent children. Psvchological Reports.
1979, 44, 191.

R. Case and T. Globerson, Field-independence and central computing
space. Child Development, 1974, 45, 772.

R. Case, Gearing the demand of instruction to the developmental
capacities of the learner. Review of Educational Research, 1975, 45, 59.
R. Case, Validation of a neo-Piagetian mental capacity construct. Journal
of Experimental Child Psychology, 1972, 14, 287.

F. W. Ohnmacht, Effect of field-independence and dogmatism on reversal
and nonreversal shifts in concept formation. Perceptual and Motor Skills,
1966, 22, 491.

D. Zawel, The effects of varying degrees of field dependence on
discrimination learning (Doctoral dissertation, Yeshiva University, 1969).
Dissertation Abstract International, 1970, 30, 1351B. (University
Microfilms No. 69-15, 215).

L. Hudson, Frames of mind. Harmondswoth, London: Penguin, 1970.
D. Child and A. Smithers, An attempted validation of the Joyce-Hudson
scale of convergence and divergence. British Journal of Educational
Psychology, 1973, 43, 57.

J. M. Pavelich, Using general chemistry to promote the higher level
thinking abilities. Journal of Chemical Education, 1982, 59(9), 721.

P. E. Blosser, Handbook of effective questioning techniques.
Educational Associates, Inc., Worthington, OH 43085, 1973.

P. E. Blosser, Ask the right question. National Science Teachers
Association, Washington, DC 20009, Reprint # 471-14698, 1975.

B. S. Bloom, Taxonomy of educational objectives: Handbook I:



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

214

Cognitive domain. New York, David McKay Co., Inc., NY, 1956.

H. Ginsberg and S. Opper, Piaget’s theory of intellectual development.
Prentice Hall, Englewood cliffs, NJ, 1969.

R. M. Beard, An outline of Piaget's developmental psychology for

students and teachers. London, Routledge and Kegan Paul, 1969.

P. E. Vernon, Effects of administration and scoring on divergent thinking
tests. British Journal of Educational Psychology, 1971, 41, 245.

W. D. Romey, What is your creativity quotient? School Science and
Mathematics, 1970, 70, 3.

C. W. Taylor, Clues to creative Teaching: The creative process in

education. The Instructor, 1963, 73, 4.

E. C. Thomas and H. Holcomb, Nurturing productive thinking in able
students. The Journal of General Psychology, 1981, 104, 67.

R. M. Garrett, Promoting creativity through a problem-solving science
curriculum. School Science Review, 1989, 70(252), 127.

B. W. Hill, Using college chemistry to influence creativity. Journal of
Research in Science Teaching, 1976, 13(1), 71.

J. P. Guilford and R. R. Merrifield, The structure of intellect model: Its
uses and implications. Reports of Psychology Laboratory, No. 24, Los
Angeles: University of South California, 1960.

A. M. Lucas, Creativity, discovery and inquiry in science education. The
Australian Journal of Education, 1971, 15(2), 185.

A. Hofstein and V. N. Lunetta, The role of the laboratory in science

teaching: Neglected aspects of research. Review of Educational

ResearcH, 1982, 52(2), 201.

N. S. Washton, Creativity in science teaching. Science Education, 1971,

55(2), 147.



66.

67.

68.

69.

70.

71.

72.

73.

74.

215

G. A. Ramesy and R. W. Howe, An analysis of research on instructional
procedures in secondary school science: Part II. The Science Teacher,
1969, 36(4). 72.

J. E. Penick, Creativity of fifth grade science students: The effect of two
patterns of instruction. Journal of Research in Science Teaching, 1976,
13, 307.

R. M. Garrett, Issues in science education: Problem-solving, creativity
and originality. International Journal of Science Education, 1987b, 9(2),
125.

S. J. Parnes and A. Meadow, Evaluation of persistence of effects
produced by a creative problem-solving course. Psychological Reports,
1960, 7, 357.

C. R. B. Joyce and L. Hudson, Student style and teacher style: An
experimental study. British Journal of Medical Education, 1968, 2, 28.
H. A. Thelen, Classroom grouping for teach-ability. New York, Wiley,
1967.

J. J. Gallagher, M. J. Aschner and W. Jenne, Productive thinking of
gifted children in classroom interaction. Council of Experimental
Children Research Monograph Series B, 1967, No. B-5.

J. E. Penick, Enhancing students creativity. Science Educational
International, 1990, 1(3), 19.

M. J. Moravcsik, Creativity in science education. Science Education,
1981, 65, 221.

A. Hofstein and R. F. Kempa, Motivating strategies in science education:
Attempt at an analysis. European Journal of Science Education, 1985,

7(3), 221.



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85S.

216

A. H. Johnstone, F. Percival and N. Reid, Is knowledge enough?
Studies in Higher Education. 1981, 6, 77.

F. Percival and N. Reid, Amsyn. (Scottish Council for Educational
Technology, Glasgow), 1976.

A. Hofstein, Future trends in integrated science in relation to
technological studies. /n New Trends in Integrated Science Teaching,
1979, § (UNESCO, Paris), 119.

N. Nae, A. Hofstein and D. Samuel, Chemical industry: A new inter-
disciplinary course for secondary schools. Journal of Chemical
Education, 1980, 57, 366.

L. J. Cronbach, How can instruction be adapted to individual
differences? In R. M. Gagne (ed.). Learning any individual differences.
Columbus, US, Merrill Books, 1967.

E. Orbach, Simulation games and motivation for learning. A theoretical
framework. Stimulation and Games, 1979. 10, 3.

J. F. Eggleston, M. J. Galton and M. E. Jones, Processes and products
of science teaching. London, MacMillan Education, 1976.

G. Heathcote, R. F. Kempa and I. F. Roberts, Curriculum stryles and
strategies. DES, London, Further Education Curriculum Review and
Development Unit, 1982.

R. F. Kempa and M. M. Martin Diaz, Students' motivational traits and
preferences for different instructional modes in science education - Part 2.
International Journal of Science Education, 1990, 12(2), 205.

B. J. Dodge, Towards a conceptual framework for motivational design.
National Society for Performance and Instruction Journal, 1978, 17, 8.
R. F. Kempa and M. M. Martin Diaz, Students’ motivational traits and

preferences for different instructional modes in science education - Part 1.



86.

87.

88.

89.

90.

91.

92.

93.

94.

217

International Journal of Science Education. 1990, 12(2), 195.

M. Martin Diaz, Students’ motivational patterns und preferences for
different instructional modes in science education. MA dissertation,
University of Keele, 1990.

K. Schneider and N. Posse, Risk taking in achievement oriented
situations: Do people really maximise affect or competence information?
Motivation and Emotion, 1982, 6, 259.

M. M. Clifford, Failure tolerance and academic risk-taking in ten to
twelve year and students. British Journal of Educational Psychology,
1988, §8. 15.

D. C. McCelland, J. W. Atkinson, R. W. Clarke and E. L. Lowell, The
Achievement Motive. New York, Appleton - Century - Crofts, 1953.

T. L. Good and C. N. Power, Designing successful classroom
environments for different types of student. Journal of Curriculum
Studies, 1976, 8, 45.

L. R. Aiken and D. R. Aiken, Recent research on attitude concerning
science. Science Education, 1969, 53, 295.

C. Ames and R. Ames, System of students and teachers motivation:
Towards a qualitative definition. Journal of Educational Psychology.
1984, 76, 535.

A. Hofstein and V. N. Lunetta, Laboratory work in science teaching:
Neglected aspects of research. Review of Educational Research, 1982,
52, 201.

V. N. Lunetta, Laboratorylpractical activities in science education.
Goals, strategies, and teacher education. Learning difficulties and
teaching strategies in secondary school science and mathematics,

Proceeding Regional Conference 8-11 December 1987. Amsterdam, Free



95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

218

University Press, 1988.

B. E. Woolnough and K. A. Toh. Alternative approaches to assessment
of practical work in science. School Science Review,1990. 71(256),
127.

R. Miller and R. Driver, Beyond processes. Studies in Science

Education, 1987, 14, 33.

D. Hodson and D. J. Reid, Science for all - motives, meanings and

implications. School Science Review, 1988, 68(249). 653.

J. Solomon, Motivation for learning science. School Science Review,
1986, 67(240), 437.

R. A. Hadden and A. H. Johnstone. Secondary school pupils’ attitudes to
science. The year of erosion. European Journal of Science Education,
1983, §, 309.

M. W. Merson and R. J. Campbell, Community educational: Instruction
for inequality. Education for Teaching, 1974, 43-9. Reprinted in M.

Golbt, J. Greenwald and R. West, Curriculum Design, Croom Helm,
1975, 238-244.

R. Driver, The pupil as a scientist? Milton Keynes, The Open University
Press, 1983.

R. Driver, E. Guesne and A. Tiberghien, Children's ideas in science.
Milton Keynes, The Open University Press, 1985.

R. Osborne and P. Freyberg, Learning in science. The implications of
children’s science. London, Heinemann, 1985.

R. Osborne and M. Wittrock, The general learning model and its

implications for science education. Studies in Science Education,1985,

12, 59.



105

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

219

. D. J. Reid and D. Hodson. Science for all. Teaching science in the

secondary school, London, Cassell, 1987.

R. Lock, A history of practical work in school science and its assessment,
1860-1986. School Science Review, 1988, 70(250), 115.

P. P. Lynch, Laboratory work in schools and universities: Structures and
strategies still largely unexplored. Australian Science Teachers, 1987,
32, 31.

R. Lock, Open-ended, problem-solving investigations, what do we mean
and how can we use them? School Science Review, 1990, 71(256),
63.

D. Hodson, A critical look at practical work in school science. School
Science Review, 1990, 71(256), 33.

M. Denny and F. Chennell, Science practicals: What do pupils think?
European Journal of Science Ediication, 1986, 8(3), 325.

D. Hodson and D. Reid, Changing priorities in science education part I1.
School Science Review, 1988, 70(251), 159.

E. Duckworth, Teaching as research. Harvard Educational Review,
1986, 56, 481.

H. Kreitler and S. Kreitler, The role of experiment in science education.
Instructional Science, 1974, 3,75.

A. Farmer and M. J. Frazer, Practical skills in school chemistry.

Education in Chemistry, 1985, 22(5), 138.

Assessment of Performance Unit (APU), Science at age 15. Science

Report for Teachers No. 5. DES / Welsh Office / Department of

Education for Northern Ireland, 1985.

V. N. Lunetta and P. Tamir, Matching laboratory activities with teaching

goals. The Science Teacher, 1979, 46(S), 23.



117

118.

119.

120.

121.

124.

125.

126.

127.

220

R. E. Yager, H. B. Englen and B. C. F. Snider, Effects of laboratory and
demonstration methods upon the outcomes of instruction in secondary
biology. Journal of Research in Science Teaching, 1969, 6, 76.

M. A. Moreira, A non-traditional approach to the evaluation of laboratory
instruction in general physics courses. European Journal of Science
Education, 1980, 2, 441.

R. Driver, The name of the game, School Science Teacher, 1975, 56,
800.

C. F. Gauld and A. A. Hukins, Scientific attitudes: A review. Studies in
Science Education, 1980, 7, 129.

R. Driver and B. Bell, Students' thinking and the learning of science: A

constructivist review, School Science Review, 1986, 67(240), 443.

. J. K. Gilbert, R. J. Osborne and P. J. Fensham, Children's science and

its consequences for teaching. Science Education, 1982, 66, 623.

3. R. J. Osborne, B. F. Bell and J. K. Gilbert, Science teaching and

children's view of the world. European Journal of Science Education,
1983, 5(1), 1.

L. D. Shulman and P. Tamir, Research on teaching in the natural
science. In R. M. W. Travers (Ed.), second handbook of research on
teaching, Chicago: Rand McNally, 1973.

R. O. Anderson, The experience of science: A new perspective for
laboratory teaching. New York: Columbia University, Teachers College
Press, 1976.

J. R. L. Swain, GASP. The graded assessments in science project.
School Science Review, 1988, 70(251), 152.

B. Beckett and P. M. Gallagher, All about biology. Oxford, Clarendan:

Oxford University Press, 1988.



128.

130.

131.

132.

133.

134.

135.

136.

137.

138.

221

R. M. Garrett. Problem-solving in science education. Studies in Science

Education, 1986. 13, 70.

. A. Philpot and P. Sellwood, An introduction to problem-solving activities

- some suggestions for design and make. School Science Review, 1983,
65(230), 19.

OCEA, Science ancillary materials: A practical approach to assessment.
Oxford, Oxford International Assessment Services, 1987.

D. Greatorex and R. Lock, Mode 3, project-based O-level , part II,

biology. School Science Review, 1978, 59(209), 738.

OCEA, Teacher's guide: Science. Oxford, Oxford International

Assessment Services, 1987.

D. Hodson and D. Reid, Changing priorities in science education part L.

School Science Review, 1988, 69(250), 101.

R. A. Hadden and A. H. Johnstone, Practical problem solving for

standard grade chemistry. Scottish Consultative Committee on the

Curriculum, Crown Copyright, 1989.

R. A. Hadden, Problem solving at the bench - 100 Mini-projects in

chemistry for 14-16 yar oid. Scotland, the Centre for Science Education,
University of Glasgow, 1991.

R. M. Gagne, The conditions of learning. (Three editions), New York,

Holt Rinehart and Winston, (1965, 1970, 1977).

The Munn and Dunning Reports. Government developing programme,

Science at Foundation and General Levels. Scottish Examination Board,
1983.

P. J. Kelly and R. E. Lister, Assessing practical ability in Nuffield A-

level biology. In Eggleston and Kerr, 1969, 121.



139.

140.

141.

143.

144.

145.

146.

147.

148.

149.

150.

222

L. C. Comber and J. P. Keeves, Science education in 19 countries. New
York, John Wiley, 1973.

J. R. L. Swain, Towards a framework for assessment in science. School
Science Review, 1985, 67(238), 145.

J. R. L. Swain, GASP: The graded assessments in science project.

School Science Review, 1988, 70(251), 152.

2. J. R. L. Swain, The development of a framework for the assessment of

process skills in a graded assessments in science project. International
Journal of Science Education, 1989, 11(3), 251.

J. R. Eglen and R. F. Kempa, Assessing manipulative skills in practical
chemistry. School Science Review, 1974, 56(195), 261.

J. G. Buckley and R. F. Kempa, Practical work in sixth-form chemistry
courses - an enquiry. School Science Review, 1971, 53(182), 24.

J. R. L. Swain, Practical objectives - a review. Education in Chemistry,
1974, 11(5), 152.

J. R. L. Swain, Assessing chemical process skills. Education in
Chemistry, 1988, 25(5), 152.

R. Lock and T. Wheatley, Recording process, skill and criterion
assessments. School Science Review, 1989, 70(253), 108.

R. Lock and T. Wheatley, Recording process, skills and criterion
assessments - student systems, School Science Review, 1989,
71(255), 145.

R. Wood and C. M. Ferguson, Teacher assessment of practical skills in
A-level chemistry. School Science Review, 1975, 56(196), 605.

KA. Toh and B. E. Woolnough, Assessing, through reporting, the
outcomes of scientific investigations. Educational Research, 1990,

32(1), 59.



223

151. B. E. Woolnough and KA. Toh. Alternative approaches to assessment of
practical work in science. School Science Review, 1990, 71(256). 127.

152. R. Hadden. The assessment of practical problem solving ability using
mini-projects. Unpublished study, Centre for Science Education,
University of Glasgow, 1990.

153.J. Greene and M. D'Oliveira, Learning to use statistical tests in
psvchology. Philadelphia, Open University Press, 1982.

154. L. Cohen and M. Holliday, Statistics for social scientists. London,

Harper and Row Ltd, 1982.



