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Abstract

Abstract

This study explores student perceptions of laboratory work in their first undergraduate
year in a Scottish university and also asks them to reflect back on their school
experiences. In a developed country like Scotland, secondary school laboratornes are
relatively well equipped and teaching staff are highly trained in working in the
laboratory. The student perceptions about laboratory experiences in a developed country
will offer a background against which laboratory instruction in a country like Pakistan can
be developed. In Pakistan, laboratory work is not well organised and teaching staff are not
trained. The overall aim is to enhance the laboratory leaming in Pakistan, based on sound
pedagogical evidence, particularly in the context of teacher training in an open leamning
situation. This study provides an overview of laboratory learning in chemistry in
Scotland where such learmning has been established for many years and an overview of

laboratory learning in chemistry in Pakistan with the students in Allama Igbal Open
University.

The aims for school and university laboratory work are often ill-defined. It has been
argued that laboratory work is essential in that chemistry is a practical subject but this
view is inadequate. It is also possible that the student laboratory experience is of critical
importance in the process of enhancing student cognitive understanding of science.
Overall, laboratory work can be seen as a place which can make chemistry real for the
learner but is also a place where the methods of chemistry can be illustrated, as
understanding of the physical world is built up based on empirical evidence.

It 1s clear from the literature that, in the past, too little consideration has been given to
where learning in the laboratory is effective and where it is weak. There is also a lack of
evidence about functioning and effects although many have expressed disquiet over the

laboratory experience. Considerable evidence has emerged that not all is well in laboratory
instruction.

This study describes a survey which was conducted with 193 students and related
particularly to their experience in a physical chemistry laboratory which did not involve
pre-laboratory exercises. Pre-laboratory exercises were then developed for this laboratory
and a second survey was conducted the following year, with a sample of 211. After the
second survey, 60 students were also interviewed in groups in order to gain more
information about their perceptions of the pre-laboratory exercises. A third survey was
conducted with 229 first year chemistry students at the outset of their university
chemistry course to explore their perceptions as they looked back on their school

experience.
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Surveys were then carried out in Pakistan with three different groups: first year BSc.
students (229), second year BSc. students (150), and BEd. Trainee Secondary Teachers
(118), all these groups being drawn from Allama Igbal Open University, Islamabad. The
aim was to explore students perception in a situation where laboratory work was not well
established.

In the surveys of Scottish students’ views about their school and university laboratory
experiences, it is clear that, at both levels, the students have positive attitudes towards
their experiences. At school level, this reflects the well organised laboratory work which
is strongly integrated with other teaching. At university level, the long established place
of laboratory work has led to a well organised system. The overall importance from the

results of this survey was that students saw the importance of laboratory work and
wished it to be a successful and satisfying experience.

In the Pakistan surveys, attitudes towards laboratory work are also positive. However, as
there 1s little laboratory work at school, this can be seen as an indication that more 1s
wanted while, at university, the laboratory work is much less well developed compared
to Scotland and there is clear evidence that student views are becoming increasingly
polarised with experience, a matter of some concern. Rigourous comparisons between
Scotland and Pakistan were not considered appropriate in that the social, educational and
professional structures are so very different.

In the study in Scotland, it was possible to look at a first year university laboratory over
two years, before and after the introduction of pre-laboratory exercises. This revealed
that it is not a good idea merely to ‘add on’ pre-laboratory exercises although students
appeared to be strongly in favour of the exercises and could see their value. It also

revealed how a change in learning must be undertaken with the full support of all staff
involved if it is to have any chance of success.

Finally, in looking at the position of the training of secondary chemistry teachers in an
open untversity, the evidence from work here and from the literature was used to develop
the idea of paper laboratories. These were not designed to replace traditional laboratories.
They were to be seen as a kind of pre-lab experience for traditional laboratories in general
as well as a training for future secondary teachers in how to develop and use the
laboratory experience for learning at school level. Four paper labs were devised and each
involved pre-laboratory tasks, simulated laboratory tasks, and post-laboratory
applications. They were tested in action in Pakistan and student perceptions of them
were measured and found to be highly positive. It remains to be seen if they are effective

in making the pupil experience of laboratory work in Pakistan schools more eftective.
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Chapter 1
Chapter One

Introduction

The laboratory is a place where a learner may experiment, applying skills and knowledge
in seeking to gain understanding. On that basis, laboratory work is considered to be the
characteristic features of science education and specially in chemistry education. It would
be rare to find any science course in an institution of higher education without a

substantial component of laboratory work.

Laboratory work is regarded as an essential and integral part of undergraduate chemistry
courses and the laboratory provides a setting for training not only in practical hand and
instrument skills but also for many of the thinking, planning, recording, interpreting and
group working skills that a degree course should include (Carnduff and Reid, 2003).

Of course, the question is to what extent these aims and skills are being achieved in
laboratories today. Students can spend a considerable amount of time in the laboratory. It
is obvious that anything that maximises what students gain from the time they are
actually in the laboratory is worth doing. This might include changes in the strategy
during the laboratory. It may require experiences to prepare the students in their own
time before the actual experiment.

While the organisation and running of undergraduate laboratory courses can be complex
and demanding of time and resources, developing meaningful laboratory experiences in an
Open University context is even more daunting. In Pakistan, at Allama Igbal Open
University, science courses have introduced laboratory work on the higher level but there
are science courses for Secondary School Science Teachers training (M.Ed. and B.Ed.
Science Courses). The University faces a problem of laboratory teaching.

Therefore the purpose of this study is to develop some model which can offer guidance in
developing laboratory work in a Distance Learning System. Allama Igbal Open
University is a Distance Learning or Open Learning University. The project will look at
what is possible in school and university laboratories in order to establish the important
features which allow university laboratories to be effective in reaching their goals.
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1.1 Distance Education

Keegan, D. (1996) explained the educational philosophy of Open Learning emphasises

giving learners choices about:

* medium or media, whether print, on-line, television or video;

* place of study, whether at home, in the work place, or any other;

* time for study, any time;

* support mechanisms, whether tutors on demand, audio conferences or computer-
assisted learning; and

* entry and exit points.

According to Sparkes et al. (1983), the time continuum is a very important for a Distance
Leamning system. At one end, all learners and their tutors interact at the same time and

same place, for example, face-to-face tutorials, seminars, workshops. At the other end, all
learners and their tutors interact at different times and different place, for example, home

study, computer conferencing, learners visit to leaming resource centres at their leisure.
Stewart, et. al. (1983) argues that the characteristics for Distance Learmning Courses seen
as a complete course or programme package should include all materials, tools, equipment
and plans for delivery, leamer support, learner evaluation and course evaluation.

Unfortunately the definition of ‘distance education’ is not entirely straightforward. One
early definition of ‘distance teaching’ was put forward by Moore (1973):

Distance teaching may be defined as the family of instructional methods in which
the teaching behaviours are executed apart from the learmning behayiours, including
those that in a contiguous situation would be performed in the learner’s presence, so
that communication between the teacher and the learner must be facilitated by
print, electronics, mechanical or other devices.

Moore (1980, 1983) used the term ‘transactional distance’, which he defined as a function
of two varniables, ‘dialogue and structure’:

Dialogue describes the extent to which , in any educational programme, learner and
educator are able to respond to each other. This is determined by the content or
subject matter which is studied, by the educational philosophy of the educator, by
the personalities of educator and learner, and by environmental factors, the most
important of which is the medium of communication....

Keegan (1988, 1996) presented an elaborate definition. On this account, distance

education is a form of education that is characterised by:

Page 2
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* the quasi-permanent separation of teacher and leamer throughout the
length of the learmning process ( this distinguishes it from conventional face-
to-face education);

* the influence of an educational organisation both in the planning and
preparation of leaming materials and in the provision of student support
services (this distinguishes 1t from private study and teach-yourself
programmes);

* the use of technical media - print, audio, video or computer - to unite
teacher and learner and carry the content of the course

* the provision of two-way communication so that the student may benefit
from or even initiate dialogue (this distinguishes it from other uses of
technology 1n education); and

* the quasi-permanent absence of the learning group throughout the length of
the learning process so that people are usually taught as individual rather
than in groups, with the possibility of occasional meetings, either face-to-
face or by electronic means, for both didactic and socialisation purposes.

Bell and Tight (1993) proposed a more general definition of distance education:

Distance education refers to those forms of organised learning which are based
on, and seek to overcome, the physical separation of learners and those (other
than the learners themselves) involved in the organisation of their learning. This
separation may apply to the whole learning process or only to certain stages or
elements of it. Some face-to-face contact may occur, but its function will be to
supplement or reinforce the predominately distance interaction...

In fact, many institutions running programmes by distance education exploit different
devices to try to narrow the transactional distance between the teachers and the students.
These include tutorials or self-help groups arranged on a local basis, induction courses and
residential schools, audio teleconferencing or computer conferencing, and other forms of
personal support (Richardson, 2001).

1.2  Distance Education and the Role of Allama Iqbal Open University

Over the last three decades, distance education has become increasingly recognised as a
significant form of education. Both developed and developing countries have seized upon
its advantages to meet pressing educational and social needs. It is maturing rapidly from a
field of study towards a discipline in its own right. More importantly, its effects are
being felt and revealed, often quite strikingly, throughout the world and it has made its

way deep into the educational, social and economic mainstreams of many societies.
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The demand for education in the developing countries, through the formal system, has
consistently run ahead of resources and the bulk of their population, therefore, remains
educationally deprived. At the same time, social and economic pressures continue to

increase.

Governments are aware that, due to the lack of basic education, they might have been
wasting superior talents in this age of higher technology which has further stressed the
need and importance of highly capable intellectual skills.

In Pakistan a distance learning model has been successfully used by Allama Igbal Open
University — a multimedia, multilevel, multimethod teaching institution. Within a short
period of a decade, 1t has been able to offer courses from literacy to postgraduate level. It
attracts large number of students — thanks to its distance teaching system, which takes
the learning packages to the home or workplace of its students. As the concept of
openness implies, courses are also made available to those who seek knowledge without
enrolling for a degree, diploma or certificate programme. It provides a second chance to
working adults who for some reason could not continue their education in the formal
institutions and it seeks to improve their educational qualifications. It provides continuing
education by affording in-service training to an increasing range of professionals, training
which, until now, has been confined mainly to the teaching community. In addition,

general education, technical, vocational and professional courses are also offered at
vartous levels.

Allama Igbal Open University employs all methods and techniques (print, broadcast and
non-broadcast media, electronic and their combinations), appropriate to the level of the

student and the requirements of the course, including face-to-face instruction where
necessary.

With 1its system of reaching the student at his home or workplace and the concept of
openness, which implies lifelong education, Allama Igbal Open University is filling the
gaps left by the conventional system and taking education to the area and groups unable

to benefit from the formal system of education.

The Allama Igbal Open University (AIOU) is pnmarnly a distance teaching institution
using multi-media techniques. The main components of its teaching system are:

(i) Correspondence packages, which include self leaming pnnted texts and
supplementary study materal;

(ii) Radio and television broadcasts specially prepared for distance learners;

(iii) Tutorial instruction through correspondence and face to face at study centre,
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where possible, and at workshops, where appropriate;
(iv) Course assignments as an instrument both of teaching and continuous
assessment.

The University has had to face its gigantic task with few traditional academic norms to
confirm and support it. Some foreign distance learning models did exist, but it was very
soon discovered that the approaches (eg style of written matenals, access to laboratories,
access to computers) which held true in other societies, especially advanced western
ones, were largely inapplicable here. It has to evolve a system which was at once
economical, capable of administration within the context of the resources, services and
technology available in the country, properly balanced against the needs and expectations

of our people as well as being sufficiently flexible to accommodate the needs of changing
circumstances.

1.3 Admission System

The AIOU divides the academic year into two semesters. Each semester normally lasts
six months, from April to September and from October to March. All the courses are
notified well in advance through special advertisements in national newspapers so that
students may contact the Admissions Office or their nearest Regional Office and select
the courses of their interest. There is always a deadline set for admission in each
semester. Admission forms are received by the Admission Office which sends them to
the Computer Centre for the preparation of enrolment lists and mailing labels.

1.4 Study System

After admission, instructional materials are sent to students at their home addresses or
places of work. These printed units are supplemented by radio and TV programmes.
Programme schedules are sent to students with the correspondence packages. In addition,
assignments are set throughout the period of study. These assignments have a threefold

function:

(i) They enable a student to have his performance and progress assessed regularly
by expert tutors;

(ii) They enable a tutor to give instruction to his students through the comments
and corrections made on the assignment;

(iii) They act as a pacing device for the student during his penod of study.
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Study centres are spread throughout the country and are managed by the respective
Regional Offices. Tutor-student contact is therefore both by correspondence and at study
centre meetings in the evenings or on weekly holidays. The tutor marked assignments are
returned to the students with instructional notes. The marks obtained by students in
these assignments arc sent to the Controller of Examination for recording and the eventual
preparation of results. Final examinations are held in the last week of each semester. The
overall result is based on a combination of continuous assessment (40%) and final
examination (60%). The minimum pass mark in each course 1s 33%, but the aggregate
marks for the award of a complete of a certificate 1s 40%.

A student guide is provided to all students to help them plan their studies. The
University has made considerable efforts to strike a balance between independent study
and direct personal contact between students and academic staff. Instructional material,

study guides, reading material, and audio video cassettes are designed and produced by
course teams whose members are selected both from college of the formal system and
teaching staff of the University.

The AIOU provides instruction mainly in Urdu, but English is also used as a medium of
Instruction in certain subjects.

1.5  The role of practical work in chemistry

Chemistry is an experimental science and its development and application demand a high
standard of experimental work (Hanson et al,, 1993). This and many similar statements
can be found littering chemical and science education literature. Dall’alba (1993) extends
the idea and asserts that an important factor in higher education teaching 1s to initiate
students into what it is to be a practitioner of their subject, but 1t is its extension to the
learning of chemistry that can give rise to a divergence of views. Current thinking
considers mass education where the majority of students in chemistry may have no
intention of pursuing chemistry as a career. In these circumstances, 1t seems
inappropriate to design a programme that is solely directed at training the professional
chemuist.

Laboratory work in chemistry is an expensive activity. Laboratories are costly to build
and equip, and academic and technical staffing, instruments and consumables are a drain
on resources. The perception is that it is becoming increasingly difficult to provide
students with a high quality conventional practical experience. A Royal Society of
Chemistry (Report, 1994) report states that ‘the restrictions on resources and the time
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allocated to practical work are causing a decline in the extent of practical work and the
standards achieved’. If the aim cannot solely be to train professional chemists, there are

real questions about the nature and purpose of laboratory work: what outcomes are being

sought?

It is time to think about the laboratory in terms of the quality of experiments rather than
an assessment of skills. Time spent in the laboratory is not always well used. In a survey,
Maskill and Meester (1993) found that, on average, a student in the first year of
chemistry courses in English Universities performed over fifty titrations. Although these
operations form part of a range of experiments, it cannot be a valuable learning

experiences to carry out extensive repetition of this relatively simple manipulation.

Another problem relates to how to achieve participation in experiment design.
Frequently, the material supplied to students reads like a recipe and it is often treated like
a recipe by the student. Clearly, the development of recipe-following skills and the
production of laboratory reports which reflect the production of ‘correct’ results (which
may be found by consultation with other students) cannot justify the time and effort
spent in laboratory provision. There is a need to specify the desirable outcomes and skills
and to explore whether some of them cannot be developed in other, less expensive ways.

In 1998, Bennett listed some of the major skills which are ideally developed in a

laboratory environment. These include:

manipulation; observation;

data collection: processing data;

analysing data and observations interpretation;

problem solving; team work;

experiment design; communication and presentation,;

laboratory ambience

A major problem is faced by the students in the progressive development of these skills
as they move through an undergraduate course. Each laboratory experience may be
valuable and worthy in its own right. However, the next session in the laboratory may
not take into account the extent of skills developed in the earlier session. Even today the
laboratory programme is not analysed according to the skills development context. To
move in the direction of a skills driven programme is not only central to the quality of
student progress but results in a more efficient use of the laboratory resources (Bennett,

1998).
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Some undergraduate students have shown their negative attitude towards the long hours
that are traditionally spent in the laboratory and that they often develop a negative
attitude to the experience. The recipes style presentation of laboratory practical is a
major contributor. Often the student reads through the notes line by line, mechanically
carrying out the manipulations, with no real thought as to why certain actions are taken
and how they fit into the overall outcome. Much of the intellectual effort should come
before entering the laboratory: discussions, literature work, design of the experiment,
sorting out quantities, conditions and equipment. This level of pre-laboratory activity is
often denied the undergraduate' and yet it forms a vital, essential and stimulating

component (Bennett, 1998).

Johnstone’s (1997) analysis of demand on working memory has had significant impact on
the learning of chemistry but it is arguably in the laboratory where heed to these lessons
1s In greatest need. Many students, on entering the laboratory, are faced with a huge
amount of information: anything from the location of chemicals and identification of the
particular materials needed to begin the prescribed work, recognition of equipment and its
handling, instrumentation, and safety requirements right across to the understanding of
written instructions and verbal instructions. It should not be surprising that most
students are unable to give much intellectual effort to the meaning of the laboratory
activity. Indeed, the ability to work through a ‘recipe experiment’ line by line could be

regarded as a major achievement in such circumstances.

1.6 Conclusions

It has to be recognised that the empirical is the fundamental way in which science enquiry
works and, therefore, has an important place in undergraduate teaching in a subject like
chemistry. However, laboratory teaching is expensive in time, manpower and resources.
It 1s essential that the laboratory experiences are planned and prepared carefully in the
light of educational principles so that students can gain the maximum from the time
commitment. For this, aims must be specified clearly and assessment must reflect the
aims. Doing this at a distance has its particular problems, especially in a country like
Pakistan where laboratory work is not well developed. This will be the theme of this

study.

The overall aim of the study is to establish some general principles, based on evidence, to
bring about improvements in the laboratory provision in Pakistan at both school and
university levels. The study will start by considering what 1s known from the literature
relating to learning in a laboratory. The aim will be to gain an overview of the evidence
already available.
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Various surveys will be described. These will look at current practices in Scotland at both
school and university levels as well as looking at the current situation in Pakistan. The
aim is not to make detailed comparisons but to establish the general pattern of practice in
a country where laboratory work is well developed and a country where laboratory work
is still relatively undeveloped.

In the light of these, various developments will be described. The overall aim is to

develop guidelines based on evidence which will enable learning in the laboratory to be
more meaningful and more eftective.
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Chapter Two

Laboratories in Chemistry Education

2.1 Historical Perspective of Laboratory Work

It is approximately 160 years since laboratory work courses were first formally
introduced by Liebig at Giessen (Morrell, 1972) and by Eton at the Rensselaer
Polytechnic Institute (Menzie, 1970).

Before that, the only exposure of students to practical work was through the lecture-
demonstration or through attendance at private classes which sprang up in university
towns in the latter part of the eighteenth and early nineteenth century.

The development of laboratory classes within the university was inhibited for many
years by the system of payment to professors. Their income was derived from the fee
paid by students who attended their classes. The greater the number of students the
greater the professor’s income. The costs of equipment and consumables were borne by
the professor out of this income (Morrell, 1969).

Thus the lecture-demonstration flourished since it could accommodate large numbers
within a minimum amount of equipment and materials. Many professors went to great
lengths to ensure that their demonstrations could be seen by their audiences and would

provide vivid illustrations of the content of their lectures. Unfortunately for the lecture

method, the lecture-demonstration is now almost a thing of the past.

Although individual practical work in Chemistry began to be established from 1824 in
Germany and subsequently in the United States, Scotland and England. In 1847 William
Thomson introduced teaching apparatus for lecture - demonstration to the teaching of
natural philosophy at Glasgow College (Smith and Wise 1989). The practical Physics
classes in England were proposed at Oxford in 1860, and started there at University
College, London in 1866 (Shepherd, 1979) and King’s College in 1868 (Phillips, 1981).
This later development was partly due to the later emergence of specialisation in Physics.

The first institution to require laboratory work in Physics was the Massachusetts

Institution of Technology in 1869. It was here that E.C. Pickering prepared the first
Physics laboratory manual, published in 1873 (Phillips, 1981).
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In Britain, laboratory teaching in Biology can be traced to the influence of T.H. Huxley at
the Normal School of Science in South Kensington and his first summer course for science

teachers in 1871 (Mittar, 1992).

Laboratory teaching became established 1n response to two pressures:

(i) Student demand for practical work was being met by teachers outside the university;
(11) There was a need for training in research.

For example, when Chemistry developed into an enterprise, demanding research workers
with sophisticated practical skills and the ability to undertake complex experimental
procedures, there was an urgent call for adequate personnel. It might be thought that
demand from industry would have been a contributory pressure but, as Cardwell (1972)
points out, such a demand could only be made once suitable and recognised physicists or
chemists existed. Although technological demand can be seen to have had very little
influence on the emergence of laboratory teaching, it may have helped to establish the
method. In physics, there were few jobs for students in industry for most of the
nineteenth century except in the telegraph companies, and these were required mainly for
routine testing (Moseley, 1971, cited by Shepherd, 1979). Apprenticeship training was
no longer adequate, and formal practical instruction was established of a kind which could
not be met by lectures.

This model has continued until today. There have been relatively few innovations during
the intervening period and the laboratory manuals of the nineteenth century, with their

emphasis on procedure and rule-following activity, would be quite recognisable by
students today.

In 1886, Harvard University defined a set of forty experiments in physics, which
students were expected to have completed before entry to the university. The ‘Harvard
Forty’ would be familiar to almost all tertiary teachers today and represent the classic
demonstration of phenomena and principles in physics, which have so dominated
approaches to the introductory laboratory.

Perhaps the major change which is likely to be of enduring significance was the
development since the Second World War of project work for all students, particularly in
technological institutions. At one time projects were regarded as appropriate only for
those who would pursue a research career and often not even for them. Today, it would
be rare to find any science course without an element of project work (Bound, 1985).
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In addition to the above historical perspective, the first teaching laboratory in Chemistry
in Britain was established by Thomas Thomson in the University of Edinburgh in 1807.
In 1819 he introduced this to the University of Glasgow, when he joined this University.
In 1824, Liebig’s established a Chemistry Laboratory at the University of Giessen. This
was the most exciting period of the nineteenth century. It was the first institutional
laboratory in which students were deliberately trained for membership of a highly

effective research school by systematic research.

In Abecrdeen, the practical classes in chemistry were started in 1829 under the
supervision of Dr. French and Dr. Percival. A teaching laboratory was running in Dublin
in the beginning of the nineteenth century. Later on, Cambridge and Oxford followed
these Universities.

The lecture-demonstration course depends upon the availability of resources like
apparatus and other necessary items. Until the 1830s, there were no formal courses of
laboratory instruction despite the fact that occasional texts presented practical work.
Later in 1835, David Boswell Reid and John Joseph Griffin initiated a purpose-built
teaching laboratory to cater for individual practical experience in England. In spite of
having an interest in bringing practical work into English schools, without laboratories
suited to the purpose, there was little likelihood of launching laboratory based instruction
in science. In 1854 there was a good display of ideas for classroom science (including

apparatus for chemistry, meteorology, microscopy and astronomy) at the Educational
Exhibition.

Laboratory classes then gradually developed over the next fifty years until eventually, in
1899, it came to be considered necessary that pupils be allowed to carry out experiments
for themselves. By this time, however, most schools had already adopted this way and

regarded practical work as an essential requirement for science teaching (Gee and
Clackson, 1992).

However, credit goes to Edward Frankland for the growth of practical work in Britain,
who throughout his life did much to encourage the introduction of laboratory instruction.
He was a graduate of Liebig’s laboratory. Largely by his efforts by 1876, there were one
hundred and fifteen laboratories in operation in Britain, most being used for elementary

school instruction.
Thus, practical training in chemistry sprang up in universities all over the Europe and
North America. These were devoted to the teaching of skills directly used in industries

and research (Letton, 1987, Johnstone and Letton, 1989, Khan, 1996).
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It was at the turn of the nineteenth century that laboratory-based methods of teaching
achieved its most rapid growth associated with the growth of research in school
chemistry. At this time, individual practical work was accepted as an essential part of
university chemistry course. Until then, laboratory instruction had been an 1solated

activity with little support: some of it private instead of instructional and outside the

curriculum.

Practical work at this time played a vital role in confirming the theory which was already
taught in the classroom. Some doubts also arose about the efficiency of teaching through
practical work in chemistry. In 1910, the Progressive Education Movement had a major
impact on the nature of scicnce teaching in general and on the role of practical work in
particular. In America John Dewey advocated an investigative approach and learning by
doing in America (Hofstein & Lunetta, 1982).

In 1882, the Educational Department in England declared that, “the instruction of
teaching given by the experts in science subjects shall be given mainly by experiments™.
Armstrong advocated the direct experimentation by the pupils rather than the
demonstration experiments performed by the teacher. Hodson (1990) declared that too
much time was wasted on repetitive individual practical work. Therefore, attention
switched back once again to teacher demonstration. In 1932, the Education Board
supported the same idea (pamphlet no. 89). This declared that there was “too much
practical work of the wrong kind ........ , too much remote from the natural interests and
everyday experience of the children” (Hodson, 1990, 1993).

In 1935, Schlensenger studied the contribution of laboratory work to general education.
He noticed that students who had previously exhibited ‘“real interest in chemistry”
developed the habit of doing their experiments mechanically to get the result expected
rather than to observe what is actually going on in their test tubes” (Letton, 1987). Little

seems to have changed since then.

Moreira 1980, stated that “in England and Wales the government sponsored the
initiatives to increased the emphasis on the laboratory work in secondary schools”. In

this way, more resources were provided for practical work.

Towards the end of the twentieth century, more sophisticated alternatives had been
introduced to facilitate effective learning in the laboratories. These included pre-lab

experiences, films, video experiments, computer based pre-labs, and computer

simulations.
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Bennett & O’ Neale (1998) proposed the following guidelines for the design of laboratory

courses in chemistry:

(a) Design the laboratory course so that a range of skills are introduced in a logical
sequence as a coherent package,

(b) Introduce the opportunity for real investigations very early in the course;

(c) Introduce pre and post laboratory sessions which actively engage the students.

These principles reflect the ideas of Denis Diderot, the French philosopher, who 1s
quoted by Lester (1966), outlining three principal means of acquiring knowledge available
to us: observation of nature; reflection; experimentation. Observation collects facts;

reflection combines them; experimentation verifies the results of that combination.

2.2 Why have Laboratories ?

Laboratories are one of the characteristic fcatures of education in the sciences at all levels.
It would be rare to find any science course in any institution of education without a
substantial component of laboratory activity. However, very little justification 1s
normally given for their presence today. It is assumed to be necessary and important. It
is taken for granted that experimental work is a fundamental part of any science course
and this specially true for chemistry courscs. Very frequently, it is asserted that
chemistry is a practical subject and this is assumed to offer adequate justification for the
presence of laboratory work. The development of practical skills among the students 1s
often a suggested justification. Nonetheless, these arguments need to be questioned to
justify the position or role of the laboratory in the field of chemistry education.

One of the main reasons to qucstion the place of laboratory teaching is that laboratory
programmes are very expensive in terms of materials but also in terms of statf time.
Students’ reactions to practical work are often negative and this may reflect a student
perception that there is a lack of any clear purpose for the experiments: they go through
the experiment without adequate stimulation.

It is important to think about goals, aims and objectives in the context of laboratory
work. In the developed countries like UK, where a great deal of time and money is spent
on doing practical work in schools and universities, there is a need for justifications for
the presence of laboratory work which are based on sound empirical evidence. For
developing countries, like Pakistan, the same justification is needed in order to set up and

manage good laboratory experiences for chemistry students for all science courses.
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Before exploring these i1ssues and before focussing on specifies, it will be necessary to
clarify the term, ‘laboratory work’. Is this the same as practical work? Is it the same
word used for teaching experimental science with different style? While in no way
undermining the potential value of other practical activities, laboratory work here is used
to describe the practical activities which student undertake using chemicals and
equipment in a chemistry laboratory.

Boud et. al. (1986) stated that, when planning a course it is important to state clearly the
course aims, goals and objectives: what to be taught, who is it to be taught to, by what

means, and, most importantly, what are the intended outputs?

Gavin (1966), condemned laboratory work in which getting the so-called correct answer
seemed to be more important than doing the experimental work itself. Gavin (1960),

considered that much physics experimental work was set with too precise instructions

and was, therefore, dull and uninspiring. His comments on physics might well apply also
to chemistry.

Rose (1974) raised a fascinating question: could many important aims still be attained
even If practical work were abolished. He suggested that this depends partly on our view
of science which can be seen as established human knowledge, a problem solving activity,
or concerned with the relation between theory and experiments.

It could be argued that practical work:

(1) Gives direct experience of basic material of the subjects and of complex
apparatus to students;
(2)  Offers important links between theory and observation.

Wills (1974) quoted results of a survey of students’ opinions on the teaching of practical
biochemistry as part of a medical course. He observed that half of the students showed
little enthusiasm for laboratory work. He suggested a number of reasons. These can be
summarised:

(1) The techniques used were not meaningful;

(2) The students were taught for relatively short periods of time;

(3) Only a small percentage of clinicians ever again undertake active lab work
after qualification (perceived relevance is low);

(4) Theoretical understanding is gained relatively slowly through practical work;

(5) Students stressed the poor reward in knowledge gained for their future medical
career.
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Although these comments were written long ago and in a different context, many still
apply in chemistry. In particular, it has to be noted that only a minonty of those
studying chemistry at university will go on to become bench chemists while the idea
theoretical understanding only arises slowly by means of laboratory work has to be

related to the idea that humans learn best by doing rather than by listening. These 1deas
will be explored later.

In thinking of laboratory work, there are some inevitable tensions. Students are not
always best placed to see the relevance and importance of the elements of their course.
On the other hand, there is a tendency for specialists to think in terms of presenting their
subjects rather than of meeting the students’ needs. Here again, the need for clearly
formulated objectives, communicated effectively to students is seen to be important.

Tubbs (1968) worked with groups of eight students to help them to learn more about
experimentation. A problem was outlined by the tutor, suggestions were invited from the
students and these were discussed in some detail. The students then chose apparatus and
spent three to four hours in making measurements, each in different ways. Finally, they
discussed reasons for differences in their results and sources of experimental error. Tubs
considered that first year students could profitably spend up to 20% of laboratory time
in this way. He claimed that the method proved economical of staff time and, usually, of

equipment. However, no evaluation was quoted.

Martin and Lewis (1968) attempted to clarify the purpose of experimental work for
students by designing each experiment to achieve just one objective instead of the usual
variety. They claimed that this resulted in considerable improvements in laboratory

teaching but did not offer evidence.

Looking back over many decades, Vianna (1991) noted that, before the second world war,
chemistry had been taught with a primary emphasis on knowledge objectives. This
gradually shifted to a greater concern for process, attitude and interest and cultural

awareness objectives in the war period and after the war.

2.3 Goals and Objectives

Objectives of practical work had been stressed from as far as the early nineteenth century
and special attention had been given to practical work in the world war second by the
teachers and researchers.
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Several writers and researchers have discussed the rationale for practical work and have
presented their aims and objectives for specific science courses as well as for practical
work. Some of these are discussed below.

It does scem important that, for practical work to be effective, the goals, aims and
objectives should be well defined. The issue is to find some agreement about what these
aims and objectives might be. Such a question has been under investigation for decades,
especially in UK, where much money and time has been spent on practical work n

schools as well as in universities (Woolnough, 1983).

One way of looking at this was suggested by Johnstone and Wood (1977). In looking at
school chemistry, they constructed and distributed the objectives in the following
categories:

(1)  Course objectives

(2)  Experiment by experiment objectives
(3)  Teacher objectives

(4)  Pupil objectives.

Johnstone and Al-Shuaili (2001), formulated some possible aims for laboratory work:

(1) Manipulative skills;

(2) Observational skills;

(3) The ability to interpret expenmental data;
(4) The ability to plan experiments.

To these, they added some affective aims:

(1) Interest in the subject;
(2) Enjoyment of the subject;
(3) A feeling of reality for chemical phenomena.

It is very difficult to organise the objectives of laboratory work because the stated
objectives are either so detailed that they can only apply in specific laboratories in
specific disciplines or are so general that they can include almost anything. The list of
seven general aims suggested by Johnstone and Al-Shuaili is useful because it focusses
potential objectives into meaningful categories.

Kirschiner and Meester (1988), suggested student centred objectives for practical work:

(1) To formulate hypotheses
(2) To solve problems
(3) To use knowledge and skills in unfamiliar situations
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(4) To design simple experiments to test hypotheses

(5) To use laboratory skills in performing expenments

(6) To interpret experimental data

(7)  To describe clearly the experiment

(8) Toremember the cntical idea of an experiment over a significantly long
period of time.

From an historical perspective the amount of practical work in science courses has
undoubtedly increased significantly over the last hundred years and has been
accompanied by a shift in emphasis from the lecture-demonstration to the hands-on
approaches. Nonetheless, in the UK in the past decade, time spent in laboratories has
been reduced simply on grounds of cost as universities face declining budgets. What are
the reasons that practical work is so important in science courses?

There are many reasons but the following may be the most important. Each scientific
discipline has a range of specific techniques, skills, which are used by professional
scientists of that discipline, and must be mastered by students before they can practise as
experimentalists. Because These operations involve skills in the psychomotor domain,
typically the manipulation of particular pieces of apparatus, together with skills in the
cognitive domain, such as the ability to interpret, calculate and evaluate results from the

measurements which were made.

Shymansky & Penick (1975) and Black & Ogorn (1979) grouped the aims of practical

work into four classifications:

(1)  The specific techniques or skills.
(2) The more abstract skills of experimental inquiry and the scientific method.

(3) The illustration of ideas of the subject.
(4) Aims in the affective domain.

Kerber (1988), expressed his views about the importance of practical work, that it should
also be seen a medium for attitude development. Students are expected to develop an
appreciation of the practical nature of science and its relevance and importance to
industry and our environment. There is an expectation that students will grow to identify
themselves as practical workers and will develop confidence in fulfilling the roles of the

cxperimentalist.
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Camduff and Reid (2003) outlined the need of the laboratory work in chemistry in terms
of three broad areas:

(1) “practical skills (including safety, hazards, rick assessment, procedures, instruments,

observation of methods);

(2) transferable skills (including team working, organisation, time management,
communication, presentation, information retrieval, data processing, numeracy,
designing strategies, problem solving); and

(3) intellectual stimulation, connections with the ‘real world’, raising enthusiasm for
chemistry”.

Most of these will be and perhaps can be only be, achieved in laboratories or In

laboratory related activities.

It could be argued that laboratories might illustrate scientific method, might build
confidence and might improve understanding. They of course allow students to see
reactions, substances and effects, and can encourage student-student and student-staff
interactions (Pickering, 1987).

Camnduff and Reid (2003) provided a set of possible reasons for the inclusion of practical
work 1n undergraduate courses in chemistry.

» Illustrating key concepts

«  Seeing things for ‘real’

* Introducing equipment

*  Training in specific practical skills and safety
Teaching experimental design

* Developing observational skills

*  Developing deduction and interpretation skills

*  Developing team working skills

*  Showing how theory arises from experimentation
*  Reporting, presenting, data analysis and discussion
*  Developing time management skills

*  Enhancing motivation and building confidence

«  Developing problem solving skills

These are some of the tasks or objectives which more or less demand the presence of
laboratory work in chemistry courses. Of course, this does not guarantee that such tasks
and objectives can be achieved in the present situation. There may be a major need to
change or improve the present situation to create more opportunity for the students to
gain these objectives.

Page 19



Chapter 2

The development of powers of observation, measurement, prediction, interpretation,
designing of experiments are dependent on laboratory work. However, laboratories at

undergraduate level (perhaps also at other levels) did not seem play their role very well to
gain these goals and objectives ( Carnduft and Reid 2003).

2.4  Pressures on Laboratory Work

Some of the pressures on laboratory work have been discussed in the above section, 1n a

general sense. In this section, specific pressures will be discussed.

According to Carnduff and Reid (2003) there is a tremendous pressure on higher
education in the UK, with increasing numbers of students and falling unit resource levels
especially over the past two decades. They further stated that, “The pressure of
increasing numbers of students coupled with restriction on manpower, matenals,
equipment and contact hours have been significant”, In the light of this, it is difficult to
justify students spending many hours verifying results in the laboratory when they will
never employ laboratory skills in their future professions.

Staff sometimes feel that students come to the laboratories without basic preparation.
Students spend time in the laboratories without leamming or leamning very little. As
learning environments, laboratories are very costly in terms of specialist accommodation,
consumables, breakages and staff time. If laboratories are not being used for their
potential strengths and the time is spent unproductively, they are a massive sink of
scarce resources. On the other hand, students may find few connections between
laboratories, lectures and assessments. The procedures of laboratories work are closed,
where the outcome is already known. This whole exercise is boring according to the

students point of view. The assessment encourages cheating or copying rather than
thought or etfort (Carnduff and Reid, 2003).

Conventional laboratories often fail to provide experience and training in developing the
skills and understanding of the scientific process. Such practicals have little relevance to
real life and to fail to promote in students a genuine interest and motivation for practical

work.

Carnduff and Reid (2003) listed these pressures, related to practical work in

undergraduate courses. They called them modem pressures.

«  Cost of materials and equipment.
. Safety issues and disposal of chemicals.
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«  Staff and demonstrator costs.

«  Lack of students preparation (due, partly, to outside remunerative work).
e  School experiences are very different (and entry levels are more variable).
«  Assessment: what are we rewarding?

e Isthe credit given worth the effort?

2,5  Changing Strategies

Kirschner and Meester (1988) have reviewed the aims of practical work in the science

curriculum and identified various criticism.

There appears to be an overall agreement that laboratory work at present provides a
poor return of knowledge in proportion to the amount of time and effort invested by
the authority.

All too often, the work done to a laboratory simply verifies something already
known to the students.

It is not at all uncommon to find a student who shows absolutely no understanding of
the processes and techniques which he or she applied even a day earlier in the
laboratory.

Exercise are sometimes of a nature which tends to overwhelm the student, 1.e. non-
trivial experiments are not allowed enough time for assimilation and solution of the

problem.
Students almost never have the chance to spend time watching an expert do an
experiment.

The supervision of laboratory work is often inadequate.
Practicals are often seen as isolated exercises, bearing little or no resemblance to
earlier or future work”.

Furthermore the apparently unsatisfactory nature of much practical work must be set in

the context of increasing financial pressures.

The lack of a clear sense of purpose in the design of laboratory courses is another factor
which emphasises the need to review and to change. Meester and Maskill (1995a)
discovered from a study of first-year chemistry manuals, that the aims of the course were
stated in only half of the manuals. While the learning objectives were mentioned only in

seventeen cases. It might be more reasonable to conclude, however, that the main problem
is the plurality of purposes.

At present, laboratory work might be employed to teach any one ot a number of skills or
processes. Difficulties arise when it is expected that several of these be taught at once
without any previous knowledge. The undergraduate laboratory work 1s too often closed
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and predictable. Maskill (1995b) identified from a literature survey four classes of
improvements to undergraduate laboratory work:

utilisation of electronic media;

methods for the explicit teaching of practical skills;
adaptations of laboratory manuals;

new approaches to laboratory work.

Maskill (1995b) reviewed bnefly but usefully the range of developments in these areas
before noting that little had been achieved in practice among the range of courses sampled.
He suggested that :

the reason little has changed in practical classes is probably that university teachers
concentrate on the experiments to be performed by students and on the time
available, rather than on the educationally best way to achieve their teaching aims ...,

although all the evidence that they need to improve practical teaching is easily
available.

This is quite an amazing statement. It pinpoints the root of the problem: too much
emphasis on the experiments to be performed and not enough emphasis on what the
students should be gaining. It asserts that ‘all the evidence to improve practical teaching
is easily available’. Perhaps the word ‘all’ is somewhat optimistic but, certainly, there 1s
a wealth of evidence available which would enable university laboratory experiences to
become much more effective in benefiting students.

This leads on the question about the students perceptions about the purposes of the
practical work and how do they match the perceptions of the experts? Little work has
been carried out on this comparison. Kirschner et al. (1993) studied the students’
perceptions with those of experts’ using a list of possible objectives. An interesting
result was that most of the purposes were neither anticipated nor encountered by the
students. The reasons were that students were not well prepared to perceive the
purposes of the practical work and also the students have no or limited experience of this
type of exercise. The authors pointed out that the value of the exercise must be severely
limited by the students’ unpreparedness, a conclusion which would apply to many

practical exercises.

The conventional way of preparing students would be to encourage them to read their
laboratory course manual but these typically overload them with information, whether in
instantaneous fashion or cumulatively and so should be written with simplicity in mind if
it be desired that students do not use them as cookbooks (Johnstone and Letton 1990).

Experienced university lecturers know that only a minority of students do read the
manuals before entering the laboratory unless specific tasks are allocated to them.
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A second method of students preparation for laboratory work 1s the demonstration and
data-interpretation exercise. Tan (1990) noted that students preparing for a practical
exercise seem to benefit from a demonstration and data-interpretation exercise. Tan
emphasised the importance of starting laboratory work and in particular not relying on
students to use provided text for this purpose. The undergraduates in this study were
found to integrate poorly their theoretical and practical knowledge and to learn in passive,
superficial ways. The demonstration and data interpretation exercises probably work by
forcing them to confront their partial comprehension and to grapple with 1t, instead of
following the steady route of the laboratory recipe/protocol.

Hcgarty-Hazel (1990) has provided a useful review. She concluded that ‘tertiary science
laboratory classes are like the curate’s egg (things good and bad) - good in parts’. She
identified a certain amount of successful innovation but lamented and puzzled over the
‘astonishingly stable’ nature of many practical exercises, especially those of the low-
level, illustrative type, which may have persisted for up to a century. She further pointed

out the reasons for lack of change may include:

little incentive to change them,

the innovative energies of teaching staff are often spent elsewhere, on lecturing/
tutoring ,

practicals are administered by graduate students, which have low status in order to
change the practical work,

more senior staff, who might otherwise consider changes in the design of practical
exercises, are distanced from the educational consequences of the status quo, they not
be fully aware of the anachronistic nature of the exercises their course specifies.

Kyle et al. (1979) expressed the hope that the information gained from their analysis
could be used immediately to improve the instruction given to the students for practical
exercises. They pointed out that the teaching assistants were not usually tramned and
many of the problems which have been associated with undergraduate practical work
might be removed by preparing better the supervisors for this work.

Moreia (1980) showed that students typically are not able to meet these more demanding
assessment criteria, to the extent that it appears that they do not really know what it is
they are being asked to do while carrying out some piece of practical work. Of course,
this reflects on the particular instruction that the students received for the course, but it
also draws attention to the traditions and conventions of science education which
arguably do not emphasise the meaningful assimilation of the concepts involved in the
performance of laboratory work. In other words, many students may have been brought
up on recipe-type laboratory work, with little acknowledgement of the need to employ
concepts intelligently.

Page 23



Chapter 2

Tamir (1977) has offered an alternative analysis. Laboratory exercises typically take
place in long sessions, without scheduled breaks, and are dominated by the teachers.
Although there is considerable variation among university laboratory exercises, they are
typically not ‘inquiry-oriented’, have a long introductory phase and no concluding or
cvaluating phase. The explicit comparison in this study was again with high school
laboratory work, which typically has a shorter introduction and a definite conclusion.

Laboratory work is expensive in terms of personnel, materials and accommodation and,
with the doubts as to its efficacy, have come suggestions that new technologies be
employed to achicve better learning at reduced cost. Fielden and Pearson (1978) reported
a cost benefit analysis of the replacement of a traditional laboratory course by a video
based approach, concluding that the innovation made significant savings of staft time,
while being likely to break even financially.

2.6 Some conclusions

In this quick overview of laboratory work in university chemistry courses, a number of
issues have become clear. Firstly, there seems much agreement that laboratory work has a
rightful place in undergraduate courses. Secondly, there is much evidence which indicates
that all is not well: an expensive learning experience is not bringing the benefits which
justify the outlay. Thirdly, there is lack of clarity about the aims for laboratory work
and students perceptions and experiences do not match aims.

Much of the problem lies in a confusion being ‘doing’ and ‘learning’. Beasley (1985) has
shown that a combination of thinking and doing works better leading to significant
improvements in student’s ability to perform psychomotor laboratory tasks. The danger
IS to stop; at the ‘doing’ and underemphasise the ‘learning’.

It is possible to present the aims for laboratory work under four headings, although there

1S some overlap:

Skills relating to learning chemistry
There is opportunity to make chemistry real, to illustrate ideas and concepts, to

expose theoretical ideas to empirical testing, to teach new chemistry.

Practical skills
There is opportunity to handle equipment and chemicals, to learn safety procedures,

to master specific techniques, to measure accurately to observe carefully.
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Scientific skills

There 1s opportunity to learn the skills of observation and the skills of deduction and
interpretation. There 1s the opportunity to appreciate the place of the empirical as a

source of evidence in enquiry and to be learmn how to devise experiments which offer

genuine insights into chemical phenomena.

General skills

There are numerous useful skills to be gained: team working, reporting, presenting

and discussing, time management, developing ways to solve problems.

The important issue 1s that the university teacher needs to decide which skills are to be
developed in a particular laboratory course, to set these out in clear, unambiguous terms

for the students, and to seek that the whole design of the laboratory experience is
consistent with the specified skills.
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Chapter Three

Laboratory Work in Scotland and Pakistan

This chapter seeks to give a brief overview of the present provision of laboratory work in
schools and universities 1n these two countries.

3.1 Practical Work in Scotland in Schools

Laboratory work has for nearly a century a very strong place in all secondary school
chemistry courses in Scotland. Indeed, chemistry is mainly taught in laboratory
accommodation where teaching, discussion and practical activities are integrated and not
seen as separate entities. In the earlier part of the twentieth century, some laboratory
work was carried out by pairs of pupils. However, much was demonstration. This relied
on a competent and trained chemistry teacher. Historically, chemistry was mainly taught

by chemistry graduates and the quality of the graduates in teaching has always been high.

The main purpose of the laboratory work was to illustrate and make real the chemical
idcas which werc being taught. The syllabus hardly altered from the first world war to
1960 and much of the work was of a ‘preparation and properties’ nature, reflecting
- typical textbooks of the time. There was no formal assessment associated with national
examinations at the Higher Grade.

In 1960, an ‘Alternative Syllabus’ in Chemistry for the Ordinary and Higher Grade was
published (Chemistry at Ordinary and High Grades, 1969). The Ordinary Grade was a
new examination to be sat at age 16, the Higher still being sat at age 17. The syllabus was
seen as a five year course and was rapidly adopted, quickly replacing the old Higher
Grade. The course has an enquiry aspect and early textbooks (Johnstone and Morrison,
1964 onwards) offered typical experiments which were designed to answer questions and
offer evidence. This was not true discovery learning but more a kind of guided enquiry
approach. The course was highly popular and numbers taking Chemistry at the Higher
Grade rose in the late 1960s and throughout the 1970s. The graph below (figure 3.1)
illustrates the pattern of uptake, related to the other sciences and mathematics.

In the late 1960s and throughout the 1970s, the first two years of the Alternative
syllabus were steadily replaced by a new Integrated Science syllabus (Curriculum Paper
7, 1977) which contained little of the chemistry of the Alternative syllabus. The
Alternative syllabus was modified as a result of this.
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Figure 3.1 Trends at Scottish Higher Grade
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One of the features of the Alternative Syllabus was laboratory work carried out by pupils
themselves. Demonstrations were only used where expense or safety demanded. Surveys
of the place of laboratory work in Scottish schools showed consistent patterns of large

amounts of pupil-based work being done (Johnstone & Wood, 1977).

During the 1980s, the development of a new syllabus called Standard Grade (Scottish
Qualifications Authority, 1981, Chemistry, 1969) to replace the Ordinary Grade took
place and by the end of the decade, most schools were following this syllabus. The
Standard Grade took less time and was a shorter syllabus. Some of the more exciting
chemistry was omitted and safety considerations began to influence what was possible.
There was a strong move towards resource-based learning where chemistry learning took
place in laboratories and pupils proceeded at their own pace (see, for example, Choice
Chemistry, Frening, D. and Hadden, S., 1989). The Higher Grade was modified several

times.

Laboratory work retained its high status in school chemistry but its nature changed
steadily. It became less teacher directed and the exciting and dangerous experiments
started to disappear. Assessment was introduced at Standard Grade and has not proved
to be very successful, eventually requiring to be downgraded in importance in achieving
examination success. The problem was that the assessment tested what could be tested
easily and fairly. This tended to be routine laboratory skills and it is highly doubtful if
such skills are important for most of the pupils. Teachers became adept at developing the
right skills and it was difficult for a pupil to gain anything other than high marks.
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Despite the problems, secondary school laboratory work in chemistry in Scotland 1s
characterised by fairly well equipped laboratories (although many are old), a highly
skilled teaching force (although dominated by older teachers) and an emphasis on
experiments carried out by pupils themselves. Laboratory work is seen mainly as an
illustration and confirmation of what is taught and up to Higher Grade there is little
freedom for projects or open-ended enquiry. There have been post-Higher Grade school
courses and these do involve project work but only a minority take such courses although

Chemistry is a popular subject.

3.2 Practical Work in First Year Chemistry at Glasgow

There are two classes in first year Chemistry at Glasgow University. Both courses
include laboratories in Physical, Inorganic and Organic Chemistry. The total number of
students typically varies between 600 and 700.

At Glasgow University, according to the Course Handbook (2001 — 2002), the course has
been designed to be both useful and interesting to all students and, at the same time, to

provide a firm basis for later courses in Chemistry and other subjects. It is also mentioned
that this is not an easy course. The whole course is divided into three main parts:

lectures, laboratories, and problem sessions.

Each student will attend one three-hour laboratory class per week. The following
objectives are listed:

To enable the student for preparations of laboratory work.

To enable the students to analyse and measure the experimental work.
To enable the students to report the practical outcome.

To enable the students to interpret the practical results.

This course also offers a chance to:

Undertake chemical reactions yourself,
Operate instruments and collect experimental data,

Think about experiment design,
Check students understanding of particular topics.

Laboratory work is marked (by demonstrators) and counts for 10% of the overall mark
for the course. In the Physical Chemistry Laboratory Course (which will be considered in
this study) there are five set experiments:
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Experiment | pH Titrations.

Experiment 2 Conductometric Titrations.
Experiment 3 Solubility product.
Experiment 4 Heat of reaction.
Experiment 5 Activation energy.

Students work in pairs as far as possible and, in each 3 hour session, will complete one
experiment, write the report in a report book, and present the report to demonstrators or
staff members for marking. The reports should be concise and clearly presented. They
should consist of a title, a brief statcment of the processes studied (where possible this
can be done by simply stating appropriate chemical equations), results of measurements,
graphs and results of calculations, and the outcome of any other assignments for the

experiments,

A major part of this study will look at student attitudes and perception relating to their
laboratory experiences both at first year level and, looking backwards, at school. The
other part of the study will look at practical work in Pakistan and the current situation 1s

now outlined in more detail.

3.3 Practical work in Pakistan

This section traces the development of policy statements and relates these to the actual

practicalities which occur today.

In many developing countries like Pakistan, science teaching in secondary schools 1is
carried out with the precise objective of preparing students only for a particular
university entrance examination, or simply to pass the examination to get admission in
some professional university or college. This leads to a strong tendency for students and
parents to want to achieve good grades rather than an understanding of science.

The style of teaching tends to be by lectures and laboratory work i1s heavily under-
emphasised. Secondary and High Secondary and even the University teachers follow only
the set courses and therefore, for them, teaching is telling and learning is listening in all too
many Science classrooms. Assessment is based on recall and recognition rather than
understanding. Clearly, such an approach to science teaching has little meaning for any
level of science teaching.

Among other things, chemistry teaching in any school as well as in at university level
requires some special arrangements:
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* Trained and committed professionals
* Well designed laboratories

* Adequate funds to run the laboratories
* Well organised feedback system

In general, none of these arrangements operates in Pakistan. There are some laboratories
in secondary schools but the equipment is inadequate and not comparable with that in
developed countries. In some schools, the students can see this equipment lying in its
cardboard boxes but they are not allowed to use it. There are many reasons and many
constraints on the teacher: for example, there is no fund for breakages, there is no fund for
the chemicals, and there 1s no fund for the other necessities used in laboratory work.

3.3.1 Aims for Laboratory Work

The following are quoted from the Higher Secondary School First Year Laboratory
notebook/manual (1998).

1. A laboratory is a workshop, here the students and the research worker perform
experiments, observe, analyse, formulate theories and test conclusions.

2. Understanding of the principles of Chemistry.

3. Laboratory work in chemistry subject is to make the subject more real and more
lifelike.

4. Laboratory provides an opportunity to learn by doing.

5. The laboratory work is a sort of training in handling the apparatus, glassware and
chemical reagents.

The Government of Pakistan Ministry of Education, in 1956, has summarised the aims
and objectives of teaching science at different stages in the proceedings of the all-India
seminar on the teaching of science in secondary schools.

At high and higher secondary level, the aims of teaching science should be;

1. To familianise the pupils with the world in which they live and to make them

understand the impact of science on society so as to enable them to adjust
themselves to such environment.

2. To acquaint them with the “scientific method” and to enable them to develop the
scientific attitude.

3. To give the pupil a historical perspective, so that they may understand the
evolution of scientific development,
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The report of the curriculum committee for secondary education (1961) gives the
following two objectives of teaching of science:

. To inculcate the scientific spirit and develop a scientific outlook among the
students.

2. To provide such knowledge in science as may be applicable to every day problems
of modermn life and useful in dealing with them.

The same report also describes the essentials of the scientific outlook as;

1. A spirit of impartial inquiry.
2. A desire to understand things, as they are not as one would like them to be.
3. Reliance on observation of facts rather on preconceived notions.

4. Readiness to change one’s opinion if new facts necessitate 1t.

5. Willingness to consider and accept the other man’s point of view if it 1s supported
by facts.

In a document released in 1973 by the Federal Board of Education, Islamabad, some of
the more relevant aspects of these objectives are:

. To acquire the knowledge about independent study techniques. Self directed
investigations and activities to seek answers to the problems and acquire future
knowledge.

2. To help the individual become more productive member of the society.

3. To give knowledge of national resources and of the skills and the techniques to
utilise them most beneficently.

4. To inculcate an attitude of continuous inquiry and search in solving problems.

The specific objectives of laboratory curricula at this level in this document are:

1. To enable the students understand the principles governing chemical processes.

7  To enable the students make observations, study the facts and frame valid
conclusions.

3. To enable the students acquire better understanding of the structure of matter and of
the natural phenomena, obtaining in the universe.

4. To acquaint the students with laboratory as applied in every day life.

5. To prepare the students for professional careers.

It is clear that there have been many policy statements, all supporting the idea of a
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thriving and effective system of laboratory-based instruction in schools. Sadly, the
means to achieve these aims is not in place. Resources are not present and teachers are
not trained to use laboratory resources effectively.

3.3.2 Recent Developments in School Laboratory Learning

The National Science Teachers Association of Pakistan (1990) suggested these
developments to improve the learning of sciences 1n the laboratory.

High School and College Level

All high school and college science must offer laboratory experiences for all students.
Experiences must be provided for students who are unable to participate in specific
laboratory activities.

A minimum of 40 percent of the science instruction time should be spent on laboratory
related activities. This time includes pre-laboratory instruction in concepts relevant to the
laboratory, hands-on activities by the students, and a post-lab period involving
communication and analysis. Computer simulation and teacher demonstrations are
valuable but should not be substitutions for laboratory activities.

Evaluation and assessment of student performance must reflect the laboratory experience.
The full range of student experience in science should be measured by the testing

program.

Laboratory activities in science need to be subjected to continual professional review. A
need exists for ongoing research support for evaluating laboratory activities and their
appropriate use at particular grade levels, for screening activities to ensure safety and for
developing new laboratory activities. Special emphasis must be placed on disseminating
the results of this research to teachers.

An adequate budget for facilities, equipment, supplies and proper waste management
must be provided to support the laboratory experiences. Equipment and facilities must be
maintained and updated on a regular basis. Unique instructional supplies must be
provided in sufficient quantity that students have a direct, hands-on experience. For some
activities, funds for field experiences must also be included in the budget.
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Science should be taught in a space specifically dedicated to science classes with
provisions for laboratory activities. A safe and well-equipped preparation and work
space for students and teacher must be provided. Adequate storage space for equipment
and supplies, including a separate storage area for potentially dangerous materials, must
be provided. Special considerations should be given to ensure laboratory safety for the
teacher and the students. Accommodation must also be made for computers and other
electronic equipment in order to provide easy access for students to use these devices as
laboratory tools.

A competent paraprofessional should be provided to assist with preparation for
laboratory experiences, including set-up and clean up, maintaining community contacts,
resources searching, and other supportive services.

Competent assistance should be provided to help with laboratory preparation and clean
up, activities which represent an inefficient use of teacher time.

No more than two different preparations should be assigned to the teacher for any
academic term. The development, implementation, and evaluation of effective laboratory

activities require extensive time by the teacher.

The same teaching credit should be given to one hour of laboratory time as 1s given to one
hour of lecture time. Teachers in the laboratory must constantly monitor students
learning and anticipate, recognise, and respond to problem that arise.

The number of students assigned to each laboratory class should not exceed 24. The
students must have immediate access to the teacher in order to provide a safe and

effective learning.

Since the laboratory experience is of critical importance in the process of enhancing
students’ cognitive and effective understanding of science, therefore these
recommendations will help to improve learning in the laboratory situation.

Such developments are welcomed but, unfortunately, it has not led to action and
laboratory work in schools is either absent or very poorly conducted.
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Chapter Four

The Nature of Learning I

4.1 What is Learning?

Learning encompasscs many skills and experiences. This chapter seeks to look very
broadly at learning, with special emphasis on the kind of lecarning which is possible in

laboratory situations.

Learning can be defined in many ways. One of the simplest forms of learning 1s imitation.
This means things produced as a copy of the real things. Such type of leaming will be
very useful in the laboratory situation. Imitating encourages one to grow and pretend

freely without risk of being wrong or embarrassed.

Boud et. al. (1986) expressed the views that leaming outcomes have the same relationship
to aims and objectives as learning experiences have to the leaming plans. Learning
outcomes are what the students attain from the course. The learning outcomes of the
laboratory course are closely related to its aims. Commonly in laboratory courses, the
learning outcomes which are tested are those which are the easiest to measure by pencil-
and-paper tests. Greater weight 1s placed upon students’ ability to describe
experimentation rather than upon their experimental skills, on the production of ‘night’
answers than on critical thinking, on corrcct conduct of experiments rather than

experimental design and planning.

The research findings on laboratory learning are surprisingly disappointing. In general, at
school level, the pupils’ time in the laboratory does contribute positively to their

enjoyment of the subject (Skryabina, 2003), so that increasing the laboratory component
of a course should make it more interesting. The laboratory should be the place where
new and useful skills are observed and where teachers assist the students towards the
aims and objectives they have determined for the practical course. Laboratory work is a
compulsory and integral part of undergraduate chemistry courses. The laboratory
provides opportunities for training not only in practical hand and instrument skills but
also for many of the thinking, planning, recording, interpreting and group working skills

(Carnduff and Rceid, 2003).
Gagne and White (1978), in an elegant series of research studies, developed a model which
has two postulates. These postulates are very relevant to the problem of making

laboratorics more effective for learning. The first is called images, which is figural
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representations in memory of diagrams, pictures and scenes. These have a great potential
for building up this typc of memory, when the chemistry teacher demonstrates in the
laboratory. The sccond is called episodes, which are the representations in memory of
the past events in which the individual was personally involved. Both images and
episodes arc powerful aids to the recall of any knowledge associated with the students.

Two main concepts are involved in learning practical tasks, knowledge and skills. These
two are distinguished and discussed by Seymour (1998). Knowledge involves memory
for symbolic materials such as words, numbers or diagrams and 1s said to be learned when
it is memorised and appropriately recalled. Skills involve non-symbolic information
which must be acquired through motor and perceptual leamning. In chemistry laboratories,
this can be thought of in terms of the chemistry to be learned and the practical skills
which should be mastered. This kind of analysis is of limited use in that it ignores
attitudes, confidence, and important thinking skills like creativity and critical thinking.

Pazzani (1991) suggested that we have the ability to memorise the names of different
components readily due to some prior knowledge of these components. However, 1f the
names of these components are initially unfamiliar then learning will be poorer as
compared to the first case. This suggests that, if the students have some ideas or some
knowledge before the laboratory work, their understanding and performance will be good.
In other words, their leaming will be more distinguished as compared to the students have
no pre-knowledge. This supports the notion of some kind of pre-laboratory activity.

Weick (1991) stated a traditional definition of learning as, “ .... to become able to respond
to task-demand or an environmental pressure in a different way as a result of earlier
response to the same task/practice or as result of other intervening relevant experience.
The sign of learning is not a shift of response or performance as a consequence of change
in the stimulus-situation or in motivation, but rather a shift in performance when the
stimulus-situation and the motivation are essentially the same. Such change in
performance is said to require a hypothesising change in the responding organism”. Such
an attempt at a comprehensive description offers a fairly complex picture of the process.

Gagné’s (1985) theory is based on the behaviourist view that skills should be learned one
at a time in order to build on previous information. Kolb’s (1984) learning theory implies
that the concrete concepts must be mastered and then cxtended to the abstract level. Kolb
(1981) explained that authentic leaming enables the learner to “perform™ at those levels
where the “knowledge” is transferable to real world situations.
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In discussing a definition of learning , the North Central Regional Educational Laboratory
(NCREL) offered this

The different curriculum standards reveal a common spirit. Over and over again,
these professional organisations admonish traditional models of education for
emphasising memonsation, and usefully to cover content at the expense of deep
conceptual understanding. All emphasise in-depth learning; leaming orented to
problem solving and decision making; leaming embedded in real-life tasks and
activities for thinking and communicating; and learning that builds on students’

prior knowledge and expenences.

Alavi, Maryam (1994) called this theory of learning “a new theory of learning”. He

explained this theory as;

“Tell me and I will surely forget.

Show me and I might remember.
But make me do it, and I will certainly understand”.

It is this kind of folklore which can hinder the sharing of educational research. Taken
superficially, it might imply that the “doing’ in a laboratory will, be definition, lead to
better learning. The evidence from many 1s that this is simply not true. Consider the art
of riding a bicycle. Clearly, telling the potential cyclist how to do it is not very helpful.
Showing the person the skill is a little better but, in the end, the learner has to try it out
for himself or herself. This i1s very different from the laboratory. If the aim is that a
student will be able to carry out some specific skill (like handling a pipette), then the
prnciple still works but the more fundamental aims for laboratories do not conform
merely to such skill acquisition, Reading, listening, thinking, discussing will all be
important elements to be taken along with the conduct of the experiment. Indeed, the
actual conduct of the experiment may hinder the development of understanding.

It is difficult to summarise learning 1n a single phrase which will encompass all situations.
Here, learning will be seen as an active, goal-directed construction of meaning. Learning
involves experience that will change the behaviour. Learmning needs goals and this is
particularly important in laboratory leaming where it is possible‘ to have much activity

without goal-directed learning.

Page 36



Chapter 4

4.2  Learning by Discovery

Johnstone and Shuaili (2001) suggested that the heuristic method taught by Armstrong
early in the 20th century can be regarded as the origin of discovery laboratory teaching. In
this, students were required to generate their own questions for mvestigation. No
laboratory manual was used and the teacher provided minimal guidance. The student was

placed in the role of discover.

They further emphasised that, similar to inquiry, the discovery approach is inductive but
differs with respect to the outcome of the instruction and to the procedure followed.
Whereas, in inquiry, the outcome is unknown to both the teacher and the learner, in the
discovery learning, the teacher guides learners towards discovering a desired outcome.

Bruner’s conception of discovery learning (1967) is not that students are to discover
every bit of information by themselves but that they are to discover the inter-relatedness
between ideas and concepts by using what they already know. Teachers should try to
instil within their students a sense of confidence in the students ability to learn and to
learn how to learn. Bruner (1967) thought that a significant difference could be made to a

child’s intellectual development by careful curriculum design and skillful teaching.

Bruner (1983) presented a course cntitled, ‘Man: A Course of Study’ to 75 children, at
the Underwood School in Newton, Massachusetts. The objective was to try out new

ideas and materials on teaching that had been developed by working parties in the months
leading up to the experiment. They worked with the students for a month. Later on, the

individuals involved said that it had been one of the most stimulating experiences in their
academic lives. However, it is not easy to see how this kind of approach can be adapted

to university laboratories where, perhaps, hundreds of students have to be taught with

minimum statt resources.

Bruner (1966) suggested that learning is an active process in which learners construct new
ideas or concepts based on their current and/or past knowledge. The learner selects and
transforms information, constructs hypotheses and makes decisions, relying on their
cognitive structures. Cognitive structure (schema, mental models) provides meaning and
organisation to experiences and allows the individual to go beyond the information given.

There are similarities between Bruner’s approach and that of Piaget. Both believe that

knowledge can be constructed by the students if they are presented with appropriate
opportunities to learn. The constructivist perspective developed from such approaches.
However, the constructivist approach has tended to focus on the problems ansing from

misconstructions rather than on the processes by which knowledge and understandings
are constructed.
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Bruner (1971), contended that students, starting at early primary school stages, should
learn the structure of a body of knowledge instead of items of information which requires

much memorisation. He also asserts that students should be taught and encouraged to

discover information by themselves.

In order to learn about a body of knowledge, the curriculum should be designed in such a
way that leaming from stage to stage is carefully structurcd. As the child progresses in
grade level, the body of knowledge being studied should progress in a way which he
described as a spiralled curriculum. A spiralled curriculum 1s one in which each concept
will spin into the next concept in line to produce an ever expanding leamning spiral
(Granger, 1992). For example, a logical step would be the development and utilisation of
a taxonomic scheme involving familiar fauna or flora. The spiral then continues on to look
at variations among plants, for example, angiosperms and gymnosperm which lead to

flower structure and function (Granger, 1992).

Cognitive theories rest almost completely upon the notion that students have an internal
desire to learn by wanting to accommodate and assimilate new information. Snelbecker
(1974) said that discovery learning requires that the student participates in making many
of the decisions about what, how, and when something is to be leamed and even plays a
major role in making such decisions. Instead of being “told” the content by the teacher, it
is expected that the student will have to explore examples and for them “discover” the

principles or concepts which are to be learned.

Many contend that the discovery learning versus expository debate continues a timeless
debate as to how much a teacher should help a student and how much the student should
help himself (Entwistle, 1981). Indeed, discovery learning presupposes a student desire
to learn and that it is possible for the teacher to develop learning situations where
students can construct their own understandings. In many areas, this may prove to be
very difficult. It is unlikely that students can make discoveries in a few hours which took

the best intellects many centuries to develop.

Bruner (1966) states that a theory of instruction should address foﬁr aspects:

(1) Predisposition towards leamning;
(2) The ways in which a body of knowledge can be structured so that it can be most
readily grasped by the learner;

(3) The most eflective sequences in which to present material;
(4) The nature and pacing of rewards and punishments.

Each is now discussed briefly.
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4.2.1 Curiosity and Uncertainty

Bruner (1967) felt that experiences should be designed which will help the students to be
willing and able to learn. He called this the predisposition toward leaming. Bruner
believed that the desire to learn and to undertake problem solving could be activated by
devising problem activities in which students would explore alternative solutions. The
major condition for the exploration of alternatives was “the presence of some optimal
level of uncertainty” (Bruner, 1967). This related directly to the student’s curiosity to
resolve uncertainty and ambiguity. According to this idea, the teacher would design
discrepant event activities that would stimulates the student’s curniosity. For example, the
teacher might fill a glass with water and ask the students how many pennies they think
can be put in the glass without any water spilling. Since most students think that only a
few pennies can be put in the glass, their curiosity is aroused when the teacher is able to
put between 25 - 50 pennies in before any water spills. This activity then leads to an
exploration of displacement, surface tension, variables such as the size of the glass, how
full the glass is, and so on. In this activity, the students would be encouraged to explore

various alternatives to the solution of the problem by conducting their own experiment

with glass of water and pennies (Bruner, 1967).

4.2.2 Structure of knowledge

The second component of Bruner’s theory refers to the structure of knowledge. Bruner
expressed it by saying that the curriculum specialist and teacher “must specify the ways
in which a body of knowledge should be structured so that 1t can be most readily grasped
by the learner” (Bruner, 1967). This idea became one of the important notions ascribed to
Bruner. He explained it this way: “Any idea or problem or body of knowledge can be
presented in a form simple enough so that any particular learner can understand it in a

recognisable form.” (Bruner, 1967).

According to Bruner, any domain of knowledge (Physics, Chemistry, Biology, Earth
Science) or any problem or concept within that domain (law of gravitation, atomic
structure, homeostasis, earthquake waves) can be represented in three ways or modes: by
a set of actions (inactive representation), by a set of images or graphics that stand for the
concept (1conic representation), and by a set of symbolic or logical statements (symbolic

representation) (Bruner, 1967).

A very useful idea of multilevel thought has been proposed by Johnstone (1982).
According to Johnstone, the science subjects can be seen as three levels or corners of a

triangle.
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Figure 4.1 Multi Level Thought (Johnstone, 1991)

Macro

Micro Symbolic

The macro (descriptive and functional) level is described as the first level of multi-level

thought where the student can see and handle materials and describe their properties. In
other words, it is the tangible, edible and visible level: for example, water, sodium chloride

in chemistry and plants, animals in biology, moving objects in physics and so on.

The micro level is really sub-micro level and is the second level of thought. In chemistry,
this is the molecular and sub-molecular level in which an attempt is made to give mental
pictures of substances which are described at the macro level. It involves atoms, electrons

and bonds.

The symbolic (or representational) level is the third level of thought in which the learner
tries to represent ideas and substances by formulae and their changes by equations. For

example, the chemical equation of photosynthesis in plants,
6CO, +  6H0 — P  CgH;206 + 60

Johnstone (1991) has observed that much of the teaching occurs within the triangle where
three levels of thought interact in varying degrees. The teacher, as an expert in his topic,
can easily move from one corner to another or operate anywhere within the triangle but 1t
is not the case for students. When the students are learning a new topic, the start may
need to be at the macro level. When they have been put in the triangle, the teacher 1s not
aware how much demand he is putting on the students in presenting the descriptive,
representational and explanatory level at the same time. This simultaneous demand in
three levels causes overloading of working memory space. This will be described in
greater detail later. The main point to be noted here is that the teacher has enough
knowledge and experience to know how to handle many ideas at once. In effect, the
teacher can move from one comer of the triangle to an other or anywhere within the
triangle. However, the student, as a beginner, does not have this skill and often finds 1t

impossible to hold all the ideas simultaneously, becoming hopelessly confused
(Johnstone, 1982).
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4.2.3 Sequencing

The third principle was that thc most effective sequences of instruction should be
specificd. According to Bruner, instruction should lead the learner through the content in
order to increase the student’s ability to “‘grasp, transform and transfer”’(Bruner, 1966)
what is learned. In general, sequencing should move from inactive (hands-on, concrete), to
iconic (visual), to symbolic (descriptions in words or mathematical symbols). However

this sequence will be dependent on the student’s symbolic system and learning style.

One of the most important issues in the application of learning theory is sequencing of
instruction. The order and organisation of leaming activities affects the way information
is processed and retained (Glynn & DiVesta, 1977; Lorch & Lorch, 1985; Van Patten,

Chao & Reigeluth, 1986).

The idea of organising or sequencing learning activities has been studied by many. Some
have based their ideas on a ‘simple-to-complex’ sequence (e.g., Bruner, 1973; Reigeluth,
1983; Scandura, 1973). Gagné stressed that the sequence is dictated by pre-required skills
and the level of cognitive processing involved (Gagné, 1985). Mager (1975) allowed the
learner the freedom to choose their own learning sequence based upon mastery of pre-
requisite lessons while Merrill (1994) also proposed that the learner select their own

learning sequence based upon the instructional components available.

Others have emphasised the goal-directed nature of behaviour. Thus, Tolman, (1932) and
Newell and Simon (1972) specified that the sequence of instruction be based upon the

goals/sub goals to be achieved.

Some of these ideas go right back to the more behavioural approach of Thorndike, and
Skinner in supporting a linear sequence of instruction ( Skinnner, 1968). From the
behavioural perspective, learning amounts to stimulus-response pairings and mastery of a
complex subject matter or task involves the development of a chain or repertoire of such

connections. Indeed, a fundamental principle of Skinnerian programmed learning was the

shaping of such stimulus-response chains.

4.2.4 Sequencing in the laboratory course

Woolnough (1994) suggested that the choice for the laboratory course planner is not,

‘what 1s the best for my course?’ but ‘what combination of approaches dealing with
material, will provide the most suitable experience for the students overall?” The skilful
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laboratory course designer needs to be able to take the desirable elements from each and

balance them in a programme, which pursues all the major objectives that have been

identified and provides a coherent experience for students.

One of the most important decisions to be made is how the course should be sequenced:
how should the teaching plan be ordered to provide a coherent and educationally sound
experience for students. Following this, what should be included 1n the laboratory manual,

what students need to do before entering the laboratory and what they should do after

each experiment.

If the laboratory is conceived as a discovery experience, the importance of knowing what
the student knows at the outset and preparing the student mind for learning are extremely
important. Johnstone and Vianna (1994) set up a very carefully designed experiment
using five large groups of chemistry students following the samc laboratory course.
Among other things, they were exploring the effectiveness of pre-laboratory exercises and
mini-projects on laboratory learning. They obtained clear evidence that pre-laboratory
exercises and mini-projects fogether offered the best learning experience. Pre-laboratory
exercises always brought about improvements but the effective use of mini-projects
required the preparation brought about by pre-laboratory exercises. This emphasises that
pre-laboratory preparation is a vital factor in maximising the educational value of

laboratorics.

In a parallel study in physics, Al-Zaman and Johnstone (1998) explored, in a skilfully
constructed experiment in undergraduate physics, both learning gains and the
development of attitudes when using pre-laboratory exercises. They found quite massive
changes in student attitudes towards laboratories, attitudes becoming markedly more
positive. They also found very large gains in what the students understood, evidenced by
both demonstrator marking of laboratory reports and by the successful completion of

post-laboratory exercises which tested understanding.

Sirhan et al, (1999) suggested that reducing the amount of the material might be
advantageous if the time released was used to prepare the minds of the students to make
more complete sense of the new material offered. Similarly, Garratt claims that there 1s
somc cvidence for the proposition that covering less material results in more total learning
(Garratt, 1997). Sirhan and Reid, (2001) concluded the importance of the idea of
preparing the mind of the learner by applying the model of Johnstone and El-Banna
(1986) and suggested that the pre-lecture can be used in any course in Higher Education.

This brings benefits to those who are disadvantaged by their lack of previous experience
of chemistry. In addition, the laboratory experience must be secn as a holistic experience:
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student preparation before the laboratory, the actual laboratory investigation, what the

student then does with the outcomes of the experiments.

Davies (1982) suggested these rules for sequencing:

Proceed from known to unknown;
Proceed from simple to complex;
Proceed from concrete to abstract;
Proceed from particular to general;

Proceed from observations to reasoning;
Proceed from whole to parts and back again to the whole.

These are the most simple rules. However. more recent studies enable us to go beyond
this formulation and take into account the needs of the discipline, the needs of the learner
and needs of the context for which the students are prepared. However, even this
apparently simple set of rules are complex when applied by learners in unknown
situations. Romiszowski (1981), suggested a much more comprehensive set of principles

in relation to the above discussion but its complexity 1s a problem

4.3 Support for Discovery Learning

It can be argued that discovery leaming matches cognitive development and some
educators favour this type of leaming because this approach is consistent with the ways
that people learn and develop (Lawrence, 1998). For example, Bruner identified three
stages of cognitive growth, similar to the stages identified by Piaget. Bruner believed that

children move from an inactive stage to the iconic stage and finally to the symbolic stage.
In the inactive stage, the child represents and understands the world through actions. To

understand something is to bec able to manipulate it, throw 1t or break it. At the iconic
stage, the child represents the world in images: appearances dominate. This stage
corresponds to Piaget’s pre-operational thinking and its principle of conservation, in
which the higher the water level, the more water there must be in the glass. At the final
lcvel, the child is able to use abstract ideas, symbols, language, and logic to understand

and represent the world.

Discovery learning allows students to move through these three stages as they encounter
new information. Firstly, it is suggested that the students manipulate and act on
materials; then they form images as they note specific features and make observations;
and finally, they abstract general ideas and principles from these experiences and
obscrvations. When students are motivated and participate in the discovery project,
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discovery learning leads to superior learning. However, it must be noted that Piaget is
talking about biological maturation while Bruner is talking about a proposed sequence of

experiences through which learners proceed.

4.4 Criticisms of discovery learning.
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