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REACT ON THINKING 

by S. Gopinathan 

Prime Minister Goh Chok Tong's seminal speech at the official opening of the 7Ih 
International Conference on Thinking in June this year provided a conceptual framework 
for understanding the need for, and realising the goal of, a new generation of school 
leavers capable of creative and critical thinking. It provided a new focus for efforts to 
reform the education system begun many years earlier, but now made more urgent by 
the relentless onslaught of the globalisation phenemona. 

The challenge now facing educators is to come up with the strategies, curriculum 
materials, new assessment techniques, and innovative ideas for integrating instructional 
technology, to ensure the effective translation of the Prime Minister's vision into 
purposeful practice at the classroom level. 

It will be a daunting, yet exhilarating challenge. There are many views about, for instance, 
the nature of creativity, and its relationship to critical thinking. Attempts are being made 
to redefine the concept of intelligence while many breakthroughs are expected in our 
understanding of cognition from a biomedical perspective. 

This issue of REACT is dedicated to providing some preliminary ideas with regard to 
the challenge at hand. The first two of the seven reviews, touch on the aspects of critical 
and creative thinking and the importance of the teacher's skills in creating conducive 
classroom environments. Four other articles examine the place of creative and critical 
thinking in English, Science, Music and Design and Technology. Attention is drawn not 
only to the need to learn about the general rules of reasoning, and the need for evidence, 
but also the importance of mastery of content, without which logical argument is not 
possible. In similar vein the point is made that a thinking classroom need not mean the 
elimination of curriculum materials. The last review in this issue discusses the potential 
of different types of assessment to enhance critical and creative thinking. 

Phoro corrrr~~r? of Hong Knh Secondan. School. 
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THINKING ABOUT CRITICAL AND 
CREATIVE THINKING 

Review by Christine Han 

INTRODUCTION 

In Singapore, the future of schools in wh~ch 
critical and creative thinking is taught and 
encouraged is encapsulated in the slogan 
of Prime Minister Goh Chok Tong. 
'Thinking Schools, Learning Nation' (Goh. 
1997). 'Thinking Schools' characterises a 
situation in schools in which pupils are 
taught, and encouraged to develop, skills 
and habits associated with learning. 
communicating and creative thinking. 
'Leaming Nation' refers to the aim to foster 
the knowledge, skills and attitudes needed 
for continual leaming, both in and outside 
school, and during and after formal 
education. 

It could be said that the espousal of 'critical 
and creative thinking' as an educational 
goal is an expression of dissatisfaction with, 
as well as an attempt to correct, what is seen 
as an undesirable situation in Singapore 
schools. This situation is usually described 
as one in which pupils are often subjected 
to rote leaming and 'drilling', after which 
they 'regurgitate' what they have leamt in 
tests and examinations. While this 
approach may help pupils attain good 
grades, the question arises as to whether 
they have understood in any real sense what 
they have been taught, or are able to think 
critically about, and work creatively in, 
their academic disciplines. 

CoRT and Robert Marzano's Dimerlsiorzs 
of Leuming, or the adaptation of these for 
use in schools. The object of such 
programmes is usually the teaching of 
general thinking skills. 

When he attended the Th International 
Conference on Thinking held in Singapore 
this year, Professor Richard Pring of Oxford 
University presented a keynote address on 
the subject of 'A Learning Society: A 
Cautionary Note' (Pring, 1997). In it, he 
examined what it could mean to foster 
thinking in general, and critical and creative 
thinking in particular. He also subjected to 
philosophical scrutiny some of the concepts 
and ideas implicit in the notions of 'thinking 
schools' and 'learning nation'. Hisanalysis 
could help teachers clarify what they could, 
and should, hope to achieve with regard to 
critical and creative thinking. This article 
examlnes Pring's ideas and discusses 
inlplications for local teachers. 

OVERVIEW OF C R I T I C A L  AND 
CREATIVE THINKING 

When critical thinking is used in an 
educational context it usually refers to the 
ability of the individual, not simply to 
understand what has been taught, but also 
to reflect on and analyse the information 
so as to arrive at an evaluation of it. 

In the last decade, there has been a concern The notion of creative thinking is more 
in Singapore with teaching critical and problematic. Nickerson, Perkins and Smith 
creative thinking. This concern is  point out, for instance, that there are niany 
manifested in the interest shown in the use definitions of creativity (Nickerson et al, 
of such programmes as Edward de Bono's 1985). Some people define it as the ability 
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to invent original and appropriate products. 
Some say that creative products should 
disp1rz.v unity, intensity, and complexity. 
Others use the criteria of abstractness. 
symbolic significunce, transcendrnce of 
constraint and .summary power. Whatever 
definition is used, Nickerson et al point out, 
creative products are generally competently 
produced and also reflect the added 
elements of insight and invention. 

These authors also imply that the aim of 
reaching creativity is not or should not be 
to produce geniuses, such as Beethovan and 
Einstein, in an assembly line. This, it could 
be said, would be a unrealistic aim. The 
very idea of producing custom-made 
geniuses is probably self-contradictory 
anyway. A worthwhile goal, however, may 
be the enabling of children to achieve 
"moderate but useful improvements in 
creative work" (Nickerson et al. 1985; p. 
100). 

At the same time, it is pertinent to note that 
critical thinking and creative thinking are 
closely linked. Nickerson et al believe that 
the forn~er may be necessary for the latter, 
although it is not sufficient for it. Their 
argument is that an individual often needs 
to be able to think critically - to go through 
the criticalfiltrring out of inferior options 
- in the process of being creative. 

There is insufficient research evidence to 
show that programmes teaching thinking 
achieve what they claim to. Indeed, 
different programmes are likely to succeed 
in varying degrees depending on the 
programmes, the teachers implementing 
them, and the type of pupils involved 
(Nickerson et al, 1985). However, 
Nickerson et a1 argue that, as long as there 
is the possibility of accomplishing 

something, it is more rational to make the 
attempt, than not to try at all. 

AN ALTERNATIVE VIEW OF 
CRITICAL & CREATIVE 
THINKING 

In his keynote address at the 7'h 
International Thinking Conference held in 
Singapore in June 1997. Pring examined the 
issue of what it meant to teach general skills 
of thinking. He pointed out that there were 
general rules which need to be followed, 
and mistakes to be avoided, if reasoning 
was to be valid. 

General rules and guidelines 

These rules include not going beyond the 
evidence. avoiding inconsistency, not 
contradicting oneself, etc. Hence, it is 
possible to identify certain rules and 
guidelines which should be followed if 
individuals are to think clearly and argue 
logically. These can, and should, be taught 
to children. 

1 

Dispositions and virtues 

However, equally important and often 
overlooked is the identification and 
cultivation of the dispositions or vhues that 
promote clarity of thought and logical 
argument. Pring suggested, among other 
things, that children need to be concerned 
about the truth, to be responsive to 
criticism, and eager to find contrary t 
evidence. They also need to value 
constructive criticism. It is therefore not 
enough that children know what general 
rules and guidelines to follow, they need to 
care about thinking clearly and logically, 
and have the dispositions that support this. 
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Concepts and standards of an academic 
subject 

Pring further noted that 'thinking' is a 
complex concept, and should be regarded 

I as such. 'Academic subjects' are essentially 
'maps' of public knowledge in a society. 
Each has its own logical structure and set 
of concepts, and these need to be acquired 
before they can be applied. At the same 
time, there has to be an internalisation of 
the standards of an academic subject, i.e. 
the framework by which understandings 
can he corrected, debated, criticised and 
refined. For example, children can only 'do 
literature' if they grasp certain concepts. 
They need, for instance, to know what 
syrnbols are and how these contribute to the 
developing therne or structure of a novel. 
If children are to think critically or 
creatively - indeed, if they are to think at 
all where literature is concerned - it is not 
sufficient merely to equip them with 
general rules and guidelines for thinking. 
They need the requisite knowledge about 
literature as well. In other words, they need 
to know, and correctly to apply, literary 
concepts in relation to other literary 
concepts. 

In addition, if children are to understand 
and evaluate literary works, they need to 
have been initiated into certain standards. 
For instance, in order to be able to 
distinguish a finely written piece of work 
from a sentimental one, or to be able to 

4 compose a well written piece of work 
themselves, children need to have acquired 
a taste for good literature, and to have 
identified and understood in a deep sense 
the qualities that characterise good 
literature. 

The exploration of important questions 

Pring also indicated that there are important 
questions which children need to be 
introduced to. and to have thought about, 
such as those pertaining to how one should 
behave, or the ends which are worth 
pursuing. The humanities, in particular, 
allow individuals to explore such important 
questions. 

A community of learners 

Finally, Pring made the point that learning 
in general, and learning to think in 
particular, must take place in a community 
of learners. Such a community provides a 
forum for sharing and criticising ideas, in 
which different perspectives can be 
presented and explored. Quoting Lawrence 
Stenhouse, Pring pointed out that there is 
an educative quality in the sharing of 
experiences in a group (Stenhouse, 1967). 

If children are to think critically and 
creatively certain conditions need to be met 
in order for them to do so. These conditions 
include teaching children the concepts of 
a subject, fostering the necessary 
dispositions, inspiring children to care 
about the standards of a subject, 
encouraging them to take up subjects in the 
arts and humanities, and fostering a 
community of learners. The adoption of 
these features in schools might well involve 
changes in the attitude and approach of 
principals and teachers to education and 
teaching in general. 
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IMPLICATIONS 

If we accept Pring's arguments, then there are a number of implications for 
local teachers to bear in mind. 

I. Teach pupils about the forms of argument, about basic rules such as not 
contradicting oneself, not going beyond evidence, and so on. The aim of 
education should be to lead children to a stage where they can evaluate 
for themselves views or propositions pertaining to the academic subject. 

2. Avoid teaching practices which involve a high degree of drilling (e.g. 
getting children to do many mathematical problems of the same time type). 
Such practices often aim at training children to recognise the form of the 
question, to which a standard approach is prescribed, rather than helping 
them achieve real understanding of concepts and standards. Hence these 
practices create conditions that are inimical to thinking - critical, creative 
or otherwise. 

3. Place greater emphasis on helping children grasp the concepts 
associated with an academic subject, and also the standards according 
to which ideas or theories of that subject may be evaluated. Invest greater 
effort in identifying what these are for the respective subjects, and make 
a deliberate attempt to ensure that children acquire these. 

4. Initiate children into academic subjects with the aim of leaving them 
fullparticipants in the learning process. Hence, it is necessary to teach 
in such a way that children not only know about the concepts and standards 
of an academic subject, they care about these standards as well. In this, 
the teacher's passion for a subject, and concern for the standards which 
underlie it, are crucial as models for pupils to emulate; these could also 
be a source of inspiration for them. 

5. Encourage children to reach their own conclusions. The caveat is that 
conclusions should be derived according to the procedures of an academic 
subject, and conform to its standards. Teachers should therefore help 
and encourage children to reflect on, and struggle with, their ideas. An 
important aspect of this is that teachers need to be open to the possibility 
that their pupils may arrive at views which are unpopular, or which are 
different from their own. Where applicable, teachers should acknowledge 
such views as being legitimate. 
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6. Encourage allpupils to seriously take up the humanities, not simply as 
another examination subject, but one in which they can explore the 
important questions in life. In this regard, the practice of discouraging 
children from taking subjects in the humanities and arts because these 
are difficult to score high marks in, with a view to improving a school's 
ranking in the league tables, is short sighted. 

7. Provide opportunities for children to share ideas and discuss these in 
groups. In this context, teachers need to be prepared for their role as 
facilitators in managing these groups so that the discussion in such 
communities would achieve their intended goal. 

8. Maintain a good grasp of the discourse and standards of academic 
subjects in order to know how to correct children when they make 
procedural mistakes. At the same time, move away from the view that 
the teacher's role is to provide pupils with determinate answers, to one 
which aims to leave pupils fully fledged participants in the learning 
process. 

9. Act as role models forpupils. Be concerned about the truth, responsive 
to criticism, eager to find contrary evidence, etc. Emphasise the importance 
of these qualities, and reward children by giving them credit when they 
display them. 
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TEACHER DISPOSITIONS AND CLASSROOM 
ENVIRONMENTS WHICH SUPPORT THE 

TEACHING OF CREATIVE AND CRITICAL 
THINKING SKILLS 

Review by Moo Swee Ngoh 

INTRODUCTION 

Prime Minister Goh Chok Tong presented 
his vision of 'Thinking Schools, Leaming 
Nation' at the Thinking Conference in June, 
1997, with a clear message for Singapore to 
prepare for the new challenges and rapid 
changes taking place. To realise this vision, 
the Minister for Education stated in 
Parliament, ".. we will have to begin in our 
schools" (ST, 31 Jul 1997). 

This article briefly reviews the challenges 
presented by the teaching and learning of 
creative and critical thinking, and discusses 
the need for teachers to provide a classroom 
environment that is conducive to such 
leal?ing. It also describes the teacher 
dispositions considered essential for creating 
positive learning environments, and the 
importance of teacher dispositions in 
influencing classroom interactions. 

CHALLENGES OF TEACHING AND 
LEARNING CREATIVE AND 
CRITICAL THINKING 

The curriculum in Singapore schools is 
generally presented in clearly structured 
forms, operating under what Glasser (1969) 
terms the principles of certainty (where there 
is a right and wrong answer for almost 
everything), and measurement (where 
leaming is quantifiable). Students are used 
to the seemingly clear boundaries of 
knowledge and learning as outlined in the 
curriculum, and evaluation criteria. 

Schools will now need to give emphasis to Perkin's 
the develovment of critical and creative 
thinking, and problem-solving skills both in 

Fostering and adopting critical and creative 
teachers and students through the curriculum 
and school activities. This presents new thinking requires a new orientation of the 

challenges to teachers ad students alike, and mind as the pattern of creative and 

makes new demands on their teaching and thinking is not simple and neat. According 

leaming. to Perkins (1984, p. 60) it is "an interesting 
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mix of strategies, skills, and attitudinal 
factors". He suggests that creative thinking 
is guided by the following six general 
principles: 

1.  Creative thinking involves aesthetic as 
much as practical standards. 
Teachers will need topay attention to the 
aesthetic, and not only the practical, 
aspects of their curriculum subjects, be 
they mathematics, physics, or art. 

2. Creative thinking depends on attention 
to purpose as much as to results. 
Assignments for students will need to be 
broader in scope so as to allow them to 
generate, or select from. different 
purposes. 

3. Creative thinking depends on mobility 
more than fluency. 
School problems must not be nurrow or 
convergent so that students will be able 
to exercise their mental mobility. 

4. Creative thinking depends on working at 
the edge more than at the centre of one's 
competence. 
Students will need to be challenged 
enough so that they work to the limits of 
their competence in being creative. 

5 .  Creative thinking depends as much on 
being objective as on being subjective. 
A balance between objectivity and 
subjectivity in creative practices will 
need to be maintained. 

6.  Creative thinking depends more on 
intrinsic, rather than extrinsic motivation. 
Schools will need to foster intrinsic 
motivation among students if the latter 
are to maintain their creative behoviour: 

Ambiguity and Risk Taking 

Teaching critical and creative thinking 
involves teaching students to use higher 
order thinking processes which require the 
manipulation of information rather than the 
reproduction of knowledge (Grant. 1988). 
Such higher order thinking tasks are by 
nature ambiguous due in part to the 
vagueness of evaluation criteria. These 
tasks also require large amounts of new 
learning and, therefore, cany a greater risk 
of failure. It is this ambiguity and risky 
nature that makes critical thinking tasks 
more difficult for teachers to manage in 
classrooms. 

There is increased pressure on the students 
too. While they are expected to be self- 
directing in carrying out critical and 
creative thinking tasks, they also have to 
meet the demands of the teacher's learning 
goals. Achieving a balance between the two 
sets of expectations may present difficulties 
for them. 

THE CLASSROOM ENVIRONMENT 

Classroom environments must be designed 
to support intellectual risk taking, and foster 
intrinsic motivation so that students will be 
creative and self-directing in their learning. 
Creating and managing such environments 
is central to the work of teachers. They have 
also to create the right attitudes in students 
towards learning. and to gain their interest 
and involvement. In short. teachers will need 
to view their management function as an 
enabling activity - establishing the 
conditions, and interacting with students in 
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ways that enhance their learning (Froyen, 
1993). 

Arends (1994) defines a productive learning 
environment as one where students have 
positive attitudes toward themselves and 
their classroom group and where they 
display a high degree of achievement 
motivation and involvement in academic 
tasks. Teachers are the key to establishing 
positive classroom environments. The 
classroom atmosphere they create will 
determine their success in integrating the 
class, and their effectiveness in promoting 
the social and intellectual learning of the 
students. 

Teacher decisions and actions that help shape 
the classroom environment are influenced 
by their beliefs, disposition (Putnam & 
Burke, 1992), and teacher stance (Bauer & 
Sapona, 1991). As research has shown, 
certain dispositions and stance are seen to 
be essential if teachers are to be successful 
in creating productive learning environments 
in their classrooms. 

REVIEW OF RESEARCH 

Classroom environment and teacher 
dispositions 

Putnam and Burke (1992) suggest that in 
order to create a productive classroom 
environment, teachers will need to view the 
classroom group as a learning community 
of which they are members (and leaders). 
Developing a classroom learning 
community requires teachers to possess four 
dispositions: 

1. Instructional leadership, the key to 
which is motivating (instead of ordering 
and commanding) others to collaborate 
in shared activities; 

Instructional 

2. A developmental perspective, viewing 
everyone in the community as being 
somewhere on a continuum of personal 
development, and no one is a finished 
product; 

U 

Developmental 
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3. A cooperative disposition, teaching 
students the skills of cooperation, and 
having all members of the learning 
community internalize the cooperative 
norms in order for positive effects to 
occur; 

Cooperative 

4. A reflective orientation, which keeps 
teachers open to the multifaceted nature 
of human cognition, and enables them to 
see the disruptions of some forms of 
student behavior as problems to be 
understood and solved, rather than as 
traits to be crushed or trials to be endured. 

i Reflective 

Classroom Interactions And Teacher 

Stance 

One significant dimension of the classroom 

environment is classroom interactions. 

According to Bauer and Sapona (1992) 

productive interactions in the classroom are 

related to teacher stance, which encompasses 

the teacher's personal posture toward self 

and others, as well as theoretical orientation 

and instructional and management 

techniques. The authors contend that a 

teacher's stance may inhibit students' 

opportunity to participate, which, in turn is 

likely to have a significant impact on student 

learning. 

An example of the impact of teacher stance 

on classroom interactions given by the 

authors is the reply and assess behaviours 

of teachers described by Barnes (1982). 

Teachers who reply would make comments 

like, "That's one strategy" or "Could you 

elaborate on that? " The implication is that 

the teachers take the students' perceptions 

about the subject matter seriously though 

they may extend and modify it. The student 

and teacher are therefore in a collaborative 

relationship, which leads to increased 

student confidence in actively interacting 

with the subject matter. 
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Teachers who assess would make comments the inspiration and incentive for them to 

such as "Welldone" or "No, that S not what's learn. Students with a sense of belonging to 

in the book". In so doing, they distance 

themselves from students' perceptions and 

apply external standards which may devalue 

the students' construction of the task at hand. 

A second exampIe of the impact of teacher 

stance on classroom interactions is seen in 

the task-oriented and role-oriented 

teachers described by Froyen (1993): 

Task-oriented teachers may be inclined to 

operate according to two principles which 

appear to dominate classroom practices: the 

certainty principle and the measurement 

principle. The certair~ty principle asserts that 

there is a right and wrong answer for 

everything. Students who can consistently 

give the answers that teachers want are 

winners in school. The measurement 

principle asserts that the products of learning 

should be quantifiable. Thus, students who 

have accumulated the most points for giving 

right answers are good students and have an 

important role in school; 

Role-oriented teachers, on the other hand, 

believe that the positive relationship they 

have with their students will provide both 

the class are more likely to become 

responsible members of the group and 

cooperate in its activities. Relationships with 

people who care enable students to risk 

responding to a variety of challenges and to 

recover from setbacks. 

CONCLUSION 

As Singapore teachers gear up to meet the 

challenges of thinking classrooms and 

thinking schools, they will need to upgrade 

their pedagogic content knowledge and 

skills, and acquire a mindset of continual 

learning. They need also to have a new 

orientation towards the teacher's 

management role. The goal of classroom 

management will have to be the creation of 

a classroom environment which is conducive 

to their students developing creative 

thinking and probIem-solving skills. They 

will need to view their classroom group as 

a leaming community of which they are both 

leaders and members. In addition to 

providing instructional leadership, they will 

need to possess teacher dispositions such as 

a developmental perspective, a cooperative 

disposition, and a reflective orientation 
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IMPLICATIONS 

As shown below, teachers who provide instructional leadership, and have a 
developmental perspective, a cooperative disposition, and reflective orientation 
are more likely to be successful in creating classroom environments that support 
and foster students' critical, creative and problem-solving skills (adapted from 
Putnam & Burke, 1992). 

1. A teacher who views himselfas the instructional kader as well as member 
of a learning community (ie. the class he teaches) is likely to acquire a 
mindset of motivating those whom he is leading, and collaborating with 
them in learning. 
Thus, he will be using more of the reply behaviours in classroom interactions 
to show his students that he welcomes and values their views and 
suggestions. In so doing, he invites the risk taking that underlies all learning, 
particularly that of learning to think critically, creatively, and innovatively. 

2. A teacher with a developmental perspective will see himselfas well as his 
students to be learners who are still developing and growing. 
His students are seen by him to be at a particular developmental stage at 
a given time, and he will assume that incremental progress and change can 
occur. He adopts a problem-solving approach to the difficulties he 
encounters in the teaching-learning process. By implication, teachers with 
a developmental perspective will be learners themselves, and are likely to 
be more encouraging and supportive of their students' efforts in learning. 
This will help create in the latter positive attitudes towards learning, and 
give them greater confidence in coping with the higher order thinking tasks. 

3. A teacher with a cooperative disposition will value relationship-building. 
In his class, both between him and the students. and among the students. 
He will teach the skills and values of cooperation, and organize instruction 
with an emphasis on collaboration and cooperative learning. While he 
recognizes the value of competition, he does not see it as the prime motivator 
for all successes. He will be role-oriented instead of task-oriented in 
classroom interactions thus encouraging student participation, and positive 
student responses to challenges such as those presented in higher order 
thinking tasks. 
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4. Teachers with a reflective orientation are Iikely to have a rnindset of 
continual learning. 
They will be inlrospective, reflecting on what they do, and self-evaluative. 
Reflective teachers welcome feedback from students and colleagues on their 
professional performance, and are critically self-aware. Such a disposition 
of the teacher will not fail to have an impact on his students, and inculcate 
in them a similar mindset of continual learning and reflection. Students 
will also learn to he self-regulating and self-directing in their learning. 

SOURCES 

Arends, R.I. (1994). Learning to Teach. NY. 
McGraw-Hill, Inc. 

Barnes, D. (1982). From Communication to 
Curriculum. Middlesex, England: Penguin. 

Bauer, A.M., Sapdna, R.H. (1991). 
Managing Classrooms to Facilitate 
Learning. NJ: Prentice Hall. 

Froyen, L.A. (1993). Classroom 
Management: The Reflective Teacher- 
leader. NY MacMillan Publishing Co. 

Glasser, W. (1969). Schools Without Failure. 
NY: Harper & Row. 

Grant. G.E. (1988). Teaching Critical 
Thinking. NY Praeger. 

O'Connor, T. (1988). Language and the 
structure of education. Psychological Review 
50, 370-396. 

Perkins, D.N. (1984). Creativity by design. 
Educational Leadership, 42. 1, 18-24. 

Puro, P., & Bloom, D. (1987). Understanding 
classroom communication. Theoq  into 
Practice 26, 26-3 1. 

Pumam, 1. &Burke, J.B. (1992). Organizing 
and Managing Classroom Learning 
Communities. NY McGraw-Hill. Inc. 

Richmond, V.P. (1990). Communication in 
the classroom: Power and motivation. 
Communication Education 39, 181-195. 

12 REACT. DECEMBER 1997 



INCREASING PLTPIL PARTICIPATION THROUGH 
THE CREATIVE USE OF ENGLISH LANGUAGE 

COURSE BOOKS 

Review by Sue Nair 

INTRODUCTION 

In many English language classrooms, a 
course book provides the framework and 
much of the content of the operational 
cuniculum (Ariew, 198': Ben-Peretz, 1990). 
Where a course book is accompanied by a 
teacher's guide. even the teacher's style of 
delivery may be influenced by this choice 
of teaching materials.There are many good 
reasons for this widespread use of course 
books. Amongst other things, they can 
provide: 

. a core grammatical and functional 
framework for a course 

the opportunity for learners to revise and 
prepare for lessons 

convenient, bound, good quality 
presentation of materials 

a comfoning level of predictability 

a. a means of implementing change 

a basis for creative improvisation and 
adaptation 

This article will discuss the last feature, the 
use of course books as a basis for creative 
improvisation and adaptation. The purpose 
of such itnprovisation and adaptation is to 
encourage greater learner participation in the 
course. To successfully achieve this, 
"teachers (rnust have) the knowledge and 
skills needed to evaluate and adapt textbooks 
and to prepare them to use textbooks as 
sources for creative adaptation" (Richards, 
1993. p. 52). 

REVIEW OF RESEARCH 

As a number of commentators have pointed 
out (Allwright. 1981; O'Neill, 1982; Prabhu, 
1989; Lee. 1995), the impact course books 
make in the classroom is mediated through 
the teacher's and learner's exploitation of 
those materials, and the interactive nature of 
classroom events. In the past in Singapore. 
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the use of course books appears to have been 
characterised by dependence rather than 
exploitation. In 1979, these comments were 
made on teachers' use of course materials: 
'The teachers, we understand, rely heavily 
on the textbooks, to which they gear what 
they say and which they ask the children to 
memorise. The parents, likewise, we are told, 
need the reassurance of seeing textbooks in 
the home. Methods which evade the use of 
textbooks can be, and have in the past been 
deeply disturbing to parents" (Morris and 
Thompson, 1979). As the phrasing indicates, 
the statements are based on anecdotal 
evidence, which was gathered over a twelve 
day visit. There has been no recent published 
research tocast light on the current situation 
in Singapore. 

Ban and Dreeben's and Durkin's work in 
America, as reported in Stodolsky (1989) 
suggests that textbooks have a powerful 
influence on the teaching of reading at the 
primary level, dictating content, sequence 
and the pace at which new vocabulary items 
are introduced. Very little of the course 
material was omitted. However, teacher's 
guides were not consistently followed. In 
particular, suggested pre-reading activities 
tended to be ignored. Comprehension 
questions and skill exercises, for example 
those concentrating on phonics and 
vocabulary, were used regularly. 
Supplementary materials were used rarely. 

These changes are likely to have been made 
for the teachers' rather than the learners' 
convenience. Teachers' choice of course 
materials, too, is likely to be made for 
reasons of personal survival. Low (1987) 
suggests teacher evaluators of language 
teaching materials may give a high priority 
to factors like how much preparation is 
needed to use the materials in the classroom 
and whether the learners will be occupied 
for most of the lesson. 

Evaluators of course materials need to 
understand the relationship between 
approach, design and procedure (Richards 
and Rodgers, 1987). That is, they will need 
an awareness of: 

the theoretical views of language which 
explicitly or implicitly underpin the 
materials; 

how those views have affected the design 
for language teaching, for example the 
rationale for the selection and sequencing 
of content, the roles of learners and 
teachers, and the types of 
instructional materials; 

the impact of these decisions on the ways 
in which it is recommended techniques, 
practices and activities be carried out in 
the classmom. 

Creative adaptation of course materials, then, 
requires an informed and insightful 
evaluation of materials in use. Such an 
evaluation will be characterised by a 
knowledge of the cognitive and linguistic 
needs and interests of the target audience 
(Breen and Candlin, 1987; Ellis, 1997). 

CONCLUSION 

The creative use of English language course 
books demands that teachers recognise them 
as useful resources, but not as worthy of 
"reification" (Richards, 1993). The teacher, 
not the materials writer, is best placed to 
respond to the learners' needs. Since the aim 
of adaptation is to encourage greater learner 
participation, teachers need to consult 
learners about their interests and involve 
them in making adaptations (Clarke, 1989). 
Essential to the successful improvisation and 
adaptation of course books is an 
understanding of the underlying philosophy 
of the book in use. Teachers have to be 

-- 

REACT a DECEMBER 1997 



skilled evaluators of course books (Ball and may entertain rather than inform the leamers. 
Feiman-Nemser, 1986) so thatchanges made Creative improvisation and adaptation will 
to the materials result in a systematic provide learners with the skills and 
development of the leamers' linguistic and opportunities to entertain each other within 
cognitive abilities. Uninformed changes a coherent framework of language 
could result in a ragbag of activities which development. 

IMPLICATIONS 

There are a number of ways in which teachers can imaginatively and intelligently 
exploit course materials so as to increase learner involvement. Implemented 
creatively, the following suggestions will provide learners with increased 
opportunities for interaction, enjoyment and success. Learners will use the 
knowledge they have gained to inform and entertain themselves and their fellow 
learners (Swan, 1991). 

1. The order in which the units of work are presented in the text could be 
changed. 
Such decisions may be made to reinforce teaching across cumculum areas. 
For example, the language skills needed to describe a process could be 
taught in the English lesson to support work in, for example, home 
economics. However, if the course book has been identified because it 
progressively develops leaners' language skills, it is unlikely that teachers 
will rearrange the order in which those skills are presented. Shvctural 
changes, then, will be confined to the order of activities within a unit. 
These may be reorganised to achieve greater internal coherence (Low. 1989) 
andlor to maintain learners' interest if they have become bored with a 
predictable sequence of activities. 

Materials could be omitted. 
Ariew (1 982, p. 15) points out that to satisfy "the greatest number of people, 
publishers often insist that the text contain everything". Thus, some 
grammatical items may be redundant in some classes. Fry and Mercer (1979) 
suggest that activities which test rather than teach could be identified and 
omitted. Where the course materials are clearly excessive, decisions 
regarding what to leave out need to be made well in advance to avoid the 
situation in which the last units, perhaps practising valuable skills, are 
omitted by default. 



3. Teachers and learners need to negotiate decisions about the standard of 
achievement they expect, and the class time they are prepared to give to 
reaching if. 
Such decisions will affect their interaction with the course hook. The time 
allocated and emphasis given to skills taught will vary from class to class 
and learner to learner. For example, the balance between activities designed 
to develop accuracy and fluency in speech will be affected by the quality 
of the learners' English speaking environment, their desire to speak standard 
Singaporean English. and the teacher's perception of their need to do so. 

4. Adjustments and additions can be made to suggestions in the teachers' 
guide. 
Coleman (1985) found that many teachers' guides do not satisfy teachers' 
needs, and recommends that teachers supplement them in the following 
ways: 

examine the stages in a given task, and introduce new ones where 
appropriate. For example, more pre-listening activities could he included 
to prepare for a particularly challenging task; 

changes may need to be made to the suggested interaction patterns, or 
to the way 'in which group activities are camed out. Jacobs and Ball 
(1996) found that the shucture of group activities in a number of ELT 
course books did not sufficiently encourage positive group 
interdependence or individual accountability; 

oral questions intended to promote discussion andlor questions intended 
to develop reading and listening comprehension may need to be adjusted 
to suit different teaching and learning situations. Richards (1993) 
recommends using a taxonomy of levels of reading comprehension to 
develop exercise types for each level to accompany different kinds of 
texts. 

5. Supplementary material could be incorporated into the course book. 
This may be necessary if certain skills are neglected. It may be, too. that 
a wider range of resources than the course book provides is necessary to 
help learners with different learning styles. For example, visual learners 
will benefit from the inclusion of more drawings, diagrams and films (Davis 
et al, 1994). 

6. It is essential to monitor teachers 'and learners'responses to any changes 
made to the course book and the supporting materials. 
Questionnaires, interviews, self-report forms and journal writing activities 
can all be used to ascertain whether learners are indeed participating more 
in the learning process. 

-- 
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FOSTERING MUSICAL CREATIVITY 
IN CHILDREN 

Review by Sylvia Nguik-Yin Chong 

INTRODUCTION Philosophical Speculation 

To a large extent, everything a child does 
musically derives from his or her creative 
exploration and imagination. There are two 
different bases in the study of children's 
musical creativity - philosophical or 
psychological speculation and practical 
application. This article will report on 
philosophicaVpsychological and practical 
research in the UK and USA which 
investigates musical creativity in children. 
The different stages of creative musical 
development in children will also be 
discussed and ways in which teachers can 
help foster musical creativity in schools. 

One of the most important philosophical 
writings on creativity as it relates to music 
education comes from Bennett Reimer 
(1989). Reimer stresses the distinction 
between knowing music and being 
knowledgeable about music. Knowing 
music is evidenced by active engagement 
in creative activity: composing, performing 
andlor improvising, analysing through deep 
and active listening. Being knowledgeable 
about music is demonstrated by talking or 
writing about tht: art. Reimer believes that 
knowing music is the ultimate aim of music 
teaching and learning and that leads straight 
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to the heart of musical creativity. He 
suggests four ways to foster children's 
musical creativity. 

I) use the most expressive music possible 
in learning situations 

2) engage students in the creative act itself, 
including composition, performance and 
listening 

3) stress the elements of music and their 
interrelationship 

4) focus on musical behaviours that 
heighten the perception of the artistic 
qualities of the sound rather than extra- 
musical objects or techniques. 

Psychological Speculation 

From a psychological viewpoint, Reimer 
emphasises the importance of a stream of 
musical consciousness'and the need for 
spontaneous musical production at all 
levels of education. Drawing an analogy 
with language, he argues for a two-channel 
approach to the creative process. The 
individual who makes a musical statement 
must first initiate it, develop it with certain 
aims in mind and conclude it. Two channels 
must be employed, so that the creator can 
develop ideas and maintain a sense of 
location and direction, while at the same 
time take the ideas produced and execute 
them either on a chosen instrument or in 
writing. As these (musical) statements are 
presented in sequence, higher-level 
concepts are developed. The emphasis here 
is on the ability to think while playing, to 
retain and/or develop ideas as they emerge 
from the stream of consciousness. 

Reimer expands his view to include 
improvisation as a powerful tool to unlock 
the musical imagination and for developing 
musical creativity in children. He maintains 

that from a very young age children can 
engage in improvisation without the need 
of extensive technical training. Each 
musical idea suggests its own potential for 
variation and development. which is 
realised through the course of work, 
depending on the skill and sensitivity of the 
improviser. 

REVIEW OF RESEARCH 

Margaret Galloway (1982) 

Perhaps some of the most interesting work 
in this area has come from studies that have 
looked at the product and processes of 
creative expression in music (largely in 
children) and have attempted to analyse the 
musical characteristics. An important 
example from the practical literature comes 
from a Canadian music educator, Margaret 
Galloway (Galloway, 1982). In her study, 
eleven year old children were engaged in 
the composition and performance of a short 
opera based on the story Peter Pan. 
Galloway writes that the children came to 
her classes knowing that they would be 
involved in one of four activities: 

1. composing music and writing it down: 
2. improvising music alone or in a group; 
3. reading music to play or sing; 
4. learning about music; 

The creation and performance of a 
complete opera over a period of time 
became a natural outcome of the week to 
week activities of the class. One important 
aspect of Galloway's account of her 
technique involves record keeping. Each 
child was responsible for maintaining an up 
to date file card with the following three 
headings: 

wliat I know about theory; 
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. music l can play: . my musical activities this year; 

This, together with a portfolio of composed 
pieces and tapes of improvised works 
helped her and the children better 
understand the development of their 
musical creation. 

Swanwick and Tillman (1989) 

An interesting exploratory research study, 
conducted by Swanwick and Tillman 
(1989) involved British children between 
the ages of three and nine in either 
compositional, or improvisational tasks 
with informal instruments. The authors 
recorded the results and studied the musical 
characteristics. The primary aim was to 
provide a sense of how the mind represents 
sound at various stages in development and 

They found that up to the age of five or six, 
children's music creative growth is  
somewhat idiosyncratic, with no 
predictable pattern. It is unclear from the 
data if this is because of motor co- 
ordination problems in the production of 
sounds or if it is a true representation of 
inner hearing. After this age, both rhythmic 
and melodic structures seem to be more 
predictable. Again, after five, the melodic 
and tonal characteristics become more 
pronounced. There is a gradual feeling for 
cadence structures evidenced in the music 
between six and nine, with a growing 
awareness of tonal centre within melodies. 
It seems clear that as children imitate the 
songs in their environment, their own music 
is influenced accordingly. What is  
especially interesting about Swanwick and 
Tillman's research report, however, is the 
inclusion of a speculative theory of musical 
develooment for creative thinkine. based in -, 

how the music educator might benefit from part on their research and other work (re: 
this knowledge. figure 1). 

Figure 1 : Musical Development for Creative Thinking. Adapted from Swanwick & Tilman, 
"Towards a model of development of children's musical creativity." Canadian Music Educaror; 
30 ( 2 )  p. 170 
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The four loops of the spiral represent 

increasing age levels of the child. The,first 

level (mastery) represents the level of 

exploring and discovery while the top level 

(ineta-cognition) represents the level most 

closely tied to adult creativity. 

The authors speculate about the musical 

distinctions between each level, basing this 

on their study of improvisation and 

compositions of 48 children. Though their 

theory has yet to be tested extensively, the 

findings help provide models of the growth 

of musical creativity during pre-school as 

well as the elementary years. 

One very interesting aspect of the model is 

the inner movement within each loop. This 

inner movement (left to right) is described 

as a tendency in each stage to shift from 

the personal, individualised, egocentric and 

experimental to more schematised, social. 

conventional. derivative and less original. 

In other words, the authors find that as 

children develop in their musical 

understanding and awareness, there is a 

pendulum-like movement that swings 

between qualities of invention and 

convention. Children's thinking swings in 

a similar way to a pendulum. between 

convergent and divergent thinking with 

creativity closely related to the latter. 

Many of the questions teachers pose tap 

convergent thinking, which result in single, 

correct answers. When asked to name 

things such as signs, symbols. composers 

or pieces of music. for example, children 

are thinking convergently. 

At the heart of creative thinking is divergent 

thinking. Open-ended questions, like "how 

many different sounds can a violin make" 

or "how many ways can you interpret this 

set of rhythms?" will stimulate a variety of 

answers, and require students to look at a 

content area from a variety of viewpoints 

and to participate in imaginative ways to 

answer the question. 

Qualities of divergent thinking in music 
include: 

musical extensiveness (how many ideas 

are generated); 

flexibility (the ease of shifting within 

parameters such as highllow or loud/ 

soft); 

originality (how unique the musical 

ideas are). 

CONCLUSION 

This development of musical creativity, 

both conceptual and practical, is generally 

accepted to be the result of the interaction 

of environment, with musical thought and 

individual intellectual and personality traits. 

Fostering young children's creativity 

throughout all phases of their musical lives 

depends to a large extent on the positive 

attitude of the teacher, who needs to be 

willing to share music with them, as a vital 

and important part of life. 
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IMPLICATIONS 

1. Activities in the music classroom must include measures of both 
divergent and convergent thinking. 
To create, a child needs a basic vocabulary of musical experiences and 
skills, just as he needs a vocabulary of words and events to express ideas 
and feelings in language. Children can gradually grow in their ability to 
develop and expand their musical ideas. 
For example with a song about falling leaves, a child can create arm, 
head and body movements to express the meariing of the songs about 
falling leaves; and at the same time the child is aware of the meter and 
tempo of the song to guide the creative movement. The child thinks and 
develops a repertoire of responsive movements and inner control (through 
awareness of the rempo and meter) to enact these movements. 

2. Musical creativity should be fostered in stages through developmentally 
appropriate activities. 
Musical content of improvisation and compositions of children differ with 
age. Children undergo stages in mentaVcrea~ive development, progressing 
from unconscious growth and absorption to a period when the knowledge 
of unconsciousis brought to a conscious level. From the spiral model 
developed by Swanwick and Tillman's research report, developmentally 
appropriate activities towards encouraging musical creativity can be 
summarised as follows: 

I 
1 Age (years) Swanwick & Tillman's model Teacher Action 1 
0 - 4 Mastery of materials and range Provide age-appropriate 

of sounds through sensing and instruments to explore & 
manipulating. discover possibilities for 

manipulating sounds. 

5 - 9  Imitation of both personal and Encourage growth of ideas 
vernacular ideas occurs with and craftsmanship. Build 
greater expressive quality. musical concepts and 

awareness of many 
conventions 

10 - 15 Imaginative play but using Keep expanding the 
more references to popular repertoire of conventions 
music idioms. Concern for form for structuring music. 
and structure. Encourage self-expression. 

I 
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3. Use improvisation to develop musical creativity. 
Improvisation at the initial level allows children to explore and discover 
sounds. At a higher level, it involves metacognition. Opportunities to 
improvise should occur throughout children's development. It should be 
part of every music lesson, in movement, singing and instrumental 
activities, for example: 

"How can you move in your space?" 

"Tell me about this picture with a song. " 

"Choose an instrument to play with this poem/song." 
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ENHANCING CREATIVITY IN SCIENCE 
THROUGH INVESTIGATIVE TASKS 

Review by Amarjit Singh Dhillon, School of Science. 

INTRODUCTION 

Investigative tasks engage students in a 
more creative and meaningful pursuance in 
learning the processes of science. They 
provide opportunities for pupils to use 
conceptual knowledge and skills in 
experiential learning situations. This paper 
generally reviews the nature of 
investigative work and reports on recenl 
research studies investigating open versus 
closed investigative tasks in school science. 
The first study was conducted in the United 
Kingdom, and the second, a comparative 
study, in New Zealand and Singapore. The 
implications of the Eindings from these 
studies will then he discussed and 
suggestions made as to how local teachers 
can enhance the possible acquirement of 
process skills through investigative work. 

INVESTIGATIVE WORK 

In science, the tasks constituting 
investigative work differ a great deal, 
ranging from closed and highly structured 
experiments, termed practicals, to open and 
somewhat exploratory oriented 
investigations. Apart from complementing 
theoretical class instruction in science, the 
essential aims of investigative work are to 
teach the processes of science. These 
processes include skills such as planning, 
asking suitable questions, making 
measurements and observations, recording, 
predicting through the use of evidence, 

interpreting, analysing, providing 
explanations, drawing conclusions, and 
infemng relationships. These skills can be 
encompassed within the following 4 major 
categories (Dhillon, 1996a). 

1. Formulation includes identification of 
the problem, refinement of it for study 
through the writing of an appropriate 
hypothesis for study, prediction of the 
outcome of the hypothesis informed 
through related conceptual knowledge, 
and planning of the study. 

2.  Implementation entails the actual 
performance of the investigation and 
collection of data. This includes such 
skills as .observing, making 
measurements and recording. 

3 .  Evidence involves analysing and 
interpreting the data to infer 
relationships and drawing conclusions. 

4. Explanation entails providing the link 
between theory and the findings or 
evidence. It should help to clarify the 
findings in the wider scientific 
knowledge by building on what is 
known and that, which is found. 

A closed investigation involves a specific 
path (re: figure I )  for conducting an 
investigation. The steps of the investigation 
are specified and there is little, if any, 
leeway for the students to deviate or to use 
their initiative. It is a teacher-directed and 
structured investigation providing guidance 
to the students at all stages. The decision 

1 REACT DECEMBER I997 



on the question or problem to investigate 
is decided by the teacher. A closed 
investigation directs the student to easily 
definable variables requiring a set route to 
be followed and leading to a single correct 
outcome. 

Figure 1: A closed mk on mechanics. 

Springs and Hooke's Law 

1. Arrange the apparatus as shown in the 
diagram. Make sure you have put the 
ruler upside down and at the right 
height. 

2. The ruler sho~rld be fastened so that its 
'0' mark is at the bottom of the spring 
when there is no weight on the spring. 
Then it will measure the extension. 

3. Put weights on gently, starting with the 
hanger alone and then adding I .  2, 3, 
4, 5, 6 and 7 extra weights. 

4. For every extra weight, write down the 
position on the ruler. This is the 
extension ofthe spring. Put your results 
in a table. 

5. Draw a graph using axes as shown 
below. 

Figure 1 

26 

An open investigation involves many 
possible solutions with many routes (re: 
figure 2). It is apupil-led investigation with 
questions being asked by students, who are 
allowed to decide on an aspect of the 
question they want to investigate and to 
proceed as they wish. The amount of 
struclure and direction is minimal. As the 
degree of openness of a question increases, 
so too do the number of decisions that 
students are required to make. It provides 
the possibility of a variety of routes and a 
specific outcome is not sought. 

Figure 2 

Figure 2: A n  open task investigating the 
factors affecting the dissolving of sugar 
in water. 

Scenario: 
Sharon has a part time job after 
school in a super market. She 
restocks the shelves andpacks at the 
checkout. Yesterday she had to 
restock the sugar shelves. She was 
amazed at all the different types of 
sugar that was available. On the 
shelves she found white sugar, sugar 
cubes, soft brown sugar, coffee 
sugar, icing sugar, and castor sugar: 
At school Sharon's science class had 
been talking about dissolving. They 
had to do an investigation about it 
for homework. Sharon decided she 
would find out about dissolving 
sugar: 
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An open investigation is contrasted with a 
closed investigation hy the degree of 
variation that i t  is possible to generate 
within the problem. The wording of the 
question used to generate the investigation 
is responsible for the degree of freedom 
given to the students with respect to how 
they handle the prohlem (Lock, 1990). 

REVIEW OF RESEARCH 

The studies to be reported on were 
conducted by Foulds, Gott & Feasey (1992) 
and the comparative study in New Zealand 
and Singapore by Dhillon (1996h). 

The creativity component of the closed and 
open investigative work was measured 
through students exhibiting the skills of 
asking a suitable question, planning, 
handling variables, recording and reporting, 
and making conclusions from evidence. 
Both studies focused on the acquisition of 
these skills through investigative work. In 
addition the UK study also looked at 
measurement skills while the New Zealand 
and Singapore study looked at the ability 
to predict an outcome. For each of the skills 
addressed by hoth studies the findings are 
reported together. The findings from the 
UK study are reported in normal text while 
those from NZ and Singapore are 
mentioned in italics. 

In the UK study 2208 secondary students 
aged between 15 and 17 were involved. The 
schools performed different investigations 
ranging from closed to open tasks. Student 
reports, observations, questionnaire and 
interviews were used to assess attainment 
of the skills mentioned above. 

In the comparative New Zealand and 
Singapore study, 110 New Zealand and 90 
Singapore high school students aged 16 and 
17 were surveyed, in order to identify the 
skills acquired through closed and open 
investigative work. For the purpose of this 
study, the directed practicals performed in 
Singapore were termed closed 
investigations, while the exploratory 
investigations performed in New Zealand 
schools were termed open investigations. 
A post-test questionnaire was used to 
determine the following skills acquired by 
students through the type of investigations 
performed. 

Asking a suitable question 

The majority of students were able to 
identify the key variables in an 
investigation. In an open investigation 
requiring a larger number of possible 
variables, the performance of the students 
was adversely affected. 

Every student was able to srrggest at least 
one question for investigation. Students 
performing open investigations were able 
to suggest more qrrestions. The aim of the 
experiment is usually provided in a closed 
investigation. In open investigarions 
students are required to idenrib and suggest 
questions. 

Planning 

This had little influence on the ability to 
identify the correct variables. Planning 
seemed to be an unstructured activity, as 
many students did not realise what was 
required. Many of the essential steps in 
planning make demands on knowledge and 
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understanding, such as the reasons for a 
particular range of measurement chosen. 
Many students saw planning and carrying 
out investigations as two tasks. The ability 
to plan was not dependent on the closed or 
open nature of the investigation. 

Insuflcient detail was provided by most 
students regarding the method used (43.2% 
of the Singapore gmup and 44% of the NZ 
provided a method with some detail). This 
was attributed to the lack of attention 
students paid to fine details. 

Controlling variables 

The complexity of the investigation 
affected the ability of students in controlling 
variables. As the investigation became more 
complex, with more variables requiring 
control, student performance in this task 
dropped. 

The Singapore group peformed better than 
the NZ group in identifying variables for 
investigation. In the closed investigations 
students were usually given the variable 
being investigated and in the question the 
data was provided. In open investigations 
students were not given the variables to 
investigate but identified the variubles they 
wished to study. 88% of the NZ group and 
96.7% of the Singapore group were able to 
suggest at least 2 control variables. The 
concern here is that the students should 
have suggested at least 4 control variables. 

- Recording and reporting 

Of the 66% of students who recorded data 
using tables, 36% omitted information such 
as headings or units. Data involving two 
independent variables were presented in 

separate tables by 33%. Amajority of those 
who presented composite tables found the 
complexities of headings and other 
information difficult to organise. 40% of all 
students in both the closed and open 
investigations who graphically displayed 
their data generally performed the task well. 

Both groups presented the &ta in tabular 
form. The Singapore group was less prone 
to using graphs with only 20% doing so. 
They did not distinguish between recording 
and presenting. In closed investigations 
students are usually requested to draw 
graphs and in rhe questionnaire this was 
not explicitly stated. In comparison, 64% 
of the NZgroup represented information in 
graphical terms. 

Conclusion and evidence 

The analysis and evaluation of data were 
severely neglected by most students 
irrespective of the type of investigation 
performed. The conclusions and inferences 
made little use of the data gathered. A 
majority totally failed to realise the 
significance of the data. They produced 
conclusions not in keeping with it. In 
certain cases the conclusions were even at 
odds with the data. 

24% of the NZ group and 28.9% of the 
Singapore group provided a viable but 
incomplete e.rp1anation for the suggested 
conclusion. Students in both groups were 
able to obtain information and provide 
explanations from graphically represented 
information. They were unable to use 
graphical information and relate practical 
considerations and constraints to arrive at 
an answer: Most merely used the graphical 
information omitting rhe practical 
constraints. 
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. Measurement CONCLUSION 

~t is important to obtain quantitative data 
upon which to base subsequent 
interpretation. The majority of students 
quantified the key variables with 66%. 73% 
and 87% of year 7, year 8 and year 9 doing 
so respectively. A significant number of 
pupils in all years still judged changes in 
qualitative terms. A majority failed to 
consider the reliability, validity and 
accuracy of their measurements. 

Prediction 

All groups, including those surveyed in the 
UK, performed well in predicting outcomes. 
This could be because they did not have to 
predict the correct orttcorne. This shows 
that both closed and open investigations 
might aid the students in acquiring this 
skill. 

The findings in this paper have implications 
for teachers and students who respectively 
use and perform closed or open 
investigative work in science education. 
The findings from both studies show that 
closed as well as open investigative work 
has its benefits as well as weak points. 

The implication of this is that students 
should be exposed to both types of 
investigative work. Assigning the proper 
task can enhance the benefits of each type 
of investigative work. Greater attention and 
guidance needs to be provided in 
attempting to rectify the weaknesses 
identified. Open investigative work clearly 
provides the means by which independence 
of thought and action may be developed 
since the amount of direction and structure 
provided to the students can be minimal. 

I IMPLICATIONS 

I .  Assign tasks to address gaps in pupil's conceptual and procedural 
knowledge 

Closed tasks: students are good at some parts of investigations and 
weak at others. The weaknesses may be identified as gaps in conceptual 
and procedural knowledge. The  teacher needs to assign appropriate 
tasks to address the gaps. The closed investigations can b e  used to 
provide pupils with specific learning contexts. (Re: figure 1 o n  
mechanics and figure 3 on heat) 

Figure 3: A closed task in a specific learning context. 

Specific latent heat of fusion of a solid 
I .  Set up the apparatus as shown in the diagram. 

2. Heat thegiven solid in a boiling tube over a water-bath until it has completely 
melted. 

3. Remove the water-bath. Allotv the molten solid to cool down, noting its 
temperature until it is constant. 
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4. Use the table below to tabulate your results. 

5. Plot a graph of temperature versus time. 

6. Find the gradient (gi of the graph where solidification starts and the time 
(t) for which the temperature is a constant. 

7. Use L = Stg to calculate the latent heatL, where S is thespecific heat capacity 
of the solid. 

Boiling tube 

Figure 3 

Open tasks: pupils need opportunities to put their investigative skills 
to use in creative situations. It should be noted that investigations 
requiring a high level of conceptual knowledge should only be 
attempted after students have gained familiarity and are comfortable 
with the concepts (re: figure 4). This will ensure that time is spent on 
grappling with process skills instead of trying to make sense of the 
concepts involved. 

Figure 4: Open investigations requiring increasing conceptual demands. 

1. Find out how the distance travelled bv a toy car depends on the amount the 
elastic is wound rip. 

2. Find out how the distance travelled bv a model car depends on 
its weight, and rhe force used to move it. 

3. Determine if the speed of the car depends on the energy stored in the band. 

4. Find out how the eficiency of the motor depends on 
(a )  the load being lighter; and 
( b )  rhe speed at which it is operated. 

(Adapted from Foulds et al., 1992) 

-i - 

Figure 4 
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2. Provide planning sheets and structure for students 
In closed investigative work (re: figures 1 and 3) students are usually 
provided with details in a structured form. These act as a model for 
planning. In open investigative work merely providing students with the 
task statements is usually not sufficient unless they are experienced in 
performing such tasks (re: figure 4). Students initially embarking on open 
investigative tasks could be given planning sheets to provide focus (re: 
figure 5). As they gain experience in investigative work then the direction 
can be reduced to enable more initiative and input from the students. 
Similarly, as students gain experience and acquire skills, the investigations 
to which they are exposed could be gradually changed from closed to 
open by incrementally reducing the amount of structure and detail. 

Figure 5: An example of an open investigation planning sheet. 

Things to think of when planning and performing your investigation 

I The Prob'em 
Background 

What is the problem or task that you have chosen or 
have been set? 

What previous knowledge do you have which might 
be useful? 

I 

I I I 
FOR DATA COLLECTION 

Things I Will Will Keep The Same 

Predictions 

Linking 
Prediction With 
Theory 

What do you think might happen in your investigation? 

From what you already know why do you think your 
prediction will happen? 

I 1 

METHOD 

What I Will 
Measure 

for what you are going to do 

I 

What I Will Measnrr It With 

I 
Have your plan checked by your teacher 

C u r n  our the investignfion and write a report including an aim, prrdfrrions, resulrs. and 
disrussion of findings and conclusion. 
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3. Intervene to provide guidance 
Planned intervention is essential at all points throughout the investigation, 
especially during the initial planning stages. Student attention needs to 
be focused on the various aspects of import. They should be provided 
with practise in the skills of : raising a question, hypothesising, deciding 
which variables to change, control a d  merrsure, recording andpresenting 
appropriately, interpreting and analysing, evaluating the evidence, and 
explaining the inference or conclusion. 
Teacher intervention should be performed at each stage to ensure that the 
student is performing the investigation at the appropriate level. The teacher 
could intervene by asking questions and suggesting ideas to students to 
provoke critical evaluation on procedures and outcomes during 
investigations. For example: 

to give information; 

pull together and advance pupils ideas; 

focus the students on the task; 

help relate conceptual knowledge to the task; 

help develop procedural understanding through correction, 
demonstration and discussion. 

4. Modify investigations from a closed to open format 
When students show they are capable, then open investigations will 
provide greater practice of the skills involved in the processes of science. 
Traditional experiments can easily be modified to provide open, 
unstructured and undirected tasks by reducing the amount of instructions 
provided. Alternatively the students could be given general scenarios 
which delete specific information to make the scenario open-ended. For 
example, the closed experiment supplied in figure 1 could be modified, 
taking the instructions away and merely providing a general statement 
such as: investigate the factors uffecting the extension of the spring. 

Reducing the amount of information and structure provided in the closed 
task could also be done. For example, the teacher might choose to start 
with the detail provided in figure 1 and for future investigations gradually 
remove the graph axes, the table, the weight values and the number of 
readings that should be taken and so on. 
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CREATIVE TEACHING IN DESIGN 
AND TECHNOLOGY 

Review by Peter Stensel 

INTRODUCTION 

Creativity, innovation, problem-solving and 
hands-on experiences lie at the heart of 
Design and Technology, which is  a 
relatively new subject in the secondary 
school cuniculum in Singapore. In 1988 
Design and Technology replaced the 
traditional subjects of woodwork and 
metalwork (which were seen as overtly 
prescribed and craft-based) with the aim of 
promoting creative design and problem- 
solving activities in school. In order to 
provide relevant experiences for pupils, it 
was regarded as e'ssential that such 
activities also reflected the technological 
developments of the modern world 
(Linehan-Hill, 1994). With the Ministry of 
Education's recent requirement in 
Singapore that 30% of curriculum time 
should involve information technology by 
the year 2002, further developments in 
Design and Technology project work may 
well be necessary. One such development, 
identified by Cave (1995) involves the use 
of computers for controlling machinery, 
which provides tremendous scope for 
creative and dynamic projects in Design 
and Technology. 

This article reviews the nature of problem- 
solving activities in Design and 
Technology, and describes an ongoing 
research project in a local secondary school, 
which is currently employing computer 
control to enhance its design activities. 

DESIGN ACTIVITIES IN 
SECONDARY SCHOOLS 

Design and Technology requires pupils to 
design and make a product using tools, 
materials and manufacturing processes 
which reflect the modern world. Project 
work is based around a problem known as 
a design b r i e f ,  and the process of 
developing a solution to the problem, the 
design process. At lower secondary level 
Design and Technology is compulsory. At 
this level, all pupils work at the same 
problem (either individually or in groups) 
within certain constraints, to develop an 
outcome. The acronym PRIME (outlined 
in CDIS, 1993) is used to represent the 
design process and stands for 

Problem 
Research 
Ideas 
Making 
Evaluation 

At upper secondary level, Design and 
Technology is optional. The design process 
is delineated in a more complex seven stage 
process (outlined in Lyons and Seow, 1996) 
which involves 

identifying the problem 
generating a design brief and 
specifications 
exploring ideas 
developing ideas 
production planning 
realisation (making the product) 
testing and evaluation 

~~~~~~ -- 
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wood, metal and plastics are still typically 
used as the construction materials for the 
products but the emphasis is now on the 
design process rather than the workmanship 
of the final product, and also on the use of 
such technologies as mechanisms, 
.~tructures and electronics. For example, 
simple electric components such as motors, 
light bulbs or buzzers can be built into 
designs, allowing pupils to produce exciting 
dynamic products which involve 
movement, sound and light. Such designs 
move away from the static outcomes of the 
past, for example, small pieces of furniture. 
pencil holders or key tags, to more 
ambitious and innovative items, like 
security systems, guided vehicles and 
simple robots. Such projects were rarely 
undertaken in the past due to the problems 
associated with controlling the components, 
but computers can now facilitate the pupils' 
task. 

INTEGRATING COMPUTERS INTO 
DESIGN AND TECHNOLOGY 

Industrially, computers are used to control 
a wide range of products from robots and 
manufacturing equipment to stage lights 
and vending machines. These applications 
can be replicated in school on a less 
sophisticated scale using inexpensive 
components such as switches, light bulbs 
and motors. The components can he 
plugged into an interface box which, in 
turn, is plugged into and controlled by a 
computer. 

The computer is programmed so that it 
knows which motor to switch on, for 
example, when a particular switch is 
pressed or a sensor activated. Such 
programming can involve pupils in 
complex problem-solving tasks. A 
common problem set for pupils is to design 
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a program to simulate the traffic light 
sequence of a pedestrian crossing. This can 
be extended to include the pedestrian 
'figure' and the operating switch to control 
the figure's appearance when it's safe to 
cross. 

Activities involving computer control are 
usually represented in terms of a system 
with an input stage, aprocessing stage and 
an output stage. In the pedestrian crossing 
example, the input stage would include a 
press switch to activate the system and the 
output stage would include three or more 
light bulbs and a buzzer to represent the 
traffic lights. A computer program 
determines the sequence of events and 
provides the processing stage. 

RESEARCH IN COMPUTER 
CONTROL ACTIVITIES IN 
SCHOOLS 

From his extensive studies of the use of 
computer control for educational outcomes 
in schools in the U.K., Bostock (1994) drew 
up a list of skills which result from using 
computers in this way. These include the 
following: 

Conceptual Skills 

the ability to analyse a problem, 
breaking it into stages that represent 
separate tasks; 

the ability to design sequences and 
control smctures that make up a control 
program; 

the ability to think and make decisions 
at a systems level of operation, i.e. 
input, process and output; 

Practical Skills 

the ability to link together the separate 
parts of the system through a computer 
program; 

the ability to operate the control 
program effectively using the mouse 
and keyboard; 

the ability to adapt and develop all parts 
of the system so as to optimise its 
function; 

Understanding 

an understanding of how software 
algorithms control the function of 
modem systems in our society; 

an understanding of how algorithms are 
built from software subsystems. 

Choosing the appropriate software for 1 
computer control I 
The software chosen for programming the 
computer can be the key to success in 
control activities. Many software programs 
are available but, unless the software is easy 
to use, progression in this area is likely to 
he limited. From his research, Bostock 
(1994) suggests the following design 
criteria for a good programming medium: 

it should promote designing rather than 
coding; i 

i t  shouldmake use of skills that students i 

already have from using drawing 
programs and spreadsheets; 

it should avoid the need to translate I 
ideas to a lower level so that a computer 
can carry out the operations; 

I 

it should use a medium that can 
communicate the algorithm as a form 
that is readily understood by others. 

REACT DECEMBER 1997 1 



These criteria are satisfied in flowchart 
programming media such as Logicator or 
Flow01 software in which pupils plot out 
programs rather like a drawing. The lower 
level functions are taken care of by the 
program. Such software avoids the need 
for pupils to learn a computer language and 
therefore allows faster progress in each 
activity. 

Is switch 1 
closed? 

Sound buzzer 
Switch on 

A simple program for controlling 2 irghts. 

A LOCAI, STUDY USING 
COMPUTER CONTROL 

Hong Kah Secondary School, in Singapore, 
began using computers for control activities 
in 1995, with the aim of developing a 
relevant, forward looking curriculum for 
pupils which keeps them in touch with the 
latest technological advancements. With 
strong support from the school Principal, 
and an investment of S$70,000, part of one 
technology room was converted into a 
computer laboratory equipped with 15 sets 
of computers and 19 sets of system control 
kits. The approach taken by the Head of 
Department was to provide a progression 
of activities year by year which would 
enable pupils to use the medium in an 
informed way for their mainstream design 

projects. Three distinct stages of 
progression have emerged and are outlined 
below. 

Stage One 

The starting point for a Secondary One 
class involved the use of construction kit 
models such as the FischerTechnik3 storey 
lift. This kit includes one motor (for 
moving the lift up and down), three light 
bulbs and six microswitches. The 
following problems were posed to pupils: 

How can the liji be moved up or down 
to a given level? 

How can the lift be stopped at the 
correct position? 

What happens when more than one 'liji 
call' button is pressed? 

Where is the best 'home'position for the 
lift?, etc. 

Even at this elementary level there is more 
than one solution to the problems with no 
right or wrong answer. A further activity, 
suggested by Economatics (1995), entails 
pupils designing a lift system for an 
antiques warehouse in which access to the 
first and second floors is unrestricted but 
access to the top floor requires users to 
input acode number after they have pressed 
the call button. 

Stage Two 

Secondary Two pupils were set open-ended 
tasks such as to design and make apmduct 
which interacts with the environment. 
Again use is made of construction kits 
which are quick to assemble and which 
enable pupils to explore different 
mechanisms including gears and levers. 
Pupils investigate various sensors which 
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can be built into the product to provide 
feedback from the environment. An 
example outcome would be a structure 
which moves in different directions 
according to varying light levels. Such 
activities allow for creative expression in 
terns of the appearance of the product, the 
movement which it produces and the 
flowchm which controls it. 

Stage Three 

Having attained competence in 
understanding the technology, pupils are 
then able to use it, where appropriate, in 
their mainstream design work. Bostock 
(1994) suggests a range of suitable project 
themes from fairgrounds to an advertising 
display. The latter might involve a rotating 
surface, flashing lights and sound. The 
display can even be programmed to respond 
in different ways when people approach the 

display to attract attention to the product. 
The important point here is that pupils are 
able to use control technology as a tool in 
realising solutions to design problems 
which, without the experience gained in 
stages one and two, would otherwise have 
been impossible. 

Evaluation 

Feedback from the teachers has been very 
positive to date, with pupils eager to use 
the technology. There has been an impetus 
to use more creative open-ended design 
briefs, and at the upper secondary level 
pupils are now using the technology in their 
examination projects. The initiative has 
been promoted through local publications 
such as Design and Technology Education 
and, as a result, other schools are beginning 
to realise the potential of computer control 
technology for Design and Technology. 

IMPLICATIONS 

1. Expose pupils to computer control activities in their design projects. 
Computers are playing an increasingly important role in controlling 

devices in our society and they can provide creative and exciting 

opportunities for design and technology projects. Many teachers have 

pointed out the interest and motivation computer control activities generate 

in the pupils. 

2. Select sofhvare which provides a flowchart approach to design. 
Using software such as Flowol or Logicator, which allows programs to 

be developed as flowcharts, pupils spend more time designing and less 
time learning commands.  Such  software is  available f rom local 

educational suppliers. 

~ ~ p p p p ~ ~ ~ ~ ~ ~ ~  
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3. P h n  a progression of activities which provide a range of experiences 
for pupils in using computers for control work. 
Well structured experiences in computer control are essential if the pupils 

I are to be able to use the medium in an informed way for their design 

activities. 

Begin with some structured tasks in Secondary One using construction 

kits such as the FischerTechnik 3 storey lift. 

In Secondary Two, give more open-ended tasks, which allow pupils 

to  explore different components and mechanisms. 

By Upper Secondary levels, pupils should have attained competence in 

understanding the technology and be able to use it, where appropriate, in 

their mainstream design work. 
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THE ROLE OF ASSESSMENT IN 
DEVELOPING CREATIVITY 

Review by Rosalind Y. Mau 

INTRODUCTION 

Teachers need to essentially provide 
training, structures and systematic 
techniques to raise the general level of 
creativity among students and to help them 
reach their full potential (DeBono.1995). 
Such techniques can involve using 
assessment criteria to tap creative potential. 
Assessment of creativity has focused on 
personal characteristics (Roussalov & 
Poltavseva 1997). mechanisms and phases 
of the process (De Bono, 1995), the 
environmental situation (Guilford, 1986), 
and the creative product (Torrance, 1995, 
Hermann, 1990). Teachers however, are 
often uncertain of how to use assessment 
criteria to guide and reinforce the creative 
process. Indeed, compared to  the 
information on how to teach creativity, few 
books and journals discuss how to use 
assessment to develop creativity. This 
paper introduces ways of linking 
assessment and creativity based on a review 
of the literature. 

REVIEW OF RESEARCH 

Research studies and general observations 
of classes show that teachers can use 
assessment to  promote and develop 
creativity (Guilford. 1986: Herrmann. 
1990; Torrance, 1995; De Bono, 1995). 
Hermann in The Creative Brain (1990) 

those who can be creative, but need 
guidance to tap their potential. 

In Singapore, Mr Wee Heng Tin, Director 
General of Education, indicated that 
creative leadership needs to he exercised 
in schools. In order to develop the third 
category of people that Hermann mentions, 
school leaders must "encourage, stimulate 
and guide the process of innovation from 
beginning to end" (16 August 1997). How 
then can teachers help their students with 
this process and assess their creative 
output? 

Knowledge base is essential for cmtivity 

Students need a knowledge base from 
which to think creatively. They can then 
connect their prior knowledge to new 
information as well as apply their ideas to 
new situations. Teachers can neither assume 
that students have the prior knowledge nor 
the opportunity to acquire content area 
information. In writing, for example, 
students need background knowledge on 
the topic about which they are expected to 
write. How can students give their position 
on a current national issue when they are 
not well versed in current events? (Herman, 
Aschhacher and Winters, 1992). 

Similarly. Redelinghuys (1997) asserts that 
the search for evaluation and acceptance of 
creative concepts is based on the product- 

categorised people into three groups: related knowledge of the designer. So 
students need basic knowledge in a specific those who are already creative and are 
area in order to he creative in that area. For actively creating forpleasure andprofit: 
example, no matter how creative a group 

those who are sometimes creative: of poets are, they probably will not be able 

-- --- 
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to design a high performance gearbox. 
Likewise, an engineering student cannot be 
expected to produce a presentable violin 
concerto. 

Multiple modes of assessment guide and 
improve the creative process 

Assessment guides the creative process by 
setting clear targets to be achieved, by 
providing explicit criteria to follow, and by 
communicating feedback on the process 
and product to students (Herman, et al, 
1992). 

Since basic knowledge is necessary to the 
creative process, one achievement target is 
for students to learn essential facts, 
concepts and principles. Paper and pencil 
assessments in the fonn of multiple-choice 
and essay tests are effective in determining 
how well students have acquired the basic 
facts and concepts. 

Other achievement targets could include 
solving a problem by generating hypotheses 
or developing a creative product. Teachers 
can direct students toward a creative target 
by not only making sure that they have the 
knowledge base but also an understanding 
of what creative products look like. In 
order for students to achieve the assessment 
target, they can be given models of 
creativity so that they can compare 
standards. Several examples of creative 
products of low and high standards can be 
shown. Teachers then discuss the 
characteristics of the various products 
pointing out the characteristics of a product 
of high creative quality (Marzano, 
Pickering and McTighe, 1993). The 
assessment mode most suitable for this type 
of activity would be through personal 
communication with teachers discussing 
and questioning students on process and 
product. 

According to Redelinghuys (1997) teachers 
who provide clear assessment criteria for 
students to follow, promote the generation 
of a number of ideas and the application of 
ideas in innovative ways. Three possible 
criteria could be: 

generating and discussing at least three 
hypotheses to solve the problem; 

selecting the best idea and giving a 
strong rationale for the decision; 

applying the idea in two innovative 
ways. 

To reiterate during the creative process, 
three modes of assessment can be used. 

1. Paper and pencil tests when assessing 
knowledge and skills learned; 

2. Performance assessment when 
assessing the process of learning and 
creating; 

3. Personal communication when a 
teacher discusses the process and 
product with a student or groups of 
students. 

Real-time and multi-stage creativity 

There is a difference between real-time 
creativity and multi-stage creativity. Real- 
time creativity is spur-of-the-moment, 
improvisational and demands a product in 
a short interval of time. In contrast. multi- 
stage creativity requires sufficient time for 
students to generate and then select ideas. 
Herrmann (1990) asserts that we can have 
an idea in a second, but it may take days or 
weeks to apply that idea. In Singapore, 
teachers and students are familiar with 
paper and pencil assessments administered 
in a given time period. However, based on 
a review of several books, time is needed 
for creativity to be fostered (Herrmann. 
1990; Torrance, 1995; De Bono, 1995). 
Other modes of assessment such as 
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performance assessments and personal 
communication, or reflective journals, can 
be used for long-term assignments, such as 
research papers and science projects. 
Teachers can assess entries in a reflective 
journal to see how students think through 
ideas, how ideas are generated and applied 
creatively. Singapore schools are in the 
process of moving towards long-term 
assignments in the form of project work for 
the various subject areas. 

Self and peer assessment 

The creative process can be guided through 
self-assessment as well as peer assessment 

techniques. In self-assessment, a checklist 
is given to students. As they complete each 
stage of a task, they check that particular 
item. This checklist can be given as a guide 
toward more divergent thinking and 
generation of new ideas. At the same time, 
a checklist promotes convergent thinking 
necessary to selecting an innovative idea 
from several ideas. Peer assessment is yet 
another way to foster creativity. Peers who 
understand the aqsignment may be able to 
draw new connections and/or stimulate 
more creative ideas through their 
examination of another student's progress 
(Nitko, 1995). 

IMPLICATIONS 

1. Use paper and pencil tests, e.g. mulliple-choice and essay questions, to 
ensure that students have prior basic knowledge on which the seeds of 
creati'vity take root. 

Example a: 

----- 
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Which of the following areas on the map would be the best location for a 
steel mill? (2 points) 

1 .  At point A 

2 .  At point B 

3 .  At point D 

4 .  At point C 

State your reasons for choosing that area (5 points). 
Give it a creative name and explain how the name can attract investors to 
the steel mill (5 points). 

2. Use sey-assessment checklists that students follow and complete. Give 
students the criteria to guide them to a creative product. In this way, 
students are encouragedto thinkflexibly and divergently and take risks 
to innovate. Ask them to then make a selection of the ideas presented 
and further just& their reasons for doing so. 

Example b: 

Self-Assessment Student Checklist 
Criteria to Guide Students to Be More Creative 

Yes No 

I connected one idea to another in a new way - - 

I thought of three new hypotheses - 

I tested my hypotheses and found unexpected results 

I selected this idea because it is innovative - - 



3. Use peer-assessment so peers review other students' progress. In this 
way, peers can stimulate ideas or suggest other connections. 

Example c: 

Peer Assessment of a Mathematics Assignment 
Rating Scale 

Mathematics Area 

1. The story problem devised 

for the given answer was 

creative in the way it was 

written 

2. The math story. problem 

generated several new ways 

of looking at the answer 

3. I could see the connection 

between math and other 

subjects and in everyday Iife 

1 4. 1 could use more than two 

strategies to solve the problem 

5. The story problem helped me 

better understand the 

mathematical concept because 

it  applied the concept in  an 

innovative way 

- 

strongly 

agree 

Check One 

agree disagree strongly 

disagree 



4. Ask s m e n t s  to keep reflective journals where they record their thoughts 
and ideas and portfolios where they collect evidence of their work. As 
students write in their journals, they are able to critically reflect on 
how they progressed through the creativeprocess, and not their successes 
and frustrations. 

Example d: 

I Reflective Journal on Project Work 

In your journals keep a daily log where you write your reflections for 10 
minutes a day on the following areas: 

1. How did I explore the various topics for my project work? 

2. What examples of divergent thinking did I use during my exploration? 

3. How and why did I select the topic for my project work? 

4. What are the unique features of my work'? . 

5. What were some of the interesting ways I used to conduct my work? 

6. What did 1 reflect upon the most'? I 
7. How did I overcome problems that I encountered? 

8. How did I know that I had completed a creative piece of project work? 

Portfolio assessment enables students to track their progress as they 
accumulate their pieces of work from the beginning to the end of the 
creative process. A portfolio also provides opportunities for students to 
revise and rethink while creating something or solving a problem (See 
Ball & Chia. 1995). 

-- 
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We hope the articles included in this special issue of REACT have encouraged you to 
take whatever opportunity presents itself to s-t-r-e-t-c-h children's minds to new 
dimensions of thinking. It is only by setting up learning experiences for pupils to stimulate - 
their taste to take risks, explore, identify and solve problems for themselves, that we will 
inspire them with the confidence and enthusiasm to play an active part in the creative 
process we call learning.. ... . 

We look forward to your continued readership in 1998. Our first issue of the year due 
out in June will draw as usual, on a variety of reviews from Education, the Sciences, 
Physical Education and the Arts. It will also feature a special section entitled Extremes 
in Education, which will include articles on children with special needs, at both ends of - 
the learning continuum. 

Linda Gan 
Executive Editor 
REACT 


