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Students' Learning Approaches: What Does 
Research on Learning Science Tell Us? 

Christine Chin 

Introduction 

Research on students' learning has shown that how they approach their learning 

influences their learning outcomes and consequently, to some extent, how 
successful they are in their academic achievement. Approaches to learning refers to 

"the ways in which students go about their academic tasks, thereby affecting the 

nature of the learning outcome" (Biggs, 1994). A learning approach comprises both 
the motive for undertaking the task and the strategies used. Learning approaches lie 

on a continuum from deep to surface (Marton, 1983; Biggs, 1987). A deep approach is 

associated with intrinsic motivation and meaningful learning. In this approach, the 

learner focuses on understanding the meaning of the learning material and attempts 

to relate the different parts to each other - the new ideas to previous knowledge, 

and the concepts to everyday experiences. A surfnce approach, in contrast, is based on 
extrinsic or instrumental motivation, where the learner perceives the task as a 

demand to be met and tends to memorise discrete facts, reproducing terms and pro- 

cedures through rote learning. A surface approach leads to less developed knowl- 
edge networks and weaker conceptual understanding (BouJaoude, 1992; Cavallo 

and Schafer, 1994; Hegarty-Hazel and Prosser, 1991a, 1991b). 

Students can be helped to learn better by fostering a deep learning approach. 

Fostering deep learning, however, requires an understanding of the factors affect- 
ing the learning approach that students adopt, as well as the differences in think- 

ing processes and behaviours that students engage in during learning. If teachers 

know what contributes to deep and meaningful learning - what it is that 
students do differently during the learning process that leads to different learning 

outcomes, and what influences such differences in behaviour - they may be 

better able to tailor their teaching to individual differences in learning needs and 
thereby encourage deeper thinking in their students. 



92 Christine Chin 

The purpose of this paper is to (a) discuss some factors that influence students' 

learning approaches and identify what contributes to deep learning, (b) compare 
the differences in characteristics associated with deep and surface learning 

approaches in science, (c) and draw out some implications for instructional practice. 

Review 

Factors Influencing Students' Approaches to Learning 

Because rote learning takes relatively less effort on the part of a learner initially, it 

is relatively efficient, in that a learner can repeat verbatim some of the concept 
definitions and propositions presented in the instruction. Thus, early in a learning 

program, the rate of learning can be faster for rote than meaningful learning. 

However, because concepts learnt by rote are stored arbitrarily and non-substan- 
tively in cognitive structure and are not as well integrated, they are forgotten 

easily, or are related to other bits of information in inappropriate ways. On the 
other hand, knowledge learnt meaningfully is retained longer, is better integrated 
with related concepts, and more readily applied in a wide variety of new 

problen~s or contexts. This high transferability of knowledge is necessary for 

creative thinking. Indeed, only high levels of meaningful learning can lead to 
creative production (Novak, 1998, p. 20 and pp. 61-62). 

Biggs (1987) describes the personal and situational factors associated with a 

learning approach as presage factors. These interact to determine the learning 
approach adopted in a learning situation. Personal factors include ability, person- 
ality, cognitive style, motivation, attitudes, prior knowledge, and conceptions of 

learning; while situational factors comprise nature of task and the context in 

which it is performed, time pressures, the method of teaching, assessment, and 

perceptions of institutional requirements. These presage factors determine the 
learning approach (process) adopted, which in turn affects the quality of learning 

outcomes (product). Biggs (1987) calls this the 3P (presage, process, product) model, 

or the systenrs model (Biggs, 1994) of student learning. 

Three aspects of the model will be discussed here: epistemological beliefs, goal 
orientation and motivation, and learning strategies. 

Epistemological Beliefs 

A student's personal epistemology influences his or her conceptions of and 
approach to learning. Epistemology concerns individuals' beliefs about the 
structure and origins of knowledge and may be broadly classified as positivist or 
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constructivist. In a positivist view, the process of knowing is the search for a 

verifiable truth. The positivist approach views learning as receiving and storing 
knowledge; it assumes that an already developed body of scientific knowledge 

exists which can easily be transmitted by the teacher to students through generally 

passive instructional means. Constructivists, by contrast, see knowledge as being 
actively constructed by the learner, not passively received or discovered by an 

objective experimental method. 

Research in science education has shown the relationship between students' 

epistemologies and their approaches to learning science. Students with positivist 

or empiricist epistemological beliefs tend to be rote learners oriented to grades 

(Edmondson and Novak, 1993) and to use more rote-like strategies, because they 

believe science is like a collection of facts (Tsai, 1996). On the other hand, students 
having constructivist episten~ological beliefs engage in more active learning and 

use more meaningful learning strategies as the primary goal of their understand- 

ing of the material. 

Students' epistemological beliefs affect not only the learning strategies 
employed but also their stance toward activities in the classroom (Roth and 

Roychoudhury, 1993, 1994). For example, students with positivist beliefs about 

scientific knowledge regard the textbook as a store of knowledge to be memorised 
and practised. Such students do not try to find things out on their own but rely on 

peers and teachers to provide them with guidance to get things right. However, 

those with a more constructivist perspective would use laboratory activities to 
arrive at new knowledge on their own, through personal involvement. Also, 

when students view science as dynamic, they are more inclined to seek principles 

to explain and integrate their diverse ideas and to build more predictive ideas 
about science (Songer and Linn, 1991). 

Just as students' personal epistemologies influence their learning approaches, 

so do teachers' epistemologies influence their choice of teaching methods 

(Benson, 1969; Gallagher, 1991; Hashweh, 1996; Tobin and Fraser, 1988). For 
example, Gallagher (1991) found that teachers with positivist views of science 

emphasise the "scientific method" and objectivity of scientific knowledge. They 

tend to portray science as a body of knowledge and try to cover the content in 
textbooks. On the other hand, Hashweh (1996) reported that teachers who held 

constructivist views use a richer repertoire of teaching strategies, and use poten- 

tially more effective strategies for inducing conceptual change. Since teachers' 
epistemologies influence how they teach, this also affects how students learn. 
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Goal Orientation and Motivation 

Research shows that students' goal orientations and motivation influence their 

choice of learning strategies and this, in turn, influences the quality of their cog- 

nitive engagement; that is, the degree to which they approach a learning activity 
purposefully and respond to it thoughtfully. Studies by Lee and Anderson (1993) 

and Lee and Brophy (1996) showed that motivated students demonstrated high 
quality of cognitive engagement, while those who were not motivated to learn 

were likely to adopt strategies for meeting accountability pressures with the least 

possible effort. 

When students pursue learning or task goals, they see learning as an end in 

itself and seek to understand the task. They are likely to employ deep cognitive 

and self-regulated strategies, such as integrating information and monitoring 

comprehension, which result in meaningful learning or conceptual understanding 
(Meece, Blumenfeld, and Hoyle, 1988). In contrast, students who pursue "perfor- 

mance" or ego goals seek to demonstrate their ability or gain social approval; they 

tend to use more surface level strategies, such as memorization. Some students 
pursue work-avoidant gdals, seeking to complete their tasks without thinking too 

hard. This orientation is associated with use of rote-level rather than deep- 

processing strategies (Nolen, 1988). 

Learning Strategies 

Students' choice of learning strategies is closely associated with the learning 

approach that they adopt. When students attempt to learn meaningfully, to relate 
new and existing knowledge or build internal associations among different 

concepts in their efforts to understand, they need to use elaboration and integra- 

tion strategies. Such strategies are most potent in promoting deep learning. When 
students learn deeply, they also monitor their understanding and reflect on the 
learning process. 

Chin and Brown (2000a) found a number of elaboration and integration strategies 
associated with a deep learning approach: 

(i) visualizing and generating mental images, 

(ii) creating analogies to explain scientific phenomena, 

(iii) hypothesizing, constructing thought experiments and predicting possible 
outcomes, 

(iv) giving explanations and constructing theories, 
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(v) invoking personal experiences and prior knowledge, and applying them to 

new situations, and 
(vi) asking questions. 

Other metacognitive or comprehension-monitoring strategies included: 

(i) self-evaluating and self-questioning, 

(ii) defining a problem and establishing the main ideas, 

(iii) detecting and self-correcting one's errors, 

(iv) attending to contradictory information and alternative ideas, and 

(v) considering limitations in one's own or others' ideas and critiquing them. 

These different individual strategies interact during deep learning, leading to an 

overall "depth dynamic". Such strategies are not invoked in surface learning, or 

they are applied only as isolated responses to stimuli. 

Differences Associated with Deep versus Surface Learning Approaches 

Do we know what kinds of thinking behaviours are associated with deep and 

surface approaches to learning science? Chin and Browr) (2000b) found differences 

in five key dimensions: generative thinking, nature of explanations, asking q~restions, 
metacognitive activity, and approach to tasks. 

When students used a deep approach, they displayed a greater degree of 

"generative thinking". They ventured their ideas more spontaneously, their ideas 

were more elaborative, and their responses often incorporated examples, self- 
generated analogies, and daily life experiences. In contrast, students who used a 

surface approach remained stuck, frequently saying "I don't know", or giving 

responses that did not directly answer a given question or that were less detailed. 
They groped around without a sense of directional link between isolated ideas. 

The explanations associated with deep learning related to personal experiences 

in daily life, or described cause-effect relationships and focused on the mechanisms 

of how things work in the physical world. They tended to be like mini-theories or 
models which attempted to account for what was not perceptually obvious. In 

contrast, explanations associated with surface learning tended to be reformula- 

tions of the questions, did not explain why or how things happened, or referred 
only to what is visible. 

The questions associated with a deep learning approach tended to be 

"wonderment" questions, reflecting curiosity, puzzlement, scepticism, or 
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speculation. They focused on explanations, predictions, resolving discrepancies in 

knowledge, application, and planning. Such questions were more likely to 

contribute to an advancement in conceptual understanding. On the other hand, 
questions associated with a surface approach pertained to more basic information. 

They focused on factual recall, or sought clarification about a given procedure, or 
asked how a task was to be carried out. 

When students used a deep approach, they also displayed more cognitive 

self-appraisal and regulatory control of the learning process, through ongoing 

reflective thinking. Such self-monitoring and self-evaluative behaviours were less 
likely to be associated with a surface learning approach. 

In their approach to tasks, students using a deep approach engaged in "on-line 

theorizing": they spontaneously generated explanations or mini-theories to account 
for observed phenomena. They also showed a more sophisticated level of obser- 

vation, going beyond what was visible and obvious to infer patterns and trends. 
They tended to think ahead and predict outcomes when performing an activity, 

and were more likely to engage in talk at the conceptual, analytical, and meta- 
conceptual levels. On the other hand, when students adopted a surface approach, 

they showed a more limited focus during task engagement and noticed mainly 

gross, macroscopic features. During group discussions, they typically engaged in 
talk at only the procedural and observational levels. 

Implications 

The nature of tasks that teachers set and the cognitive demands required of 

students determine to some extent, the learning approach and learning strategies 
that students adopt. For example, open-ended, problem-solving activities elicit 

more and a wider range of higher-order thinking questions and consequently 

encourage deeper learning, compared to teacher-directed activities where 
step-by-step activities are given (Chin, Brown, and Bruce, 2002). 

While rote learning of information can be faster and result in seemingly more 
efficient learning and higher achievement scores in the early stages of a learning 

program, this rate of learning will decline with time (Novak, 1998, p. 62). The learn- 
ing speed for meaningful leaning is relatively slower initially, but this type of learn- 
ing better serves the student in the long run as it leads to more coherent, integrated, 
and substantive knowledge, with greater transferability and capacity for creativity. 

In light of the above research findings on students' learning approaches, some 
implications can be drawn for classroom practice: 
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Conclusion 

Students' learning approaches determine, to some extent, the nature of their learn- 

ing outcomes and academic achievement. If teachers are aware of the various 
factors contributing to students' learning approaches and the characteristics 

associated with deep versus surface learning, they can be more perceptive and 

responsive to their students' learning. They can also design their lessons to encour- 
age students' use of deeper thinking strategies and minimize the use of surface 

strategies. In this way, their teaching would be better aligned to meet the chal- 
lenges presented in Singapore's vision of "Thinking Schools, Learning Nation". 
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Reflective Learning in the Classroom 

Tan Kok Siang 

Introduction 

Singapore is at the crossroads of a restructuring effort to meet the global demands 

of a knowledge-based economy. This includes restructuring our educational curri- 
culum and refining our teaching methods to produce creative and entrepreneurial 

Singaporeans (Goh, 2002). Rapid changes in global trade and political scenes, 
fuelled by advances in information and communication technology, create the need 
for countries to compete in terms of their ability to spot or create opportunities. 

A workforce with these capabilities will help the country survive a keen economic 

competition. As educators, we have the responsibility to help our country create 
such a workforce, one with the habits of looking out for opportunities and learning 

from past experiences with an intention to improve. Our school curriculum needs 

to train our students to develop these skills, in particular the skills of establishing 

relationships and generating alternatives, which are also the main characteristics of 

reflective learning (Ellis, 2001; Fogarty, 1994; Sugerman el al., 2000). 

Reflective learning, as a habit of mind, can be developed through the con- 
scious and consistent application of the skills of learning. In general, being reflec- 

tive means looking back at our past learning experiences and making sense of 

things by relating these past experiences to our current and future learning needs. 
Adopting a reflective learning approach involves explicit training in generating 

alternative solutions to problem situations and establishing links among ideas. Be 

it a pre-learning reflective activity, an on-going reflection during a lesson, or a 
post-lesson reflection, teachers may like to consider adopting reflection as a class- 
room pedagogical approach. This article will discuss the nature of reflective learn- 
ing and suggest how teachers can help students become reflective learners in the 
classroom. 
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Concrete experience 
1 

Testing implications of 
concepts in new situations 

Observations and 
reflections 

\ Formation of abstract y2 
Concepts and generalization 

3 

Fig. 1. The Experiential Learn~ng Cycle (Kolb and Fry, 1975) 

Review 

Reflective Learning Defined 

The idea of reflective learning is not new. In the 5'h Century B.C., the Greek 
philosopher, Socrates, probably demonstrated reflective learning through his 

inquiry-based approach (Livingstone, 1938) but it was John Dewey who wrote 

explicitly about reflective thinking and how important reflection was to the devel- 

opment of the thinking person. In his book How We Think, Dewey (l.933) describes 

reflective thought as the suspension of judgement and having an open mind. 

Reflection, he said, begins with observation "to take stock of the conditions" 
before "suggestions arise of possible courses of action" (pp.102-103). He advocated 

that educators teach students to question and examine in detail their own 

learning in order to make them critical reflective learners. Dewey further 
suggested that reflective thoughts involve "a look into the future" as well as the 

past experiences of the learner, and establishing a relationship "on a new basis" 

(p. 118). 

In 1975, Kolb and Fry put forth the Experiential Learning Cycle as a model 

of learning in which experience becomes translated into concepts through a 

four-stage cycle (See Fig. 1). In other words, reflection is not just about the 

process of thinking but it also deals with how the learner's learning experience 
shapes his or her thinking. Boud, Keogh, and Walker (1985) see reflection as an 

active cognitive exploration, a process where people "recapture their experi- 

ence, think about it, mull it over and evaluate it" (p. 19), often leading to the 
discovery of new concepts or mastery of new skills. Through reflection learn- 

ers gain a deeper ownership of the knowledge or skill acquired. Reflection also 

provides an interesting platform from which learners can observe their own 
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learning experiences and this can allow the generation of ideas which would 
otherwise have remained dormant. 

Reflective Learning in Language Education and Adult Learning 

Reflective learning has been widely adopted in language education and adult 
learning programmes. Since learning a language is often most effectively achieved 
through experiential immersion in a social environment where that language is 
primarily used, reflection is a natural pedagogic strategy for teachers in class- 
rooms where there has been a shift to more student-centred learning approaches 
(Ho, 1997; Main, 1985). Through activities, like report writing, keeping a learning 
journal or portfolio, and imaginative story telling (Courtney and Abodeeb, 1999; 
Ho, 1997; McDrury and Alterio, 2001), learners can reflect on past language-using 
experiences, and in this way pick up the finer points of using a language (Tarvin 
and Al-Arishi, 1991). 

In adult learning, which often occurs in the workplace, learning is commonly 
associated with doing. Marsick et al. (1992) explain that adults do not learn just by 
job simulation but they learn most effectively by being involved in the actual 
doing of the job, as in solving a real workplace problem. Schon (1983), author of 
the book, The Reflective Practitioner, proposed several kinds of reflective learning 
involving adults. Two of these are: "reflection-in-action" and "reflection-on-action". 
Reflection-in-action literally means the learner reflects in the midst of the learning 
action. It is an in-process quality check during learning, making decisions there 
and then, and adjusting to the changing demands of the situation. Reflection- 
on-action, on the other hand, is reflection after the learning event has come to a 
close. It is the review of the experience with the hope of surfacing ideas or opini- 
ons that would help to improve future learning. Schon's theories on reflective 
learning are often cited and applied in studies in professional fields like manage- 
ment and nursing (Atkins and Murphy; 1993; Carroll et al.; 2001; Raelin, 2001; 
Reynolds, 1999). 

The ideas and experiences from Language Education and Adult Learning may 
be applied to young and teenage learners in schools. With an understanding of 
how people reflect, teachers can create a reflective learning classroom environment 
by using some of the strategies language teachers and adult trainers use. In such a 
learning environment, students can be developed into habitual reflective learners. 
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Reflective Learning in the Classroom 

A number of educators and trainers claim the benefits and strengths of a reflective 
learning school programme. Bigge and Shermis (1999) argue that "if the central 

goal of education is to foster intelligence, reflective teaching should be the basic 

approach used by teachers everywhere" (p. 270), while Ellis (2001) claims that one 
of the reasons why schools may fail to produce independent learners is the lack of 

opportunities for students to reflect. Others assert the need for schools to develop 

explicit strategies to allow for reflection and metacognitive thinking (Fogarty, 
1994; Langrelir, 1990; Wilson and Jan, 1993). 

In order to build a framework for a reflective classroom practice, Whitaker 

(1995) says that teachers need first to provide opportunities for children to dis- 
cover their own learning route. This means teachers need to be able to "diagnose" 

the learning needs of the students and identify tlie expectations of the curriculum 

in order to "facilitate" the appropriate experiential learning processes in the class- 
room. This may seem an onerous task for tlie teacher but there are benefits to be 
reaped in the long run. 

A number of classroom strategies have been designed to develop reflective 
learning habits (Ellis, 2001; Fogarty, 1994; Sugerman et a/ .  2000). To start off, it may 

be useful for teachers to consider the two core skills in most reflective strategies: 
establishing relationships and generatir~g altertratives (or possibilities). 

Relating is a powerful skill, as it involves many other skills, including recalling 

prior knowledge, identifying what is known and what the learner wants to know, 
and then making the connection between them. Seeing meaning in the learning 

will motivate learners to pursue further, thus generating a variety of ideas. 

Through co-operative group work and strategies like tlie KWL procedure 

("what I Know, Want to know, and what I have Learnt"), students can be led to 
habitually relate their learning needs to their prior knowledge. Fogarty (1994) has 

a list of metacognitive strategies for concept development that involve students in 
planning for their leart~it~g. An example is the writing of stem statements at the 

start of a lesson. The teacher can write the stem on the whiteboard or overhead 
transparency and students are asked to "react to i t  by writing in their notebooks 
or journals" (Fogarty, 1994, p. 8). Hence, in a Biology lesson, for example, the 
teacher may write the stem statement: "The cell is made up of .. .." on the white- 
board and students would then have to complete the sentence based on their 
understanding of the concept which the teacher plans to teach. Other concept 
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development reflective strategies include monitoring strategies like thinking 

aloud (pair work) and instant replay (audio or video recordings) with feedback 
from peers. Audio and video replays are used in skill-based lessons, as in per- 
fecting a handicraft skill or dance movement, or learning a song, or in athletics 

training. Replays can also be used for language learning and in science laboratory 

practical lessons. Reviewing the mistakes made with the learners may generate 
more ideas for the learner to improve. 

Reflective learning strategies in developing problem-solving skills require a 

lot of students' initiatives. An example is the use of the "Clear and Unclear 
Windows" strategy where students identify what they are clear about and what 

they are not (Ellis, 2001). It is used as a kind of student's self-report. The strategy 

helps the students to define their knowledge or ability boundary, and the teacher 
can use this information to craft problems or design tasks that will lead the 

students into the lesson more comfortably. As an end-of-lesson strategy, it 

becomes a self-evaluation exercise with the students taking the responsibility to 
gauge their level of achievement. Again, the information gathered will help the 

teacher to further diagnose their learning needs. 

Another reflective strategy often used in problem-solving lessons is "Question 

Authoring", which can serve "as an aid to comprehension" to a problem state- 

ment or situation (Ellis, 2001, p. 98). Instead of the teacher presenting the problem 

and the related questions about the situation, the students are asked to write down 

questions about the situation instead. For example, in a story comprehension exer- 
cise a student might write the question, "Why did John claim himself of be the 
murderer when he was innocent?". Or, when discussing a critical national issue, 

the question, "Why can't we use NEWater technology on seawater instead of 

wastewater?" may be authored by the students themselves. These self-crafted 
questions help the students relate their personal experiences or ideas with the 

problems they are dealing with. They may also serve as seeds to generating pos- 

sible answers or scenarios to the problem being discussed. Habitual questioning, 

enhanced by the teacher's insistence that the students write the questions down, 

will help the students develop effective problem-solving skills. 

Discussion 

These classroom strategies can be applicable to most subjects in the school 
curriculum. All it takes for teachers is to provide the opportunities for their 
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students to experience the learning and to give them sufficient time to reflect as 

they learn. It may be easier said than done, but as in all reflective learning situa- 
tions, an initial trigger to reflection must exist before reflection comes about. That 

trigger to entrenching a reflective learning environment in the classroom has got 

to be the reflective pedagogy employed by the teacher. 

The greatest problem in creating a reflective learning classroom is not about 
formulating learning procedures, nor about structuring reflective learning 

programmes and conducting reflective assessments. It is about changing the mind- 

set of policy makers, school administrators and most of all, the students' parents. 
While teacher-led didactic learning classrooms have undeniably produced top- 

notch graduates who can follow instructions closely and effectively, it may be 

difficult to clearly show that reflective learning classrooms do indeed produce 

independent learners with the ability to make informed choices and to create 

innovative solutions to problems. However, there are reports on classroom reflec- 

tive practices that show how students tend to be more receptive to learning and 
to be able to make connections and articulate their understanding of the lessons 

in different ways (McDrury and Alterio, 2001; Smith, 1997; Smith, 1999; Weasmer 

and Woods, 2000; Wilson and Jan, 1993). 

Conclusion 

Reflection in learning takes time and effort, and the reflective classroom has yet 
to be clearly accountable to a society serious about academic achievement on 

paper. It is also difficult to claim that Reflective Learning is a new pedagogical 

approach, since much of what teachers are already doing in the classroom 
involve some degree of reflection - for example in journal writing, questioning 

and role-playing. However, it is probably true to say that explicit reflection is 

seldom used as a conscious learning strategy in the classroom. Teacher-led 
drilling has helped students to perform effectively in national public examina- 

tions; in the same way, teacher-facilitated reflective learning can help students 

enhance and deepen their learning, both now and on leaving school. If skilfully 
incorporated as a pedagogical approach in the classroom, reflective learning can 

help build and sustain a lifelong learning culture in our present and future 
generations of citizens. 
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Using Critical Incidents in Journal Writing 

Mick Randall 

Teaching practice plays a pivotal role in the pre-service preparation of teachers. In 

some programmes such as the UK Post Graduate Certificate in Education, school 
placement has become the dominant element, with very little time spent on 

theoretical study in higher education institutions. The main arena of development 
for the pre-service teacher is thus the classroom. In Singapore, although trainees 
spend less of their time in the classroom, the Teaching Practicum is nevertheless 

a major element of the teacher preparation programme. It is seen by both teacher 

educators and trainee teachers, as the crucial site for learning about teaching. 

Given the importance of the Teaching Practicum in'the training process, it is 

important to select methods that can maximize the learning potential of the teach- 
ing placement. This article will examine the use of a particular technique, critical 

incidents, within the wider process of journal writing, itself a major method of 
learning and assessment used in Teaching Practicums worldwide. The article will 

provide a theoretical framework for effective teaching practice; it will evaluate the 
use of journals in general and critical incidents in particular within this overall 
framework. 

Reflective practice has long been accepted as the model for effective teaching. 
Deriving from the influential writings oi Schon (1984, 1987), the reflective practi- 
tioner model has dominated thinking about teacher professional development 

(Hughes, 1991), teacher education (Calderhead and Shorrok, 1997), mentorship 
practice (McIntyrc and Haggar, 1994, Tomlinson, 1995) and foreign language teach- 

ing (Wallace, 1991, Richards and Lockhart, 1994). This model sees effective teachers 
as professionals who are able to develop their ideas and professional practice 
through the process of reflection on their performance in the classroom, i.e. through 
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"reflection on action". Schon sees the learning of a professional (and in this he sees 

teachers as being similar to many other professionals, such as architects) as being 

different from other fields in that professional practice involves a fusion of both 

theory and practice - theory in  practice. Thus, the professional setting, be it the 
classroom or the architects drawing board, is the crucial site for learning. 

Another powerful model of learning, Kolb's Experiential Learning Cycle (Kolb, 

1984), also proceeds from the premise that experience is essential to learning. This 

model explains the process of learning from experience. The cycle entails four 

stages, Concrete Experience, Reflective Observation, Abstract Conceptualisation 

and Active Experimentation, each working in a cyclical process: 

Active 
Experimentation 

I 

Reflective 
Observation ~ I I 

The Experiential Learning cycle starts from the experience of the classroom 
and asks the trainee/teacher to reflect on this experience and to draw conclusions 

from this reflection, and then to begin to theorise from it. To do this the 

trainee/teacher will begin to integrate the theoretical knowledge from the 
methodological courses into their own developing understanding of teaching. 

From these insights, the trainee/teacher will then formulate plans for future 

actions (for example, decide on other ways to approach the teaching of some- 
thing). Through Active Experimentation they will try these out in the classroom, 

thus generating more Concrete Experience, which will be evaluated in the same 

way. In this way, Kolb's model provides a learning process to complement 
Schon's Reflective Practice. 
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If we accept, as many do, the efficacy of these models, both for the trainee and 

for the kind of autonomous professional teacher we want to produce in teacher 
education, then the problem becomes how to instill such habits of thinking into 
the trainee, and, as a supplementary issue, how to assess whether the trainee has 

reached the stage of being able to operate as an autonomous professional at the 
end of the period of training. 

One of the roles of the cooperating teacher, mentor, or teaching practice super- 
visor is to help the trainee to "see" their teaching and to scaffold their under- 

standing of the teaching process. Through this scaffolding the trainee can be led 
to an understanding of the experiential cycle and reflective practice process (for a 
discussion of this see Randall & Thornton, 2001). However, trainees are not 

always going to have an outside mentor to help them see, and one of the ways that 
are used both to develop trainees as reflective practitioners and to assess their 

ability to reflect on practice is to ask the trainees to produce a teaching log or 
journal during the period of the practicun~. 

Diaries have been much used both in research into teacher thinking (for a 
review see Bailey, 1990). Such studies provide a useful anthropological approach 
to understanding teacher thinking. Similar approaches, involving the use of jour- 

nals or logs, have also been enthusiastically adopted in teacher preparation pro- 
grammes (Bailey, 1990; Porter et al., 1990; Thornbury, 1991). The proponents of 
such methods emphasise that journals provide a framework for training in reflec- 

tion. Journals can also provide an opportunity for the trainer to assess the devel- 
opment of the trainee and also to assess the effectiveness of other aspects of the 
teacher training programme. Thus, for example, the effectiveness of a methodo- 

logy programme can be assessed through the references made in the diary/journal 
entries of the trainees on teaching practice. Mace (1996) used diary studies to 
show how teacher trainees developed over a training programme in Rumania and 

how ideas permeated from the training programme to the teacher's practice. 

However, the expected benefits from journal writing are not always achieved. 
The trainees often do not produce work which is truly reflective and very often a 
teaching journal becomes a chronological story of the lesson with a series of coni- 

ments on "what went well" or "what %ent badly". The observations are often not 
closely related to the detail of what happened in the classroom, and the rationale for 
these observations is often very superficial and at the level of classroom 

procedure, rather than exploring or developing models of teaching and learning at a 
deeper level (identifying Stone's (1984) "deep structures" of learning). J a ~ s  (1992), 
in a study of in-service journal writing, reports on the difficulties that journal writers 
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have in moving beyond the descriptive to the reflective. Similar problems are 

reported by Spilkova (2001) who reports that many students remain at the descriptive 
level or cling to sinrple value judgements . . ... without substantiating why arld without any 
deeper reasoning (Spilova, 2001: 64). Richards and Ho (1998) examined the journal 

entries of teachers following an MATESOL programme in Hong Kong and found 

that in the questions that teachers asked about their teaching only 19% seemed to go 

further than discuss superficial technicalities of teaching procedures. 

Another problem is that some trainees only work from theory and fail to apply 

theory to practice. The type of teacher who is more interested in citing theories 

than in trying to apply them to the classroom is one that is also identified by 

Richards and Ho (1998). 

Both Richards and Ho (1998) and Spilkova (2001) suggest that the trainees 

need to be trained in reflecting. They need training both in what to look for and 
what questions they need to ask about the experience. Students "must be helped by 
way of targeted questions to think more deeply" (Spilkova, 2001: 64). The questions on 

the experience are provided in the normal teaching practice feedback conference 
by the cooperating teache;/mentor/supervisor. In the journal these problematis- 

ing questions will need to be supplied by the trainees themselves. One of the ways 

to solve the problem of what and how to observe and what questions should be 
asked is to structure the journal round a "critical incident". 

Critical incidents have long been used as tools in the social sciences, manage- 

ment and education (Brookfield, 1995). Subjects are asked to write a detailed 

account of an incident in their lives or their professional setting which is of impor- 

tance to them. They are asked to very specific about: 

the location of the incident, 

the people involved, 

their own particular views of why the incident went the way it did, 

their feelings about the incident. 

By getting them to be as specific as possible about the incident, their feelings and 

beliefs about the incident can be explored. They can be encouraged to empathise 
with the participants and to come to some understanding of their own feelings and 
beliefs and of the reasons that the incident proceeded in the way that it did. 
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This process of selecting a critical incident and then discussing it has been 

used within ELT as part of a group action research project (Nunan, 1990). Tripp 

(1993) and James (2001) also suggest using a critical incident methodology as part 

of a process of getting trainees to investigate their teaching. Tliey both make the 

point (as does Calderhead, 1990) that teachers often have a rich episodic knowl- 
edge of the classroom and that this knowledge should be exploited for profes- 

sional development. They also point out that the incidents used by the teachers 

may be quite mundane and need not be the deeply meaningful and highly 

charged incidents which form the basis of their use in social sciences and man- 

agement training. By asking the trainee to select an incident or incidents to reflect 

on, we are trying to get the trainees to understand what is happening in their 

classes from the point of view of experience. We are trying to ask them to look 

at things anew, to "make the familiar strange", and through this refocusing of 
experience, to try to discover underlying principles which can be applied to their 

professional practice. 

James (2001) suggests a number of questions that can be used to structure think- 

ing about such a critical incident: 

What happened? 
Who was involved? 
What/who made it happen? 
What did it fed like? For whom? 

What does it mean? To rohom? 
Why did it happen? 
Did I like it? 

Was it a good thing? 

Why? 
What is it an e.uample of! 

What do I do as a reslrlt/should I do  as a result? 
How? 
When? Where? 

As an example of the use of such a procedure, the following reflections were 

written in response to a small incident that happened in a lesson with some 

pre-service trainee teachers in a Singapore classroom. The incident was quite small, 
quite mundane, but the use of the critical incident procedure allowed underlying 

feelings and perceptions to be translated into principled reflections on the practice. 
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Reflection on Monitoring Student Work 

Three Boys were s i t t i y  in a row w o r @ y  on their 

written recount of  a personale?perience. ?he teadier was i twviy 

around the rows b o k i y  over the ~t11derrts 'sb~l4e~s and y i y  to see 

w h t  they hdzuritten. % she approadid the 6oy at  t f i  endofthe 

row o f  thee, she &ant over to look at w h t  he hdzuritten. 'lheq 6ou\ , 2 2 

sensedherpresence and stopped *tiy a ~ d l i a n t  Back in his diair. % 

he didso he loo(ed.downwardi andpassedhis findover hic eyes. 1 ' M h  was involved? 

%is 6ody ihyunge signafhdem6amanent a6out w h t  he h d  W f i ~ , / w f i t  made it  

written andhe stcadIfast(y lookedawayfrom the teacJier. , happen? 

?lie teadier readwfi t  he hdzuritten andhned  fornardand 

pointed to sometfiing on the page. ?he 6oy, s t i f l l ianiy  6@ away 

from h u  desk rnade a correction on his paper. ?he t& itwvedon 

round the c h s .  

Ifelt the incident indicates so~ne importantpoints a6out the 
rehtionship 6etweerr the t d r  and the student. Ipresume the 

teadier'spurpose in itwnitoriy the wor(was to see w h t  the studerrts 

were w r i t i y  and to he@ them to rvress ttiemefves cckarly. By 

pointiy out the error andget t iy  the student to correct i t  h i m e 4  the 

teadier was fosteriy a sef-correctiorz attitude in the sturlent, wfiidi is 

a positive f i i y  She was e y q i y  in 'kcaffo[ding" the studentJs LLi i t  mean? 

understandiy. !Bowever, the 60dy hyuage  of the student 

tfiit he felt he was 6 e i y  "rrrsessed" 6y the teadier, tht  he felt W h y  didit hppen? 

em6amssed6y w h t  tie h d  written andwas perfips reluctant to 

shre  his wor(w'th the teadir. ?liew was no induatiorr diat he 

wehmed the he@ of the teadir andthere was no indication t f i t  the 

teadier wus r e a d y  tiis work to findout a6out w h t  he h d m ' t t c n .  

?he monitoriy s a d  to concentrate on ac.zuracy andnot on 

cnmmunication. 

~ e r h p s  this situation may h v e  been rnah uarse 6y thegeneral 
1 

amsphere of this sechorr of the hsoir - the students s i t t i y  'im'tiy 
and the teodier 'patroli?y" the c h s  t k e  an qamination ina2ihtor.- 

I t  was ako emphised6y the seatiy arrayemeitt and the position of 'Was it  agood t h i y ?  1 
I the teadier. By ht%y d i  students s i t t i y  in rows, the ody option for L -1 

d i  teadir is to lookover the sfio~rlder ofthe student. From diis 
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position it is impossi6bfor teadier to have eye contart with t h  
student and thus to ta& to him andas(a6out t / i  m'tiq, ?lie te& 

is a h  "ho@ng dorm" on t6e student, which q a i n  creates an 

atmusphere of superinn'q and "assessnu.nt". 

rf the students liad been sitting ingroups, or even in pairs, i t  may 

h v e  6een eacierfor thc teushr to ta& to the student and to fmve 

some eye contact, thfrs stressing that t / i  teadier is interestedin w h t  

t h  student is saying. 27% interest c~ltrfdako 6e signalidif& 

tc.achrfud6cen to t h  sidelinfiont o f &  student andhdsquattcd 

down to 6n'y h r  face at t h  same bvelas thut o f &  student.- 

TerFurp.~ & student w o u u  t h n  fief h s  intimidated and it would a h  

6e eusierfor t h  teushr to cofh6orate m'th t h  student in 

scaffo [ding his understanding anddevelbyiy l i i s  written a6ibq. ~t is 

important h t  t f i  purpose ofsush sections o f& &on s h d d 6 e  on 

devebpiy arrd f k k i q  & students to communicate effective4 in 

writing, a n d m t  on tt.<tiy A i r  m ' t t e n  a6ihy: tfiid+q a6out t h  

seating and t h  positiuning of t6e teaclw and & student is an 

important ebment in attainitg this aim. 

'U'ht are t f k  

imp(icatioiu 

for teading/ 

burning? V V h t  

a fternatives 

are there? 

W h n / h w  

can t h y  be 

a p  l id? 

what  

thurcticaf 

6ac@ound 

is t h e f u r  

my opinwm-? 
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Teaching Reading Comprehension 
in Lower Secondary: An Examination 

of the New English Syllabus 

Ng Chiew Hong 

Introduction 

The new English Language Syllabus 2001[primary and secondary] (Ministry of 

Education, 2001a) sets the directions for the teaching and learning of the English 

Language in Singapore for the new millenniun~. In 1997, PM Goh announced a 
"fundamental review of curriculum and assessment system to see how we can 
better develop the creative thinking skills and learning skills required for the 

future" (Goh, 1997). The syllabuses designed by the Curriculum Planning and 
Development Division, Ministry of Education, have been revised to incorporate 

the three MOE initiatives on Thinking Skills, Information Technology and National 

Education. 

Six principles of language learning and teaching underline the new English 
Language syllabus at both the primary and secondary levels: Learner Centredness, 
Process Orientatioil, Integration, Contextualisation, Spiral Progression and Interaction. 
These principles are translated into biennial lcan~inx outcomes to be achieved. 
Learning outcomes are defined as "the expected attainment targets ... which are 

specific, measurable, and/or demonstrable, attainable, relevant and time-referenced" 

(Ministry of Education, 2001a, p. 5). These are to guide teachers in their teaching 
approaches, lessons and curriculum materials so they can cater to learners' needs 

and abilities, as the learner is considered the centre of the learning process. 

To support the syllabus and provide additional guidance, the Curriculum 
Planning and Development Division (English Language) has also compiled the 
"Guide to the English Language syllabus 2001" [Primary 1-41 (Ministry of 
Education, 2001c) and "Guide to the English Language syllabus 2001" [Lower 
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Secondary] (Ministry of Education, 2001b). These Guides are sure to have a 

significant effect on the teaching of English Language, as teachers will refer to 
them closely, since approaches, skills and strategies are outlined in greater detail 

than in the new syllabus. 

This article will look specifically at the teaching activities and strategies 

prescribed in the lower secondary syllabus and Guide and consider the implied 
theoretical assumptions and the implications of these for teaching reading 

comprehension for lower secondary. 

Review 

Reading comprehension in the New Syllabus 

According to Tierney and Readance (2000), the basic goals of reading are "to 
enable children to gain an understanding of the world and of themselves, to 

develop appreciations and interests, to find solutions to their personal and group 

problems, and to develop strategies by which they can become independent 

comprehenders" (p. 318). They go on to say that the major goal of instruction 

should therefore be "the provision of learning activities that will enable students 

to think about and react to what they read - in short, to read for meaning" 

(Ibid). This view of reading emphasizes understanding, thinking and problem- 

solving; and this is the view adopted by the new syllabus. The Guide states: "In 

teaching for understanding, teachers have to explain to pupils how reading for 
meaning and understanding constitutes a problem-solving activity which 

requires readers to interact with their texts" (Ministry of Education, 2001b, 

pp. 4-19), and this involves using several reading strategies at the same time. 

The new emphasis on reading as a problem solving activity and the need for 

teachers to develop students' cognitive strategies for reading can be seen in the 

larger context of the MOE Thinking Programme for schools (launched in 1998). 

The Thinking Programme (Ministry of Education, 1999) adopts Marzano's 

Dimensions of Learning framework (Marzano, 1992) as its "heart". This frame- 

work represents an attempt to translate thirty years of research on the learning 

process into a practical model for curriculum, instruction and assessment 

(Ministry of Education, 1999, p. i). Core thinking skills to be developed are focus- 
ing, remembering, organizing, analyzing, generating, integrating and evaluating. Key 
strategies have been identified that facilitate the teaching of thinking - questioning, 
co-operative learning, and active learning. As part of the programme, students are 
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also taught the language of thinking, the establishing of positive attitudes and 
perceptions about learning, and the promotion of the habits of critical, creative 
and self-regulated thinking and learning (Ministry of Education, 1999, p. ii). 

It is interesting to see how the skills and strategies highlighted in the new 
syllabus and the Guide match up with the general thinking skills outlined by 
Marzano. To this end, a comparison has been between the stated Learning 
Outcomes (Ministry of Education, 2001a, pp. 3846) of the new syllabus and the 
skills/strategies in the Guide with Marzano's Dimensions of Learning and Core 
Thinking Skills (1992). The findings are represented in Table 1. 

The table reveals that the learning outcomes do match Marzano's thinking 
model fairlv closely, and that reading as "a problem solving activity" (Ministry of 
Education, LOOlb, pp. 4 1 9 )  is indeed conceptualized in the new syllabus, as the 
development of thinking skills. 

Reading Skills and Strategies as Thinking Skills 

At this juncture, it will be useful to look in some detail at tFe Guide, where the 
learning outcomes for teaching reading comprehension are translated into read- 
ing strategies. These include: using prior knowledge, making predictions, skinliningfor 
gist, skimming for details, making inferences, evaluating ideas, summarizing and self 
monitoring (Ministry of Education, 2001b, p. 4-2). What are the underpinning 
theoretical assumptions for these teaching strategies? Are thinking skills 
implicated here, too? 

According to the Guide, teachers are to show pupils how to "use background 
information, emotions, past experiences to predict/test/confirm/reject/modify 
their ideas as they read a text" (Ministry of Education, 2001b, p. 4 2 ) .  This activa- 
tion of prior knowledge has its theoretical basis in the schema theory. Questioning, 
K-W-L (What I Know, What I Want to Know, What I Learnt) and semantic map- 
ping are highlighted as strategies for activating students' prior knowledge 
(Ministry of Education, 2001b, p. 4-5). According to Marzano r t  al. (1988) K-W-L is 
a thinking strategy for teaching goal-setting which is subsumed under Focusing 
skills. Tierney and Readance (2000) also categorize K-W-L as one of the twelve 
reading strategies for the "improvement of reading comprehension and critical 
thinking, since the strategies focus upon "inside the h e a d  processes" (p. 318). 
Semantic mapping "activates pupils" prior knowledge of a topic and key vocabu- 
lary necessary for understanding a text (Ministry of Education, 2001b, p. 4). 
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Table 1. 
Learning outcomes as thinking skills. 

Dimensions of Learning 
and the core thinking skills 
(Marzano) 

ACQUIRING & INTEGRAT- 
ING KNOWLEDGE 
Focusing Skills 

ldentifying Objectives 
Defining the Problem 

Information Gathering 
Skills 

Formulating Questions 
Points of View 

Remembering Skills 
Associating 
Categorising 

Learning outcomes 
(MOE's new syllabus) 

Skills & Strategies 
(MOE's Guide) 

- - - - . 9.1. 9.2 & 9.3 - Solve problems . K-W-L- teaching 
imaginatively and creatively e.g. goai-setting (sub- 
identifying problems (pp. 4243) .  sumed under 

Focusing skiils) 

9.1, 9.2 & 9.3 - Give reasons to Directed-Reading- 
support a responselpoint of view1 Thinking-Activity 
an opinion (pp. 4243). (DRTA) . 9.1, 9.2 & 9.3 -Gather information 
using search options (e.g. subject, 
key words) (pp. 42-43). . l a  - Recall, talk and write about 
books read (p. 38). . 8.1, 8.2 & 8.3 - Recall information 
or details about descriptions, exam- 
pies, explanations, visuals, opinions. 
characters, events, selling (p. 41). 

EXTENDING AND REFIN- 
ING KNOWLEDGE 
Organizing . 9.1, 9.2 & 9.3 - List, sequence, 

Comparing compare, contrast, classify informa- 
Classifying tion (pp. 42-43). 

Analyzing Skills . 7b - Use reading strategies to con- . Summarizing 
Analyzing Parts 8 Whole struct meaning through using knowl- . Scanning for details 
Analyzing Patterns & edge of cohesive devices and text Questioning. 
Relationships organization (p. 40). 
Identifying Errors 79 - Use reading strategies to con- 

struct meaning through scanning for 
details (p. 40). 
8.1, 8.2 8 8.3 - Identify gisVmain 
ideas through using title, headings, 
sub-headings, key words, visuais, 
topic sentences, characters, set- 
tings, plot (p. 41). 
9.1, 9.2 8 9.3 - Organize, summa- 
rize and synthesize information 
using a variety of organizational pat- 
terns: sequence, comparison, con- 
trast, classification, cause-effect, 
chronology (pp. 4243). 

(Continued) 
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(Continued) 

Dimensions of Learning 
and the core thinking skills Learning outcomes Skills 8 Strategies 
(Marzano) (MOE's new syllabus) (MOE's Guide) 

. 9.1. 9.2 8 9.3 - Identify and 
analyse techniques used in different 
media to achieve a variety of 
purposes (pp. 4243) .  

Generating skills 7c - Use reading strategies to Making inferences 
Generating Possibilities construct meaning through using Questioning . Inferring: Induction contextual clues (pp. 40). Bloom's Taxonomy . Inferring: Deduction 8.1, 8.2 8 8.3 -Infer and draw Prediction 

conclusions about characters, their 
actions, motives, events, settings, 
culture, meaning, intention and 
meaning using contextual clues and 
prior knowledge (p. 41). 

Generating skills 7d - Use reading strategies to DRTA . Predicting construct meaning through using . Prediction . Random Triggers prior knowledge (p. 40). Wordsplash . Questioning Concepts . 8.1, 8.2 8 8.3 -Make predictions . Jumbled text 
SCAMPER about content, development of . Skim 
Elaborating ideaslstoryline using contextual ' Questioning 

clues and prior knowledge (p. 41). 

Integrating Skills 7a - Use reading strategies to Summarizing 
Abstracting construct meaning through using Skimming for gist 

visuals (p. 40). 
7f - Use reading strategies to 
construct meaning through skimming 
for gist (p. 40). . 9.1, 9.2 8 9.3 -Organize, summa- 
rize and synthesize information 
using a variety of organizational 
patterns (pp. 42-43). 
9.1. 9.2 8 9.3 -Abstract ideas1 
themes from a text (pp. 42-43). 
9.1, 9.2 8 9.3 - Establish a set of 
criteria for a specific purpose: to 
carry ouffevaluate a task (pp. 42-3). 

Evaluating Skills 9.1. 9.2 8 9.3 - Solve . DRTA 
Establishing criteria 8 problems imaginatively and ! Prioritising creatively e.g. identifying problems. 

generate and evaluate possible 
solutions and choose the best 
option (pp. 4243) .  

(Continued) 



126 Ng Chiew Hong 

(Cont~nued) 

Dimensions of Learning 
and the core thinking skills Learning outcomes Skills &Strategies 
(Marzano) (MOE's new syllabus) (MOE's Guide) 

Evaluating Skills 9.1, 9.2 & 9.3 - Evaluate informa- Evaluating ideas 
Verifying tion for reasonableness of ideas, 

truth, relevance, exaggeration or 
persuasive language. Evaluate 
sources of information for credibility. 
(pp. 42-3). 

USING KNOWLEDGE 9.1.9.2 & 9.3 - Solve problems DRTA 
MEANINGFULLY imaginatively and creatively e.g. . Decision-Making identifying problems, generate and . Creative Problem Solving evaluate possible solutions and 

choose the best option (pp. 42-43). 

HABITS OF MIND 7e - Use reading strategies to con- . K-W-L . Creative Thinking struct meaning through monitoring . DRTA . Critical Thinking and confirming understanding of Metacognition or 
Self-regulated Thinking texts read (pp. 40). Self monitoring 

SQ3R . Active 
Comprehension 
Three-Level Guide 

The Guide asks teachers to "emphasize (to students) that good readers 

constantly make predictions and revise them as they interact with their texts" 
(Ministry of Education, 2001b, p p  4-6). In teaching prediction, teachers are to use 

strategies like Wordsplash, jumbled text and DRTA. Marzano et al .  regard the skill 

of predicting as a special type of inference (1988, p. 100). In making predictions, 
the teacher generally has students predict in connection with skimming titles and 

subtitles, examining graphics and illustrations, or responding to introductory 

statements. These steps activate prior knowledge and help establish a purpose for 
reading (Marzano et al., 1988, p. 101). 

According to Marzano et al., making inferences is a thinking skill which 

"involve(s) using prior knowledge to add information to what is given" (1988, 

p. 97), and this is emphasized in the Guide. Summarizing can also be considered 
a thinking skill, as it "involves at least three cognitive activities - condensing 

information, selecting what is important (and discarding what is not), and 

combining original text propositions" (Marzano et al., 1988, p. 104). 
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The emphasis on thinking in reading comprehension is highlighted in the 

Guide by the fact that questioning seems to be the main strategy advocated for 

teaching the activation of prior knowledge, the making of predictions and infer- 

ences. Questioning is recommended at both pre-reading and post-reading stages. 
When used as a pre-reading activity, "questioning serves to draw out from pupils 

the concepts they currently have, the gaps in their knowledge and even their mis- 
information" (Ministry of Education, 2001b, p. 4-4). As a post-reading activity, 

questioning "helps pupils to clarify and confirm their understanding of the texts 

they read" (Ministry of Education, 2001b, p. 4-4). The Guide states explicitly that 
"Questioning and dialogue between teacher and pupil and between pupil and 

pupil constitute a critical element for creating and encouraging thinking. 

Questions that probe for thoughtful answers extend and deepen pupils' thinking" 
(Ministry of Education, 2001b, p. 4-4). In the Guide questioning based on Bloom's 

Taxonomy is highlighted as a strategy to be used for the making of inferences. 

Marzano et al. (1992) also see the importance of questioning in promoting infer- 
ence and analyzing skills. 

DRTA (Directed Reading and Thinking Approach) is another strategy 

recommended for teaching prediction. The Guide points out that DRTA can be 
used as pre-reading or during reading activities to: 

1 teach pupils reading skills such as literal, inferential and evaluative 
comprehension skills, 

1 model thinking processes for pupils, 

direct pupils' thinking as they read a text (Ministry of Education, 2001b, 

pp. 4-8). 

I 

According to Tierney and Readance (2000), DRTA is intended to develop 

students' ability to read critically and reflectively as it equips the reader with the 

ability to determine purpose for reading (i.e. establishing criteria); extract, 
comprehend and assimilate information; suspend judgments and make decisions 

! based on information gleaned from reading (p. 21). 

~ Even the term "Active comprehension" used in the Guide, under the auspices 
of "Self Monitoring", is based upon the premise that "Reading is a highly interac- 

tive process and good readers constantly ask questions and search for answers 
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before, during and after reading" (Ministry of Education, 2001b, pp. 4-20). The 

type of questioning suggested here is "self-questioning" which "makes readers 
think further about what they have read and helps them to understand their texts 

better" (Ministry of Education, 2001b, pp. 4-20). 

Metacognitive "self monitoring" is now seen as an important strategy in the 

teaching of reading for understanding. Marzano (1992), refers to this as this as "being 
aware of your own thinking" (p. 133). The Guide stresses that "Good readers 
constantly apply self-monitoring strategies such as reading aloud, re-reading and 

reading on to modify their interpretations of a text" (Ministry of Education, 2001b, 

pp. 4-19). Survey, Question, Read, Recite and Revise (SQ3R); Active Comprehension 

and Three-Level Guide are approaches designed to develop these strategies. 

From this survey it should be obvious that the skills and strategies recommended 

in the Guide promote reading as a thinking-focused activity. Even the strategies of 
skimming for gist - to help readers identify the main ideas or obtain an overview 

of a text on their first reading (Ministry of Education, 2001b, pp. 4-9) - and 
scanning for details to locate specific information (Ministry of Education, 2001b, 

pp. 4-10) can be subsuked under Marzano's generating and analyzing skills 
respectively. Marzano (1992) deems Self-Regulated Thinking, Critical Thinking and 

Creative Thinking as "attitudes and perceptions" which will permeate virtually 

every academic task students undertake (p. 134), and that "virtually all of the 
extending and refining activities are under critical thinking" (p. 134). 

Discussion 

Given the bias towards thinking, teachers implementing the new syllabus for 

reading comprehension need to have a strong grounding in the teaching of think- 

ing skills. Teachers are also required to have an understanding of reading theories 
and strategies for their teaching, as the new syllabus is advocating the use of a 

range of strategies. If the new syllabus is to be successfully implemented, we need 
to find out if teachers have the requisite skills or strategies and knowledge, and 
whether their beliefs about the teaching of reading match their actual teaching 

practices, or pedagogy. Besides, with the change in the syllabus, teachers now 
have to independently decide on the textbooks to be used. To make wise choices, 
teachers need good knowledge of the thinking and reading strategies delineated 
in the new syllabus and the Guide. 
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If teachers have not been trained to utilize reading strategies effectively, one 

solution might be to follow Farrell's suggestion (2001) and have "follow-up-in- 

service courses that focus in a practical way on how to implement reading strate- 
gy instructions to give teachers a fuller understanding and enhanced skills in 
implementing strategy instruction" (Farrell, 2001 p. 642). 

Another approach to In-service training is Cochran-Smith and Lytle's 

knowledge-of-practice approach. This entails professional sharing through formal or 
informal discussions, seminars and workshops where "teachers, invariably in 

community settings, construct their own knowledge of practice through deliber- 

ate inquiry, which may well involve ideas and experiences that emerge from their 

own practice as well as those codified as formal knowledge within the profession" 

(cited in Hoffman & Pearson, 2000, p. 37). 

As Farrell (2001) reminds us, "strategy instruction for reading comprehension 
takes time" (p. 643). However, if the principle of spiral progression is implemented 
faithfully, i.e. if reading skills and strategies are 'taught and revised at increasing 

levels of difficulty and sophistication' (Ministry of Education, 2001a, p. 4), teach- 

ers will be reinforcing the suggested strategies through repetition, and this will 

have a positive impact on students' acquisition of the reading strategies. 

Pre-service training also has to take into account the need to teach reading for 

thinking too. For example, Post Graduate Diploma in Education (PGDE) teacher 
trainees are taught "reading theories and teaching strategies and concepts such as: 
schema theory, the role of prior knowledge, psycholinguistic theory and reading, 

metacognition and self-monitoring techniques, text structure, techniques to 

promote the use of effective strategies, vocabulary teaching, actual lesson plan 
writing and critiquing" (Farrell, 2001, p. 642). Top-Down/Bottom-up processing, 

skimming, scanning, prediction, and jigsaw reading also feature in the course. 

These strategies are highlighted in both the syllabus and the Guide. 

Despite the positive emphasis in the new syllabus on enabling students to be 
active thinking readers, there is a noticeable lack of emphasis on aesthetic reading. 

While reading for literary response is given as one of the three areas of language 
use, the syllabus clearly emphasizes efferent reading - when readers adopt a stance 
in which they are concerned with what information they can "take away" from the 
reading (Wilhelm, 1997, p. 20). This is a functional kind of reading, different from 

aesthetic reading - where the stance is maintained for the purpose of "living 
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through" (Rosenblatt, 1983, p. 38) an experience that is enjoyed while reading. In 

fact only two of the learning outcomes deal with affective reading and they are: 

Learning outcomes 7 -a) Respond to a variety of texts and demonstrate a pos- 
itive attitude towards reading and language b) Enjoy the creative use of 
language e.g. puns and metaphors c) Respond creatively and imaginatively e.g. 
recreate a text from a different perspective. 

Teaching for affective responses is certainly an area to be further explored and 
emphasized. This is where the Literature curriculum for lower secondary can play 
an important role to encourage reading for affective responses. 

Conclusion 

The learning outcomes, skills and strategies delineated in the syllabus for reading 
comprehension are clearly focused on thinking development. Indeed the syllabus 
apparently highlights what Dole, Duffy, Roehler and Pearson (1991) have termed 
as "general processes of keading: determining importance, summarizing informa- 
tion, drawing inferences, generating questions, and monitoring comprehension" 
(Dole, Duffy, Roehler, and Pearson, 1991). The major focus of the new reading 
curriculum is encapsulated by Tierney and Readance (2000) who express the view 
that the major goal of reading instruction is "the provision of learning activities 
that will enable students to think about and react to what they read - in short, to 
read for meaning" (p. 318). To achieve this goal, the language learning outcomes 
and to promote thinking skills, teachers indeed need to develop a repertoire of 
strategies to enhance thinking and reading comprehension skills. 

Implications 

1. To implement the new reading curriculuni, teachers need to hn\.e a strong 
gnwnding in the tea$& of thinking skills as well as an undcr.jtanding 
of reading theories and strategies (as retlccted. in Table 1). They have to 
shift from a product-kocused approach to strategies anil procrs5es. 

I 
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A Strategic Approach to Teaching Reading 

Thomas S. C. Farrell 

Introduction 

Reading has been described as what happens when people look at a text and 
assign meaning to the written symbols in that text (Aebersold and Field 1997, 

p. 15). But what makes a reader understand a text, the words in the text or what 

the reader brings to the text? 

The answer is a bit of both: meaning is created when the reader interacts with 

the text. Models of reading in a first language have been created to describe this 

interaction between reader and text, and what happens when people read. The 

three main models of how reading occurs are Bottom-up theory, Top-down 
theory and the Interactive school of theorists. These models have also been used 
to describe how reading in a second/foreign language occurs. 

The goal of most second/foreign language reading programs is to turn "learn- 

ing to read" into "reading to learn" (Carrell, 1998). Although Singapore has 

students who read English as a first language, the schools also have students who 

read English as a second and a foreign language. In fact, it can be said that many 
beginning and reluctant first language learners learning to read use similar 

methods to second/foreign language learners. 

How then can teachers of second language reading help students overcome 
some of the problems of learning to read and motivate and transform a hesitant 

reader into a strategic reader who reads to learn? For example, often beginning 

second language readers plunge into a text and, when they meet a difficult word, 
or confusing paragraph they cannot understand, their reading grinds to a halt. 

Reading then becomes "painful, boring, no fun, and too difficult", as some begin- 
ning second language readers have sometimes commented. Before deciding on 
what kind of reading instruction to offer students, it is essential for reading 
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teachers to have a clear notion of what reading is. This paper focuses on what is 

involved in the reading process by examining (briefly) three popular models of 
how reading occurs. Implications for the teaching of reading are discussed. 

What is reading? 

What do people do when they have to read? Do they use their previous knowledge 
and experience of the topic when trying to understand the meaning of a passage? Or 

do readers depend on the text itself for information on a topic? One model of 

reading, called the Top-down model, argues that readers bring prior knowledge and 

experiences to the text and that they continue to read as long as the text confirms 

their expectations. This top-down process can be explained as follows: the reader 

first looks at a passage or a text. Then he/she guesses about or predicts what the text 
will be about (based on their prior knowledge and experience of the topic) after 

reading the title, the headings and sub-headings. The reader then continues to read 

the text seeking confirmation about the topic based on their prior knowledge of that 

topic. So readers fit the text into knowledge and experiences they already hold. 

A second model of how reading occurs, called the Bottom-up model, suggests 

that a reader reads the words and sentences and looks at the organization of the 

text (without relating it to experience or prior knowledge) in order to construct 

meaning from what was written in the text-meaning depends both on knowl- 

edge of vocabulary plus syntax. The bottom-up process can be explained as 

follows: when we read, one thing we do is extract the propositions from the text. 

How? By chunking the sentences into constituents and constructing the proposi- 
tions from there. Comprehension then depends on the propositions we have 

extracted which serve as the basis of what we understand and recall (Richards, J. C., 
personal communication). 'This is the opposite of the top-down approach; instead 
of working from meaning to text (top-down), this model has a reader working 

from text to meaning (with a focus at word and sentence level). 

A third model of how reading works, called the Interactive model (Stanovich, 

1980), argues that both top-down and bottom-up processes occur when a person 

reads a text. Figure 1 outlines how this interactive process may work for fluent 

readers. 

Figure 1 outlines the steps a fluent or mature reader may follow when reading a 

text using an interactive approach: 
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Top-down : Experience 
Prior Knowledge 

Comprehension 1 
Bottom-up : Words 

Sentences 
Grammar 
Text 

Fig. 1. Reading as an interaction between top-down and bottom-up models. 

(i) Hypothesize or predict: Good readers begin by predicting what the text will be 
about. For example, when reading the newspaper, we know that a particu- 
lar item is about sports because it occurs in the sports section, we use the 
headline to predict or guess what the article will be about and, if it interests 
us enough, to continue reading. 

(ii) Sample the text: Good readers then actively pick words that fit these guesses. 
They do not spend time on function words such as'the, of. 

(iii) Continue the cycle of predicting and sampling as long as the text poses no 
difficulty. When there is a problem (for example, an unknown word), the 
reader will ignore the problem. This continues until the problems accumu- 
late to the point where the reader realizes that the prediction was wrong and 
comprehension breaks down. 

(iv) When comprehension breaks down, the reader frames a new hypothesis 
and restarts the cycle of predicting and sampling. 

Differences between First and Second Language Reading 

So far the discussion of the reading process has focused on the nature of reading 
in a first language. However, there are some important differences between read- 
ing in a first language and learning to read in a second/foreign language. Grabe 
(1991) suggests that second/foreign language readers, especially adults with 
previous experiences, world knowledge and more developed cognitive abilities, 
begin reading in the second/foreign language with a different knowledge base 
than when they started to read in their first language. Adult second/foreign 
language readers also have more developed metacognitive abilities and may be 
more highly motivated to succeed in reading in the second/foreign language. 
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Aebersold and Field (1997, pp. 23-24) have conipiled a list, briefly outlined 

below, of factors that may influence reading in a second/foreign language (for a 
more complete discussion, see Aehersold and Field, 1997, pp. 21-34). These are: 

Cognitive development and learning style orientation at the time of begin- 
ning second/foreign language study-the reading strategies of a 6-year-old 
learning to read in a second/foreign language are quite different from those 
of a 20-year-old learning to read in the second/foreign language in terms of 
world knowledge and reading strategies acquired in the first language. 
Language proficiency in the first language-readers with higher levels of pro- 
ficiency in their first language are more able to transfer reading skills from 
their first language to their second/foreign language proficiency. 
Metacognitive knowledge of the first language structure, grammar, and 
syntax-learners who are more able to describe and discuss rules of their own 
language appear to be more proficient at improving their second/foreign 
language reading processes. 
Language proficiency in a second/foreign language-second/foreign 
language students need to have attained certain levels of proficiency in the 
second/foreign language in order for their reading to improve. A reading 
teacher's first step is to assess this level of proficiency for selection of appro- 
priate materials. 
Degree of difference between the first language and a second/foreign 
language-the greater the differences between the first language and the 
second/foreign language (writing systems, rhetorical structures, appropriate 
strategies), the more difficult it is to acquire a high level of reading proficiency 
in the second/foreign language. 
Cultural orientations-attitudes towards text and purposes for reading; types 
of reading skills and strategies used in the first language; types of reading 
skills and strategies used or appropriate in the second/foreign language; 
beliefs about the reading process (use of inference, memorization, nature of 
comprehension); knowledge of text types in the first language (formal 
schemata); background knowledge (content schemata) all influence success in 
reading in the second/foreign language. 

Some second/foreign language reading researchers (e.g., Nunan, 1991) have sug- 

gested that second/foreign language readers may have a tendency to rely on top- 
down aspects of reading comprehension because they do not understand the 

vocabulary (words) in the text. This top-down view of how reading occurs in a 

second/foreign language is very much in vogue today. However, Paran (1996) 
has remarked that good readers may not rely on hypothesis formation and 
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prediction as much as is commonly thought. Visual input and bottom-up 

processing during reading may be of greater importance than first thought. Paran 
(1996, p. 29) has observed that second/foreign readers may rely more on context 

and guessing because the second/foreign language reader "has to compensate for 
the lack of good linguistic skill." As a result of this, one of the goals of second/ 

foreign language reading instruction, according to Paran (1996), would be to 
enhance the readers' bottom-up skills. Paran (1996, p. 29) continued: "When L2 

[second/foreign language] readers become more efficient, they need to rely on 

context support less and less." This observation may make sense because when 

first language readers read a text they have, as Eskey (1988) has observed, already 
acquired automatic word identification that requires no conscious cognitive 
effort. However, this automatic recognition of words does not happen for 

second/foreign language readers, especially beginners. Therefore, it seems logical 
that exercises be provided in order to compensate for this deficiency. Paran (1996) 

has suggested that word recognition exercises be incorporated in a reading pro- 

gram for beginning readers in a second/foreign language that encourage devel- 

opment of these automatic processes. 

Beginning second/foreign language readers often become more focused on 

individual words (bottom-up) than would more fluent r6aders until they have 
built up a critical mass of language knowledge (Grabe, 1986). However, by rely- 

ing on the text for meaning, these beginning readers may not always make suc- 

cessful interpretations allout the author's intended meaning. This is because the 
writer of the text may have made certain assumptions about the background 

knowledge a reader will bring to the text. 

One of the best definitions of reading that I have seen is the following: 

Reading is the process of constructing meaning through the dynamic inter- 

action among the reader's existing knowledge, the information suggested by 
the written language, and the context of the reading situation (from: 

Anthony, H. Pearson, P., & Raphael, T. (1993, p. 284). 

It really sums up all of what is presented in this article about the reading 

process. The reading process involves the reader in actiut3 (my emphasis) interaction 
with what is presented in the text. The reader brings important past experiences to 
the text, and encodes the meaning of the text based on his/her prior experiences. 
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Discussion 

Teaching Method Example 

A major problem less skilled readers have while reading is that they do not often 
engage in comprehension monitoring. That is, they do not notice that they do not 

understand what they are reading. Consequently, these less skilled readers 

should take a more strategic approach to reading. This section outlines one activ- 

ity (see Farrell, 2002, for more activities) that teachers of second/foreign language 
reading can use when teaching these strategies to their students. 

Predicting 

Prediction is linked to the strategy of activating prior knowledge. Prediction cre- 

ates anticipation and gets students thinking about previous experiences they may 
have had about the topic before they read about it. Research has shown that good 

readers use prediction as they continue to read into a story by seeking to confirm 

or adjusting earlier made intuitions about the topic. So, prediction works before 
and while reading. . 

Prediction asks students to guess what will happen next in the story (from 

chapter headings, and sub-headings). Prediction involves the readers in active 

interaction with the text by making them think about what they have read and 
what they will read next. 

The following steps may be useful for teachers to consider when designing 

exercises/activities for prediction: 

Step 1: Prepare a text on the overhead projector 
Step 2: Show the students the title/picture/first line/first paragraph. Have 
students predict what the text is about or what is going to happen next (nar- 
rative). Teachers can use questions such as "What do you think this text will 
be about? Why? Can you support your statement?" The purpose is not to get 
the correct answer but to encourage student thinking and participation. 
Teachers then write student responses on the board and then show the next 
section (on the OHT) to confirm or reject student responses. The teacher 
checks the students' responses. 
Step 3: The teacher repeats the cycle of Step 2. 

The purposes of training students in using prediction are as follows: it motivates 
the student, it increases comprehension, it helps students to share peer knowledge/ 
reasoning processes and it gives responsibility of comprehension to the students. 
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! 

i 
Prediction is a strategy used throughout the reading process (pre-, during- and 

post-reading). The procedure includes using the cover of the book, chapter head- 

I ings, using past knowledge, and using the text. Pre-reading activities include hav- 
ing the students guess what will come up in the lesson based on their prior expe- 

1 riences with the topic. During-reading prediction procedures have the students 

I use the text itself, and any pictures or illustrations that confirm (or adjust) predic- 

I tions made during reading. Post-reading prediction procedures include having 

students make adjustments based on their reading of the text. At this post stage 

the students confirm (or adjust) predictions made before the reading. In this way, 

I pre-, during- and post-reading activities are linked together to give a coherent 

understanding of the text. 

Sections of this paper first appeared in Farrell, T. S. C. (2002). Plrrnning Lessons for 
a Reading Class. Singapore: SEAMEO Regional Language Centre. 
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Data-logging in Practical Science 

Wan Yoke K u n ~  and  Toh Kok Aun  

Introduction 

Data-logging refers to a technique that uses electronic-based devices to collect, 
record, store and process physical measurements over time. In line with the 

launch of IT Master plan in 1997 by MOE, all schools and junior colleges in 

Singapore have recently been equipped with the hardware and software tools for 
data-logging. Schools have been given curriculum materials such as Teacher's 

Laboratory Manuals and student worksheets on data-logging activities for the 

various science subjects. To encourage the use of computer technology for data 
acquisition and analysis in teaching, science teachers have been invited to attend 
training workshops on the basic skills and knowledge of conducting data-logging 

experiments. Furthermore, the use of data-logging experiments in teaching cer- 

tain topics has been stipulated by MOE in the current Science Syllabuses. 

Despite all the support given to date, data-logging remains under-used in the 

classroom and has not yet been adequately integrated into the science curriculum 

in many schools. The reasons for this slow progress are many and may vary from 
school to school. However, keys obstacles to progress are possibly the teachers' 

relative lack of competence in using the equipment, lack of technical support 
within the schools and limited understanding of how data-logging can benefit the 

teaching and learning of science. 

This article aims to highlight some of the benefits of data-logging in practical 

science as identified by recent research studies. The implications for teachers 
using the data-logging approach will also be discussed. 

What is Data-Logging? 

In practical science, data-logging is about collecting and processing numerical 
data using electronic-based devices. This involves three basic devices: 
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The sensor. 

Sensors detect changes in the physical properties o f  the environment or the exper- 
inxental settings. For example, a temperature sensor detects temperature changes, 
while a light sensor detects changes in light intensity and a heart rate sensor mea- 
sures pulse rate. Sensor readings are converted into voltage signals that are rec- 
ognized b y  the computer interface. 

T h e  data-logger or computer interface, 

T h e  conxputer interface consists o f  a microprocessor and a storage unit. T h e  inter- 
face takes readings f r o m  the sensors and can b e  programmed t o  record data in 
various modes such as automatic or remote logging. T h e  readings m a y  be tem- 
porarily stored i n  the interface and later transferred t o  the computer for process- 
ing. Alternatively, the readings m a y  be transferred to  the computer for on-line 
display while they  are being collected. 

T h e  computer w i t h  appropriate software. 

Appropriate software, which can interpret the signals f rom the interface, has to  be 
installed i n  the con~puter .  This manages the storage, display, processing and analy- 
sis o f  data. T h e  data can b e  displayed in a suitable format such as table or graph o n  
the screen and/or  printed o n  paper b y  a printer connected to  the computer. 

T h e  diagram below illustrates the set-up o f  a data-logging system: 
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How is Data-Logging Different from Conventional 
Approaches to Practical Science? 

The differences between data-logging and conventional approaches to practi- 
cal science activities can be illustrated by laboratory work that investigate the 
cooling of water. In the conventional approach to this experiment, students 

use a thermometer to record the temperature of a fixed volume of water at reg- 

ular intervals. They read temperatures from the thermometer and record the 
readings until sufficient data are collected over a fixed period of time. The data 

collected are then organized in an appropriate format for interpretation. 
Students often d o  this by plotting graphs manually after the experiment. 

To complete the investigation, students interpret the graphs and formulate a 

conclusion. 

In the data-logging approach, the temperature of the water is measured and 

recorded autonxatically by a temperature sensor connected to a data logger. The 
readings can be displayed instantaneously if the data logger is linked to a 

con~puter. In other words, the students can see directly from the computer screen 
the plotting of the experimental data as a graph while the readings are being 

captured. Thus, they are freed from the tediousness of collecting, recording and 

plotting data manually; the argument being they can more beneficially use their 
time for interpreting the data. 

The technical features of the data-logging approach to science practical can be 

summarized as follows: 

Experimental readings are collected and recorded automatically by appropri- 
ate sensor(s). The sampling rate of the sensors can be calibrated to allow read- - - 
ings to be taken at very short (e.g. one or two seconds) or very long (e.g. one 
or two hours) intervals. The readings taken are more accurate as automatic 
collection of data eliminates the human factor of inconsistency and error 
that may occur in the manual handling of equipment and reading of 
measurements. 
In on-line data-logging, data can be displayed invarious formats such as tables 
or graphs while it is being collected. 
Data processing is speedily handled by data-logging software. Calculation 
and analysis of large quantities of data can be performed speedily and accu- 
rately using the various statistical functions and special features 
provided by the software. 
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Review 

What are the Benefits of Using 
Data-Logging Approaches to Practical Science? 

A positive effect of data-logging on practical science as identified by Rogers and 
Wild (1994) was that students using data-logging spent more time discussing and 

evaluating their results compared with students using conventional measuring 
methods. In a conventional practical, students spend the bulk of their lesson 
time setting up equipment, recording data, processing data and plotting graphs. 

While these activities have their place in practical science, processes such as the 

interpretation and evaluation of collected data, discovery of patterns and trends 
in data are essential for the development of scientific investigation skills. Data- 

logging frees valuable time for students to evaluate their data and to try new 

investigations based on their findings. 

A further study by Rogers and Wild (1996) supported their earlier finding that 

the pattern of student activity in practical science shifted the emphasis from 

preparing, measuring and reporting to observing and discussing, when data- 
logging was used. However, their later study also showed a greater time spent 

off-task for the groups of students using data-logging. This suggests that the time 

saved from not having to collect data and plot graphs manually may not always 

be used productively. It is therefore up to the teacher to find ways to engage the 
students once they go off-task. 

The risk of students being disengaged with their experiment was also reported 

by Newton (1997). His observations of novice students using data-logging reveal 

that students can passively watch the logging of data and the graph display on the 
computer screen without engaging in activity related either to the graph or data. 

He found that while some students were able to describe patterns of the real-time 
graphs, they had difficulties in identifying important features of their own graph 

and relating them to their experiments. 

However, a more in-depth look at the transcripts of talk during the data- 

logging task indicated that the quality of the students' talk about the data improved 
with discussion with the teacher. A similar finding had also been highlighted by 
Barton(1997). By skillful questioning, the teacher had helped the students to use 

scientifically acceptable terms in verbal descriptions of graphs and to think more 
critically about their data. Thus the role of teacher intervention is critical in medi- 
ating students' interpretation of real-time graphs and exploration of data during 
data-logging tasks. 



Discussion 

Data collection and real-time graph display using data-loggers can be regarded as 
a starting point for exploring and thinking about the data. This is in contrast with 

the tendency of a conventional practical to regard the graph as the end product of 
an investigation. Rogers (1997) presented examples of investigative experiments 
which exploit the data-logging software for scientific enquiry. The software pro- 
vides opportunities for working interactively with the data and immediate feed- 
back of results as an investigation progresses. The calculating and analyzing func- 
tions of the software are able to display readings of maximum, minimum and 
mean values as well as gradients for rate of change in a variable. Thus students 
can readily manipulate their data to probe and test a hypothesis. 

The use of data-logging in promoting scientific investigation skills had also 
been suggested by Barton (1993). Because of the relative ease with which experi- 
mental data is captured and analyzed with data-loggers, students can manipulate 
the parameters of experiments, set new hypotheses and re-run their experiments 
to .test their hypotheses. These processes facilitate an investigative approach to 
practical work and foster scientific inquiry. 
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Conclusion 

Research studies have shown that data-logging can extend the way students 
approach their experimental investigation and enable greater learning depth 

from practical science. As Rogers (1997) puts it, "The chief value of data-logging 

to practical science resides not in the process of automated data-gathering but in 
the processes of analyzing and interpreting the data". Effective use of data-log- 

ging will promote students' acquisition of scientific inquiry skills which is one of 
the key objective of the school science curriculum. 
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