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In this study, the researchers developed the Web-based
Probability Explorer (WPE), a mathematical microworld and
investigated the effectiveness of the microworld’s constructivist
learning environment in enhancing the learning of probability
and improving students’ attitudes toward mathematics. This
study also determined the students’ satisfaction with the
microworld’s features. The study was conducted with a quasi-
experimental, non-random pre- and post-test static group
research design. The samples of the study consisted of 52
students from two secondary schools in Kuching, Sarawak,
Malaysia. The findings showed that students’ learning of
probability was enhanced after interacting with the WPE. Their
attitudes toward mathematics were also slightly improved. The
students were satisfied with the features of the WPE.

Introduction

Despite various reforms and innovations in the teaching and
learning of mathematics, generally, Malaysian students are still weak
in mathematics. Furthermore, the phenomenon of mathematics
anxiety is still prevalent among them (Rahmah bt. Murshidi, 1999).
Some educators have posited that technology can play an important
role in improving students learning of mathematics (Ferbar &
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Trkman, 2003; Godwin & Sutherland, 2000; Hoyles & Sutherland,
1999; NCTM, 2000; Stager, 2004) and in fact research has shown the
potential of microworld as a learning environment that encourages
and motivates learners to learn through actively interacting with
real-life experiences (Alpers, 2002; Edwards, 1998; Noss & Hoyles,
2003).

Microworlds are computer-based learning environments in
which the learners do not simply respond to predetermined
questions, but actually control when and how events will happen
(Papert, 1980). Some studies have shown that microworlds can
improve learning and understanding of mathematical content
(Hoyles, Noss, & Adamson, 2000; Jiang & Potter, 1992; Noss, Healy,
& Hoyles, 1997; Sinclair, Zazkis, & Liljedahl, 2003).

Purposes of the Study

In this study, the researchers developed the Web-based Probability
Explorer (WPE), a Web-based mathematical microworld and
investigated the effectiveness of WPE in enhancing probability
learning among secondary school students and tested whether the
use of the microworld could improve the students’ attitudes toward
mathematics. The study also looked at the students’ satisfaction with
the features of the microworld.

Research Questions
The specific research questions to be investigated in this study were:

1. Could the microworld learning environment enhance the
students’ learning of probability?

2. Could the microworld learning environment improve the
students’ attitudes toward mathematics?

3. Would the students be satisfied with the features in the
microworld?
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Review of Related Literature

Pedagogical Considerations in using ICT in Teaching and
Learning

Psychologists and educational researchers, building on the
pioneering work of Jean Piaget, came to the understanding that
learning is not simply information transmission; they believed that
“people don’t get ideas, but they make them” (Resnick, 2001).
Discussions and interactions between students, peers and teachers
are vital in developing mathematical ideas and understandings.
Students are required to discuss ideas, test things out and listen to
how other students arrived at solutions (Barney, 2001; Becta, 2003;
Hoyles, 2002). When students communicate their results orally or
in writing, they learn to use the mathematical language clearly,
convincingly and precisely. Learners use their own stories,
metaphors and analogies when discussing abstract and complex
ideas. They develop their own understanding when participating
and listening to peer’s explanations (NCTM, 2000).

Jonassen (1994, p. 35) states, “Social constructivists believe that
meaning making is a process of negotiation among the participants
through dialogues or conversations”. Peer discussions make ideas
visible to others in the class and give learners opportunity to relate
to their prior experience (Dalgarno, 2001). Hence, while using
Information and Communication Technology (ICT) for modelling
mathematical ideas and strategies, teachers should stimulate
discussions among students, invite students to make predictions
and interpretations of what they have seen and encourage the
individual student to give instructions or responses.

Social constructivist learning environment requires teachers to
act as facilitators, providing materials and guiding students to focus
on situations that will foster students making the necessary mental
constructions. However, teachers who shaped the technology-
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mediated learning opportunities to the students require a substantial
understanding and familiarity with a range of ICT resources as well
as the appropriate skills to successfully integrate them into their
mathematics teaching (Thompson & Kersaint, 2002). The effective
use of ICT enables students to focus on reasoning rather than on
the answers, develop significant mathematical strategies and
connect mathematical ideas with the real world (Becta, 2003).

In this learning environment, students are no longer passive
knowledge receivers, but actively constructing their mental model
through exploration and engagement with activities in the
constructivist learning environments (Jonassen & Carr, 2000; Papert,
1984). Learners are in control of the learning tools of knowledge,
engaging in social interaction and eventually realising the concepts
in a constructive representation mode (Li, 2001).

In the constructivist learning environment, the role of technology
shifts from the technology-as-teacher to technology-as-partner
(Jonassen, 1999). Technology acts as tools to support knowledge
construction, as an information vehicle for exploring knowledge
and as a context to support learning-by-doing. Technology is used
as knowledge construction and representation tools, which facilitate
students to learn with technology rather than learn from technology
(Jonassen, 1998). Technologies function as intellectual partners of
the students when they are used as mindtools, of which microworld
is an example (Jonassen, Peck, & Wilson, 1999).

What is a microworld?

Papert (1980) uses the term microworld to describe a computer-
based learning environment in which the learners do not simply
respond to predetermined questions, but actually control when and
how events will happen. Microworld often uses images to represent
a concept (semantic, icons), which can be directly manipulated by
the learner on the screen with a mouse click or point (Kearney, 2001).

46




JOURNAL OF SCIENCE AND MATHEMATICS EDUCATION IN S.E. ASIA Vol. 29, No. 2

Microworld is an exploratory learning environment or discovery
space where learners can navigate, manipulate or create object, and
test their knowledge (Jonassen, 1998; Jonassen, Carr, & Yueh, 1998).
Students learn by doing instead of just watching or listening to the
description of the domain knowledge (Lawler, 1987). Students
bridge their prior knowledge and what they are about to learn when
they actively interact with the microworlds to solve real-life
problems. In other words, they are built based on the theory of
constructivist learning environment (CLE) or discovery learning
environment (Jonassen & Rohrer-Murphy, 1999).

Microworld has “its own set of tools and operations that are open
for inspection and change” (Hoyles et al., 2000, p. 2). The best
microworlds are those with an easy-to-understand set of operations
that enable the learners to engage the tasks that are of value to them
and in the process come to know the powerful underlying principles
(diSessa, 2000). Edwards (1998, p. 66) suggests the following features
of microworld learning environments:

(a) a set of “computational objects....created to reflect the
structure of mathematical ... entities within some sub domains
of mathematics...”,

(b) a linkage between “more than one representation of the
underlying mathematical or scientific entities or objects”
(external multiple representations in different forms such as
symbolic, visual or graphics, sound and motion),

(c) a possibility to construct new objects from existing object
(synthetic and constructive activities), and

(d) asetof activities, “in which the user is challenged to use the
entities and operations to reach a goal, solve a problem,
duplicate a situation or pattern and so forth”.
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Use of Technology and Students’ Attitudes Toward
Mathematics

Students, who are anxious, bored, fearful, or who simply believe
that mathematics is unimportant, are often likely to avoid the study
of mathematics (Furner & Berman, 2001). Anxiety towards a subject
may affect the learning process (Fennema-Sherman, 1976).
According to Gardner (1997) and Ferbar and Trkman (2003),
technology and computer could possibly bring positive changes in
students’ attitudes toward mathematics. Digital technology is useful
in creating an interactive and playful environment such as
simulations, microworlds and games, which attracts learners’
attention and consequently make them interested in learning the
content (Rieber, 2005).

Methods

This study used the non-randomised pre- and post-test static group
of quasi-experimental research design. The independent variable
in the study was the WPE microworld learning environment while
the dependent variables were the students’” mathematics
achievements and students’ attitudes toward mathematics. The
treatment group of this study consists of 52 students from two Form
Four Science classes randomly chosen from two secondary schools
in the city of Kuching, Sarawak, Malaysia. The students were co-
educational (male and female) and of multi-ethnicity (Malay,
Chinese and Natives of Sarawak). They have not learnt the topic of
probability before the treatment was conducted.

Research Instruments

The instruments of this study were the probability microworld
(WPE), probability pre-test (PRETEST), probability post-test
(POSTTEST), mathematics attitudes questionnaire (ATTMATH) and
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a rubric for evaluating the microworld (MWRUBRIC, modified from
Dodge (2001)).

The PRETEST and POSTTEST were identical in the format of
the questions (multiple-choice questions), content tested, levels of
taxonomy and number of questions. However, the sequencing and
the numerical values/ sentence structure of the questions were
modified. Both tests were based on the Malaysian Form Four school
syllabus for the topic of probability and covered various Bloom’s
taxonomy levels (knowledge, comprehension, application, analysis,
synthesis, and evaluation). The multiple-choice questions format
was chosen for the tests because the answers were unambiguous
and it was the examination format used in the KBSM’s (National
Integrated Secondary School Curriculum of Malaysia) mathematics
curriculum. Three mathematics teachers validated the PRETEST and
POSTTEST and the research instruments was pilot tested with 71
Form 4 Sciences students who were not involved in the actual study
resulting in Cronbach Alpha value of 0.797.

The ATTMATH (adopted from Liau & Arellano, 2003) consisted
of twenty items each with five choices (“strongly agree”, “agree”,
“undecided”, “disagree”, and “strongly disagree”) to indicate the
extent to which the respondent agreed or disagreed with each
statement. Each response was given a value of 1 to 5, with 1
indicating a more positive attitude towards mathematics while 5
indicating a more negative attitude towards mathematics. Areas of
measurements include the importance of mathematics, enjoyment
of mathematics, and worthiness of time and money invested in
mathematics research. The ATTMATH questionnaire was pilot
tested with the same 71 students, yielding Cronbach’s Alpha value
of 0.877.
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The WPE Microworld

The WPE fulfilled the basic characteristics of a microworld as
suggested by Edwards (1998). It was designed in the Web-based
environment due to the flexibility of development, interactivity,
extensibility and extensity (Richard, 2005). The WPE incorporated
content and learning scope of sample space, events and probability
of an event as required in the Malaysian Form Four mathematics
syllabus. The WPE consisted of four microworlds for investigating
the probability concepts using the dices, coins, marbles and spinners
(Figure 1).

Figure 1. The WPE microworld.

Some appropriate multimedia elements such as animated,
colourful 2-dimensional and 3-dimensional graphics were added
in the microworld aimed at stimulating the students to learn through
play and exploration. Multiple representations (Alpers, 2002;
Edwards, 1998; Goldin & Shteingold, 2001; Healy & Hoyles, 1999;
Noss & Hoyles, 1996; Jonassen, 1999; Jonassen & Carr, 2000; NCTM,
2000) were incorporated in the microworld such as the tree structure
representation (Figure 2) and dynamically linked data
representation in tabular form (Figure 3(a)) and graphical bar (Figure
3(b)).
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Figure 2. Tree structure representation.
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Figure 3. Dynamic linked data representation in tabular form (a)
and bar graphical form (b).
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Students were also provided with useful links to other learning sites
on probability and mathematics. Due to school policy and network
settings, the contents of the relevant learning sites were currently
accessible in offline mode, although it could be accessed online as
well.

The WPE was developed on Microsoft Windows 2000
Professional platform, with Macromedia Flash 2004 in ActionScript
2.0. The Web-based environment was developed with Macromedia
Dreamweaver MX 2004 with the support of cascading style sheet
in defining the display of HTML elements on the web pages. The
animated 2D and 3D graphics elements and the four microworlds
(dices, coins, spinners and marbles) were developed and authored
using Macromedia Flash 2004. A pilot test on the WPE was carried
out with four Form 4 students who were not involved in the actual
study. Several minor bugs in the WPE were fixed after the pilot test.

Data Collection Procedures

Before the treatment, the students completed the PRETEST and
ATTMATH instruments and attended a one-hour training session
to familiarise with the microworld by engaging with a few activities
in the WPE. The session was considered as an introduction to the
learning topic of the probability. The treatment stage was carried
out two and three weeks after the pre-test. The students paired up
and learned probability with the WPE, guided by the researcher
and the accompanying worksheets (Su, 2006) for eight weeks, two
periods each week. The researcher acted as a facilitator, rather than
as a teacher in the learning environment with the WPE. After the
treatment, students answered the POSTTEST and the ATTMATH
to assess their achievements and the change in their attitudes after
learning with the WPE microworlds. Twelve students and three
teachers were interviewed according to the evaluation criteria in
MWRUBRIC (Dodge, 2001).
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Data analysis

Paired t-test was conducted on the students’” PREMATH and
POSTMATH scores to determine the effectiveness of the WPE in
enhancing the learning of probability. Paired t-test was done based
on the ATTMATH overall scores before and after the treatment; and
frequency table were generated based on the ATTMATH individual
item scores before and after the treatment, to determine whether
the use of WPE had improved students’ attitudes toward
mathematics. The interview data were quantified and analysed
using frequencies.

Results

Students’ learning of probability

Based on the paired t-test results shown in Table 1, there was a
significant difference in the students’ achievements before and after
the treatment (t=8.525, df=51, p<0.0005). The students achieved
higher score in the POSTTEST (mean, M=12.52, standard deviation,
sd=2.31) compared to the PRETEST (M=8.81, sd=2.89). The WPE
microworld learning environment has enhanced the students’
learning and understanding of probability.

Table 1
Paired Sample T-Test on Pre- and Post-Test (n=52)

Mean  Standard deviation t df p
Pre-test 8.8077 2.8904
Post-test 12.5192 2.3051 -8.525 51 <0.0005

Six out of twelve students interviewed also stated that the WPE
assisted them to learn and understand probability concept better.
The features they found to be useful were the tree structure
generator, data display in tabular form and the consistency in
common operations available in the WPE to manipulate the coins,
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dices, marbles and spinners on the screen.

The students viewed WPE as a practical learning tool that helped
them to visualise and understand the probability concept. By
comparing and observing the results of three experiments in the
coins microworld with different number of tosses (n=12, n=50 and
n=4500), they came to realise that when the number of trials (n value)
is large (for example, n=4500), the probability of each event (e.g. P
(getting side A) =0.5062, P (getting side B) = 0.4937) approaches the

theoretical value (P (each event) =0.5) (refer Figure 4).
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Figure 4. Probability of getting each side of the coin when n=12,
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The observations in the class also showed that the WPE helped the
students in knowledge construction and it encouraged discussions
among the students while exploring the microworlds and learning
the probability concept. Students understood and constructed new
knowledge as they listened to their peer’s and their instructor’s
explanations during the discussions.

Students’ attitudes toward mathematics

The students demonstrated improvements in their attitudes toward
mathematics after the treatment (t=3.926. df=44, p<0.0005) based
on the paired t-test results shown in Table 2. However, the students
generally showed positive attitudes in every statement before and
after the treatment (refer Table 3).

Table 2
Paired Sample T-Test on Attitudes toward Mathematics (n=45)

Attitudes toward  Mean Standard t df P
mathematics deviation

Before treatment  46.3778 13.6969 3.926 44 <0.0005
After treatment 38.7556 11.7360
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Table 3

Students’ Attitudes Toward Mathematics before and after the Treatment (n=52)

=W Item Statement Frequency

<o[; Before Treatment After Treatment
No. SA° AU DS SA A U D SD

1 Mathematics is useful for

solving problems of

everyday life. 25 24 1 0 2 34 17 1 0 O
4 People who understand

mathematics are better

g off in our society. 14 21 10 3 3 17 26 6 2 1
% 7 Inthe future, most jobs
& will require the

knowledge of

mathematics. 19 23 5 3 2 28 18 6 0 O

IOM

18 If I had an opportunity I
would like to be a
mathematician. 10 10 20 4 8§ 12 13 23 2 2

19 Many events in my

ordinary life have better

meaning after my

lessons in mathematics. 10 27 12 2 1 14 2 7 5 0
10 Mathematics is NOT

important for the

development of

¢ technology. 2 1 318 28 0 1 2 9 40
"‘;:D 13 Mathematics CANNOT
> help to make the world

a better place in the future. 2 4 3 18 25 0 0 6 18 28
16 Mathematics is NOT

important for the

country’s development. 1 1 321 26 0 2 1 19 30
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8 Mathematics lessons are

fun. 15 21 11 4 1 18 29 4 1 0
11 Doing mathematics

activities is challenging. 20 22 8 1 1 22 26 3 0 1
14 It is interesting to learn

more about mathematics. 19 27 4 1 1 26 23 2 1 0
17 Thave always enjoyed

the experiments/

practical sessions in my

mathematics. 10 24 15 2 1 15 29 6 2 O
2 Attending mathematics

class is boring. 3 10 1219 8 1 2 9 20 20
5 My mathematics class

is NOT enjoyable. 2 11 917 12 1 2 14 21 14
20 Mathematics lessons make

my life dull. 2 31018 19 0 0 6 17 29

3 Teachers should encourage

students to develop their

potentials in mathematics. 27 19 3 1 2 33 16 3 0 0
9  Schools should continue

to search for interesting

ways to teach mathematics. 34 16 1 0 1 35 15 2 0 0
15 Mathematics teachers

should show students

the importance of

applying principles to

solving problems in our

ordinary lives. 27 2 2 0 1 37 13 1 0 1
6 The government should

NOT spend more money

on mathematics research. 1 2 820 21 1 1 3 13 34
12 Government money

spent in mathematics

programmes is NOT

well worth spending. 1 4 1224 11 1 1 10 17 23

W = statement wording (positively or negatively worded); AOM = Area of
Measurement;

IOM =Importance of mathematics;

EOM = Enjoyment of mathematics; and

WOT&M = Worthiness of time and money invested in researches

SA = Strongly Agree, A = Agree, U = Undecided, D = Disagree,

SD = Strongly Disagree
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The students’ responses as shown in Table 3 showed that after the
treatment, their attitudes improved in each area of measurement.
In addition, eight of the students interviewed commented that the
WPE was interesting. They were delighted with, attracted to, and
felt happy to explore the microworld while learning probability. To
them, it was more interesting compared to using the textbook. There
were more features in the microworld compared to the textbook.
The animation and colourful graphics had brought the lesson to
life enhancing their understanding of the probability concepts.

Students’ Satisfaction with the Features in the Microworld

The students’ evaluation of the WPE was related to various aspects
such as visual appeal, navigation and flow sequencing, transactional
and mechanical quality (technical, links, misplaced or missing
images and grammar errors) as suggested by the MWRUBRIC
evaluation rubric (Dodge, 2001).

Referring to the students’ responses listed in Table 4, generally,
they were satisfied with the WPE. More than one third of the
students liked to learn probability with the WPE. Students felt happy
and excited when exploring WPE while learning. They found that
the WPE was able to facilitate their learning and understanding.
Though this was their first encounter with a microworld, they hoped
to see microworld being integrated in the learning environment.
Based on the interview responses, the students generally found the
WPE microworld visually appealing, and the navigation, page flow,
transitional and mechanical aspects of WPE were between
developing (good) and accomplished (excellent) levels according
to Dodge’s (2001) evaluation criteria.
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Table 4
Students’ Evaluation on the WPE

No Statements Responses

9 I like to learn probability
using the microworld
called WPE Yes Sometimes Not at all
18 (47.3%) 17(44.7%) 3(8.0%)
10 Do you like the
interface in the
microworlds? Yes, very Some of No,
much them terrible
10 (26.3%) 28 (73.7%) 0(0.0%)
11 What would you
rate these parts in

the microworlds? Good Average Poor

Color 29 (76.3%) 9(23.7%) 0(0.0%)
Background 13 (34.2%) 25 (65.8%) 0(0.0%)
Text 19 (50.5%) 15 (39.5%) 4 (10.0%)

12 The flow from one
page to the other page

is smooth Yes Some are No, I
not clear always
get lost

27 (71.1%) 11 (28.9%) 0(0.0%)

13 Is there any broken
link in the microworlds?  Yes, a lot Yes, some None at all
0(0.0%) 13 (34.2%) 25 (65.8%)
14 Is there any spelling
mistake found in the
microworlds? Yes, a lot Yes, some None at all
0(0.0%) 7 (18.4%) 31 (81.6%)
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Discussion

The Learning of Mathematical Content

Consistent with the studies in the literature on the use of technology
and microworlds in learning mathematics (Drier, 2000; Jiang &
Potter, 1992; Sinclair et al., 2003; Yeh & Nason, 2003), the findings of
this research showed that the students could learn and understand
the mathematical content in the constructivist-based microworld
learning environment. The students obtained significantly higher
scores in the post-test, compared to the pre-test after learning using
the microworld environment. Students stated that the WPE
microworld helped in their learning and understanding of
probability concepts. The useful features were the tree structure
diagram, tabular form of data display and operations available to
manipulate different objects.

Consistent with Jiang’s (1992) findings, students in this study
changed their misconceptions about probability and understood
the concepts through the repeating experiments in the microworld.
The probability concepts gained by the students from interacting
with the activities in the WPE microworld include law of the large
numbers, multiplicative and part-whole reasoning. Similar findings
were reported in the studies of Drier (2000).

In this study, the various visual representations in the WPE
microworld assisted students in understanding the mathematical
concepts, similar to the findings reported by Sinclair et al. (2003).
The graphical elements assisted them to remember what they have
learnt. The dynamically linked representations provided the
students with the results of their experiments in multiple
representations corresponding to their actions in the WPE
microworld. Thus, the findings of this study was consistent with
Chiappini and Bottino’s (1999) contention that visualisation plays
a central role in assisting students to comprehend the meaning of
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and the understanding and reasoning of probability concepts.

The WPE microworld helped students to bridge the gap between
action and expression. Students in this study were able to construct
new knowledge via the exploration and manipulation of objects in
the microworld. Similar learning outcomes were also reported by
Hoyles et al. (2000) in the MathStick microworld and Yeh and Nason
(2003) in the VRMATH microworld.

As suggested by Barney (2001), Becta (2003), and NCTM (2000),
this research also found that active interactions were essential in
knowledge construction. In the constructivist learning environment,
interactions between students and the microworld, and interactions
between instructor and students and among students contributed
to the process of knowledge construction. Students explored and
learned from the dynamic feedback they received from the
microworld via object manipulations (Hoyles et al., 2000).

Attitudes Toward Mathematics

The WPE increased the students’ interests to learn and to be engaged
in the learning process, as previously reported by Jiang and Porter
(1992). Students felt satisfied, more interested in, had fun with, and
were excited to explore the WPE. They expressed hope that
microworlds would be integrated in the teaching and learning
process to supplement the traditional classroom approaches. These
findings were consistent with reports by Gardner (1997) and Ferbar
and Trkman (2003) that positive change in attitudes happened when
technology was used to learn mathematics.

Satisfaction with the Features of the WPE Microworld

Generally, the students were satisfied with the features of the WPE
microworld encompassing the interface, graphic elements, colour,
background and text. Only three of the students expressed negative
reactions on using the microworld for learning. These three students
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were found to be lacking in basic computer skills and preferred to
learn mathematics by memorisation and rote instructions. Novak
(2003) suggest that students who lacked computer skills and usually
learned by rote learning might require time to appreciate and benefit
from constructivist learning environments. Handal and Herrington
(2003) found that rote learning contributes little to the building of
an individual’s knowledge structure and the effort of introducing
new meaningful learning approach (e.g. constructivist learning
methods) to supplement current behaviourist teaching and learning
process should be pursued although resistance would occur along
the way.

Conclusions

The use of microworlds could improve students learning in
mathematics and also increase their interest in the subject. However,
microworlds are not meant to replace teachers in the teaching and
learning process. It is hoped that teachers, software developers, and
curriculum planners could work collaboratively to develop
microworlds for the mathematics classrooms. Mathematics teachers
should be encouraged to integrate the use of microworld in their
mathematics classrooms to foster knowledge construction among
the students. Teachers need to change their roles from traditional
‘teacher-centred” approaches and knowledge deliverers to becoming
facilitators. In a constructivist learning environments such as
microworlds, students should be active participants, engaging in
explorations, discoveries and discussions (Papert, 1984; Jonassen
& Carr, 2000).

Students should be exposed to learning with computer (including
microworlds), so that they can be self-directed learners, building
up their confidence to explore and interact with the learning tools
in the microworlds. Students must learn to work in groups and
participate in discussion with peers and listen to peers’ explanations
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while constructing their mental model for better learning outcome
(Becta, 2003). Students require time for reasoning, discussions and
explorations. Students should have access to computers for
exploring and enhancing their understandings of the concepts
through multiple representations and active exploration in the
microworlds.
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