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Abstract

This research seeks to apply the concepts of collaborative learning and open learner
modelling in order to find out whether seeing their own group learner model helps learners
improve their learning in a computer-based collaborative learning environment. There is
previous work on giving back information about learning performance as a group but very

little, if any, empirical work on the benefits of a group open learner model (GOLM).

A major benefit of collaborative learning is to encourage learners to learn further
from what they cannot achieve when do it by themselves but they can manage with another.
Combining this with viewing and judging the information about learning found in a learner
model, it was expected that this would increase their learning awareness in order to
improve their learning performance. Without such group learner models, learners might not
improve their learning performance in the collaborative learning environment as much as

they might.

To find out whether opening the group learner models helped learners to improve
their learning performance we developed a system called 'GOLeM', and we focused on the
learner's score on learning concepts and their degree of confidence in their answer. GOLeM
was used as a learning environment to test for evidence in relation to two comparisons of
individual performance. The first was a comparison of individual performance between
participants in a non computer-based individual learning environment and a computer-
based collaborative learning environment. The second respect was to compare the results of
learning in two different computer-based collaborative learning environments which were

only different in terms of whether or not the learners could see their group learner model.

The content of number-conversion is chosen for the domain knowledge. Dialogue
games and sentence openers are used to implement a chat-tool to exchange beliefs between
peers. Bar charts and textual explanations are used as external representations of learning
performance as a group. The system was implemented and tested in two versions: paper-
based, for the plausibility of the content and the user interface; and computer-based, for

comparing the learning results among three different learning environments regarding the
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two respects above. To make sure what we built was valid — in terms of suitable content
applied to the right target group of learners, we did several tests. These tests consist of a
questionnaire with multiple choice questions applied to a small group of participants some
of whom have a background in computing, and some have no background in computing.
The questionnaire was examined for the suitability of its content and for the target group. A
modified questionnaire was used with 122 participants who have a background in
computing to validate in relation to the difficulty level and item discrimination. Five
questions were selected as representative of the domain knowledge for a paper-based
design and applied to six pairs of learners for the suitability of the questions and the number

to be used, time taken, user interface, etc before developing the computer-based version.

Regarding the comparison between participants in a non computer-based individual
learning environment and a computer-based collaborative learning environment, the results
show there is a significant difference at the 5% level in terms of learning concept-score and
degree of confidence in favour of individual learning performance of learners in

collaborative learning environment.

Considering the comparison of learning between the two computer-based
collaborative learning environments, participants who are able to see their learning
performance as a group learner models both before the group test and after each item of the
group test, have a slightly higher concept-score and improved degree of confidence than
those who cannot see these learner models. Moreover there evidence regarding the
participant's self-assessment and peer-assessment, their opinion of the helpfulness of seeing
the group learner model and their satisfaction in using this system confirms that further

study in this area is justified.

It leads to the conclusion that in these specific circumstances, learners benefit more
from learning and seeing their group learner model. However the evidence that we have
here is not sufficient to answer whether it is likely to be true that other systems like this will
always lead the better learning. As a result, we plan to continue our work in both similar
and different directions to improve the strength of the conclusion that providing group
learner model in a computer-based collaborative learning environment helps learners to

benefit from learning.
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The thesis mainly contributes to both CSCL and AIED communities for further study
of GOLeM itself. Regarding the AIED community, GOLeM can be used for the further
study on the benefits of seeing learning performance as a group learner model both before
and after performing a group-test. Regarding the CSCL community, using this GOLeM
with either a larger or a wider variety of groups of learners focusing on knowledge
contribution during the group-test for the concrete evidence to support that social

interaction has an impact on collaborative learning.

The evidence that we have found suggests that being able to see a GOLM improves
learning. Though this evidence is not statistically significant, this thesis has provided the

most thorough empirical examination of the benefits of a GOLM so far.
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Chapter 1

Introduction

1.1 Introduction

Open learner modelling is seen by a number of researchers as helping learners improve
their knowledge by representing the state of their learning while collaborative learning is
often seen as a good way to encourage peers to learn and teach each other. This research
seeks to apply the concepts of collaborative learning and open learner modelling in a
computer-based learning environment in order to see whether there is any impact of seeing

their group learner model on their learning performance.

A learner model that can be inspected is known as an 'Open Learner Model'
(OLM); thisis considered to be an aid to reflection. In the past ten years there has been an
increased amount of research focused on OLMs (Bull, Pain & Brna, 1995; Bull & Pain,
1995; Bull & Smith, 1997; Bull, Greer, McCalla, Kettel & Bowes, 2001; Bull & Nghiem,
2002; Bull, 2004; Kay, 1995 & 2000; Dimitrova, 2001 & 2003; Zapata-Rivera, 2001 &
2004) — all designed to help learners understand what they have learned more effectively.
Thiskind of model allows the learner to inspect, and sometimes challenge, beliefs recorded

in the user model in order to change them.

However, less has been done with 'Group Open Learner Models' (GOLMs) though
there is some work with them. Zapata-Rivera and Greer (2001 & 2004) found that students
could be very confused when seeking to understand their GOLM. However, this GOLM
was developed by a group of students working together with a single instance of ViSMod.
The issue of whether or not the GOLM can help learners is taken up as a magjor theme in

this research.
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Since it is often believed that the more the system knows about what is being
exchanged between the group members, the more precise the pedagogic intervention can be
for the learners. With respect to the benefits of collaborative learning, we decided to focus
our work on information about the group rather than the individual. Hence we introduce our
own notions of group learner model that uses sentence openers and a dialogue games to
manage the interaction between learners and at the same time allows the system to estimate

what is going on between the learners.

In this thesis, we introduce our group learner model(s), explain the generation, and
update mechanisms for the indicators that are used to measure learning performance in the
chosen context. It is hoped that by using a group learner model, learners can either get a
higher concept-score and/or improve their degree of confidence in this specific learning

context.

Following Vygotsky (1978) who argued that learning had a strong social
dimension, we believe that learners can often better improve their knowledge while
learning with peers than learning individually. For collaborative learning in a computer-
based learning environment, the aim is that learners and teachers get information that suits

their needs.

The more precise knowledge that tutors have about learners, the more useful this
information could be if it is reflected back to learners. To do that, information about each
learner is considered and kept while they are learning in order to know how well they

perform. We call this information a 'learner model'.

Many researchers work on building a group learner model’. Paiva (1997)
introduced two scenarios which represent her notion of a group model. The first is to
combine multiple individual models for the possible peer group (Hoppe, 1995; Bull &
Smith, 1997). The second scenario is about learners who interact with the collaborative
environment for which all of these properties should be considered: a shared-task space, a
communication space, authorisation to see the communication, a domain model and an

individual-task space (Soller, 1999 & 2001).

! In this work, we call a learner model for a group a group learner model.
2 Here, a group learner model is used to give information back to the learner to help improve
learning.
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In this research, we are considered group learner models in three ways: generating,
updating and representing the model. We define a group learner model as a IdealLM when
it is obtained from the combining of information about individual learners’, and we define
an GLM when it is obtained from the interaction between members of the group”. In this
work we try to understand what is going on between learners when they perform a group
task in the specific learning environments In order to do that we provide a chat-tool which
utilised the concept of a dialogue game for learners to convey a set of beliefs and goals.
Analysis of each move can be used to update the group learner model. Information about
the IdealGLM and GLM needs to be represented in a way that helps the learner understand

the information presented.

Providing the right amount of information to suit the target group may encourage
them to behave in more effective ways, for instance, providing learners with information
about their group performance may help them to know how to react to their peer and tutor.
To obtain such an advantage, learners can be presented with their performance in terms of
their group learner models’. We expect that by giving information about the group learner
model, learners can get either a higher concept-score or a higher degree of confidence in

this specific learning context selected for this research — number-conversion.

1.2 Aim and Questions related to this Aim

The aim of this research is to find out whether seeing the IdealGLM and GLM in a
computer-based collaborative learning environment which allows learners to communicate
with their peer via a chat-tool helps them get either an improved concept-score or increased
degree of confidence when they work on their own on a post-test. This leads to the

following four questions, which are discussed in this thesis.

3 Taken from PairSM (Bull & Smith, 1997) that combines individual learner models to generate a
group learner model.

* Soller (2001, 2004) focuses on the effective ratio of roles that group members play when they
communicate via the chat session.

5 At this moment, group learner model will be provide only to group members, not others, and no
individual information is accessed or displayed to any learners.
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1. In a computer-based collaborative learning environment, is there any impact of
seeing and not seeing the OLM on participant's learning concept-score and their
degree of confidence? (Comparing the results of pre-test vs. post-test, and pre-test

Vs. group-test)

2. Is there any difference in the learning concept-score or degree of confidence
when a comparison is made between the results of learners who perform in a
collaborative learning context and those who perform individually? In this work,
the individual learning results of individual learning environment from the paper-
based test is compared to the result of collaborative learning environment from the

computer-based test.

3. Is there any impact of 'self-regulation' on the improvement of learning
performance focusing on the improvement of concept-score and degree of

confidence?

4. Is there any impact of 'social interaction' on the improvement of learning
performance focusing on the improvement of concept-score and degree of

confidence?

1.3 Methodology

To find answers for these four questions:

1. The content that was chosen to use in the research was selected to be number-
conversion — specifically, for base 2, base-8 and base-16 conversion to base-10.
The components of the chosen domain knowledge needed to be tested to confirm

the validity of the tasks to be used in the experimental phase.

2. The context of the experimental work involved the design, implementation and
testing of a system (called GOLeM). A 'low-tech' approach was taken, and the
resulting paper-based version of GOLeM was checked for usability and for validity

before implementing the version to be used with the participants.
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3. The experimental work had to be designed. The core component of this design
involved comparing learning with a computer supported collaborative learning
(CSCL) environment with the GOLM visible with learning with an identical CSCL
environment except with the GOLM hidden.

4. The experimental procedures had to be subjected to ethical approval from the

Faculty of Education's Ethics Committee.

5. Participants had to be recruited who would find the work challenging.

The participants selected for the research were undergraduate students from the
Department of Computer Science and Technology, Kanchanaburi Rajabhat University,
Thailand. The choice of institution, where the author of this thesis has a position as a
lecturer, made it easier to recruit participants, ensure that the experiment was conducted in a
way that fitted into the local curriculum, and manage the experimental procedures. One
hundred and twenty two participants were recruited for the work. All 122 participants were
required to test the validity of the 30 questionnaire items selected. The results were used to

validate the difficulty level and item discrimination (Explain further in Chapter 6).

A smaller set of items were selected for the work with GOLeM. We selected five
questions, all of them in base-8, and these were used in the paper-based design of GOLeM.
Base-8 was chosen is to avoid questions which were generally found to be too easy (base-2)

or too difficult (base-16).

For the evaluation of the paper-based version of GOLeM, participants were divided
into two groups (high and low scoring). Six pairs — (2 pairs of participants from the /ow-
score group, 2 of participants from the high-score group and 2 pairs of participants from
both high-score group and low-score group) — were selected. The result of the test
suggested that the number of questions should be cut down to four to avoid the difficulties
of participants getting tired during long period in which they would have to work. The

domain was defined in terms of six basic concepts required for the four questions selected.

The suggestions from the participants were taken into account for the software
version of GOLeM. In this work, Visual Basic 6 and MS Access are used for the simplicity
of the implementation. The implementation of GOLeM is explained in Chapter 5.
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The design of the experimental work involved a pre-test, group-test and post-test.
To do these tests, participants were placed into three similar sized groups with respect to
their score in the pre-test. Each group of participants was assigned to learn in one of three
specific learning environments: Envil — a collaborative learning environment in which
learners were able to see their group model (ldealGLM and GLM), and have social
interaction via a chat-tool; Envi2 — a collaborative learning environment in which learners
were able to have social interaction via the chat-fool but had no access to their group
model; and Envi3 — an individual learning environment. These three learning environments
provided the same content — that of number-conversion. The experimental design and

results are explained further in Chapter 6.

1.4 Outline of the Thesis

This chapter has introduced the idea of GOLeM and why it is worthwhile. In this work,
four questions related to the main aim are asked to find out whether seeing the Ideal GLM
and GLM helps in a computer-based collaborative learning environment. This GOLeM
enables learners to communicate with their peer via a chat-tool aimed at helping them get
either an improved concept-score or increased degree of confidence when they work on
their own on a post-test. The overview of what will be discussed in Chapter 2 to Chapter 7

is below.

The review of literature is mainly performed in relation to the learner model in
terms of the general notion involved with the roles of self-regulation, metacognition and
external representation. In Chapter 2, the focus is on individual learning while in Chapter 3
the concern moves towards learning in a group of two. The related topics of collaborative
learning are divided into how to organise the communication, how the group learner model
is generated, managed and represented, and a comparison of systems and works related to

concepts associated with OLMs and Vygotsky's Zone of Proximal Development (ZPD).

After having the basic idea of opening the group learner model for collaborative
learning, the specific requirement of GOLeM is described and motivated in Chapter 4.

Later, this design was implemented as a paper-based version and tested for usability and
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plausibility of content before continuing to the computer-based version. These two versions
of GOLeM are described in Chapter 5 in relation to the user interfaces and the way they

were used.

There are 3 phases of testing described in Chapter 6. The first one is to test for the
validity of the questionnaire items. The second phase focuses on the results of using the
paper-based design of GOLeM with six pairs of learners for the plausibility of the design
before continuing to implement the software version. The third phase is to find out whether
using GOLeM can help learners get either a higher concept-score or an improved degree of

confidence when compared to learners using the other two learning environments.
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Chapter 2

'Solitary' Learning

The relevant research is considered in two parts — firstly, in terms of the solitary learner and
secondly in terms of the collaborative learner. While no learner is truly solitary and no
collaborative learner completely collaborative, this division provides for a clear progression

of ideas that form the basis of the thesis.

In the past two decades, the concept of learner models has been widely used in
intelligence tutoring systems (ITSs). The original uses of learner (or student) models were
primarily intended to determine the learner's path through some curriculum. For example,
SCHOLAR (Carbonell, 1970) for Geography subject, BUGGY (Brown & Burton, 1978) and
WEST (Brown & Burton, 1979) for mathematics subject, and IMPART (Elsom-Cook, 1988)
— the tutor for LISP.

In this thesis, we assume that the readers have some familiarity with the standard
work on the nature of student models and the technical issues associated with them.
VanLehn (1988) provided a well-known review of the kinds of student model then in
existence, and the methods used for inferring these models. Dillenbourg and Self (1992)

provided a detailed framework, which is explained in section 2.1.

The rest of the chapter provides a general view of learner modelling in ITSs,
followed by the definition of learner model used in this thesis. Then the concept of OLM or
'Open Learner Model' is introduced both in terms of the notion and in terms of the
definition of the OLM adopted in this thesis. The issue of 'opening' the learner model is
then discussed. After that, the roles of metacognition that relate to the 'solitary' learner
working with an OLM, which mainly focus on self-assessment and self-regulation are

explained.
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This leads to the development of a checklist to use as metacognitive control in the
real system. Finally, issues connected with the manner in which the OLM is presented to
the learner are raised by considering the literature on external representations (ERs). From a
consideration of the possible way of representing the information in a learner model, we

select a multiple ER exploiting both textual and graphical representations.

2.1 Overview of Learner Modelling in ITS

VanLehn's (1988) analysis of student modelling focused on two components of an ITS — the
student model and the diagnostic module. He defined the student model as a component of
ITS that represents the student's current state of knowledge, and the diagnostic module as

the means by which the student model is manipulated.

In order to design a student model, there are three-dimensional spaces for the
student model that VanLehn proposes: bandwidth, knowledge type, and student-expert
difference. The first dimensional space, bandwidth, and focuses on how much of the
student's activity is available to the diagnostic program. In this work there are three levels
of bandwidth: mental states (all the activity, both physical and mental, is available),
intermediate states (all observable, physical activity is available), and final states (only the

answer is available).

The second dimensional space is knowledge type that focuses on what is the type of
subject matter knowledge. The knowledge type is introduced by VanLehn in terms of three
levels: flat procedural (procedural knowledge without subgoaling), hierarchical procedural
(procedural knowledge with subgoaling), and declarative. The final dimensional space is
student-expert difference that focuses on how the student model differs from the expert
model. There are three types of difference between student and expert that are defined as
overlay (some item in the expert model are missing), bug library (in addition to missing
knowledge, the student model may have incorrect knowledge that the bugs come from the
predefined library), and bug part library (bugs are assembled dynamically to fit the student

behaviour).
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The three-dimensional space introduced above which have three distinguishing
values each can create (3 to the 3) kinds of student model. Under each dimension, the
easiest of difficulty for each categories comes first. The easiest student model for the
system to diagnose is ‘mental state — flat procedural — overlay’ modelling and the hardest is
'final state — declarative — bug part library’ modelling. However during that time not many
systems were built therefore there are twenty systems that are concerned and mapped in the

simplicity two-dimensional space of bandwidth and knowledge type.

Being able to offer a representation of the 'solitary' learner's mental state might
prove very useful, but the aim of this thesis is to focus on the group. In this case, the notion
of mental state is not well defined for a group. Using intermediate stages or the final result

is likely to be more useful.

By that time, after looking into detail of diagnostic techniques from the actual
system, there are nine diagnostic techniques so far in the ITS literature. These techniques
are model tracing, issue tracing, plan recognition, expert system, path finding, condition
induction, decision tree, generate and test interactive, and generate and test. Among these
techniques, model tracing seems to be an interesting technique that might suit the work in
this thesis not only because it is probably the easiest techniques to implement but also
because it assumes that all of student's significant mental states are available to the

diagnostic program.

The next research of significance for the concept of learner modelling is that by
Dillenbourg and Self (1992) who provided 'A Framework for Learner Modelling'. They
stated that this work presented a comprehensive conceptual framework and notion for
learner modelling in ITS. The framework is based on the computational distinction between
behaviour, behavioural knowledge and conceptual knowledge. Entities in this framework
are defined in two dimension (vertical and horizontal dimensions). The vertical dimension
consists of three entities that are behaviour, behavioural knowledge and conceptual
knowledge while the horizontal dimension consists of three entities that are the system, the
learner, and the system's representation of the learner. The concern of the vertical
dimension is about consistencies between entities whereas horizontal dimension concern is

about discrepancies between entities.
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The difference between discrepancies and consistencies is that discrepancies
indicate differences between two similar entities (e.g., two behaviours), whereas
consistencies emphasize the logical link between very different things (e.g., learner's
knowledge and his/her behaviour). In order to form the learner model, entities in these two
dimensions are crossed with the nine possible models and might be extended to other two
model. One of the extended models, which is interesting for applying in this thesis, is
introduced as the model of the learner's representation of his or her own representation of

the conceptual knowledge that relates to metacognition.

This framework clarified the terminology used in learner modelling, classified
more detail about discrepancies and consistencies, explained more on diagnostic spaces and

approaches. Moreover, the concept of misconception, bug and error are clearly defined.

While the framework is useful if the group is taken as a single 'unit', there is no
support for trying to represent an individual's beliefs based on the beliefs inferred from the
group's behaviour. Referring to more recent works, STYLE-OLM (Dimitrova, 2003),
Mpr.Collins (Bull et al., 1995), PeerISM, are all concerned with individual learner modelling
but not group learner modelling. While 2SM (Broady & Bull, 1998) introduced an idea
close to that of group learner modelling in which system presents two individual learner
models to a pair of students — but there is no direct use of any information from the group

interaction.

In order to design student modelling and apply in our thesis, the model tracing
technique is considered as the basic idea for investigated information during performing the
task. The overlay model with bug library will be used for keeping information of the
student model. The consistencies will be used to see the relationship between what learner
does (behavioural) and the system thinks about what learner does. The discrepancies will
be used to see the relationship between what the learner does and what the system thinks
the learner does. After having the general idea of what learner modelling is, next the details
of the learner model — introduced above as one of the crucial part in learner modelling, are

illustrated.
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2.2 Learner Model

A user model is similar to a learner model (or student model) but is intended to be used for
a wider range of projects and for different purposes from tailoring information presentation,
providing adaptive user interfaces, and maintaining co-operative dialogue (Dimitrova,
2003). Whereas learner model (student model) are focused on building adaptive educational
system for learners or students. Usually what will be kept in the learner model is
information about learners’ beliefs and other learning aspects. McCalla and Greer (1990)
stated that one way of making tutoring system intelligent is to incorporate a model of the
individual student that ideally contains at least the tutoring system's perception of (i) the
beliefs of a student, (ii) a goal and motivation of the student and (iii) student's knowledge of

the domain of instruction, including misconception.

The use of learner model is aimed at tracking a student's changing knowledge
during the use of ITS. The learner model can be seen as either individual, known as UM
(user model), SM (student model), or LM (learner model), or group model that is known as
group learner model. During the last decades, there are many ITS that have used learner
models — such as WUSOR (Carr & Goldstein, 1977) which introduced terms such as
overlay model and represented the learner's knowledge by associating a value (known,
intermediate, unknown) with each of 20 production rules to play game of WUMPUS
BUGGY (Brown & Burton, 1978) was a system which represented domain knowledge by a

network of production rules.

SCHOLAR (Carbonell, 1970) pointed out that a learner model might be built by
annotating nodes and links in the network which means that it adopted a semantic network
as a domain representation, /IMPART (Elsom-Cook, 1988) proposed a ‘bounded user model'
which means that the learner model is represented by a set of upper and lower bounds on
the possible states of the learners. TAPS (Hawkes & Derry, 1989) introduced a learner
model that used fuzzy terms to indicate the value kept in the component of the model.
MACSYMA ADVISOR (Genesereth, 1982) inferred misconceptions from the user’s inputs

and queries the user about these beliefs.

The ideal of overlay model was concerned at the very beginning with what learners
know as a subset of an expert's knowledge. The value associated with conceptual

knowledge either is that it can be only known or not known which does not support
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uncertainty as found in the real world e.g. learners have different learning results for similar
questions. WUSOR (Carr & Goldstein, 1977) improved overlay models to represent
learners' knowledge but added a stage of intermediate between known and not known to
deal with uncertainty in the situation. However representing conceptual knowledge as

intermediate leaves a wide range of possibilities.

In the real world, there are many factors that need to be taken into account for
matters of uncertain situation — such as remembering and forgetting, data ageing,
inconsistency of the beliefs, etc. With probabilistic models, the history of learning for each
piece of conceptual knowledge are used together with the latest learning result to calculate
the values associated with related conceptual knowledge at that time. Examples of
probabilistic models are BBN — Bayesian Belief Network (Zapata-Rivera & Greer 2001;
Read, Barros, & Barcena, 2006) and POK- Partiad Order Knowledge Structures
(Desmarais, Meshkinfam & Gagnon, 2006).

However, for the simplicity of the design of the learner model used in this thesis,
we decided to be concerned only with what the learner did in the past and present without
taking the age of the data into account. It means that whenever the data is performed is has
the same significant value. Moreover, the information that is used to compare for learning
performance among pre-test, group-test, and post-test comes from the present learning
process. As a result of that, the used of an overlay model with a simple version of BBN,

which not take the age of data, is considered to be adequate for the work done.

User model are widely used in many areas of interest. In this work, our focus is
shaped into applying learner models to computer-based learning systems. At the very
beginning, learner models were used to keep information about particular learners for
individual (DiyM: Bull, 1998) and group learning (PairSM: Bull & Smith, 1997; Bull &
Brna, 1997). After that, the concept of reflecting the information about learning was taken
into account. Examples of such systems are: See yourself write (Bull, 1997), 2SM (Broady
& Bull, 1998) and I-Help (Bull et al., 2001). Later the idea of inspecting (PeerISM (Bull &
Brna, 1999); Bull & Nghiem, 2002), negotiating (Brna et al, 1999; Bull & Pain, 1995) and
challenging the beliefs in order to change the system's belief about learners are widely used
(Mr.Collins (Bull et al, 1995); STYLE-OLM (Dimitrova, 2003); Missing Peer (Bull et. al,
1999)).
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Kulhavy and Wager (1993) stated that giving some feedback is better than no
feedback. The main purpose of giving feedback is to assist someone doing something so
what should be reflected back should be precise, accurate, timely and necessary (Brown et
al., 1997). The suitable time for providing information as feedback is right after they
finished their task to avoid learners forgetting of what they did and have time to prepare for

what to do next (Race, 2001).

In our system, the information of how well learners perform is externalised as a
bar-chart with the option of textual explanation that is intended to help improve individual
learning. Therefore the concept of providing information of what learners perform, which is
known as an OLM, while using a particular ITS is concerned for a matter of learning

improvement in aspects of concept-score and degree of confidence.

2.3 Open Learner Model (OLM)

When someone learns a topic, either on their own or with a friend, they may need to know
how well they performed on that particular task at least to know their strength and
weakness before continuing to do the next task (Gibb, 1992; Brown & Knight, 1994). In the
classroom, the teacher may give some information such as a score or some suggestion
about performance on the task®. An OLM is considered to be an aid to reflection insofar as
it can convey — directly or indirectly’— such information, and provokes the learner to think
about the truth or falsity of the information conveyed, and in doing this, reflects upon a

number of issues including perhaps that of how their learning is progressing.

Bull and Nghium(2002) stated that “the important reason for rendering the learner
model accessible is to help student better understand their learning — 'opening’ the learner
model to the modellee offers a source of information about their relationship with a target
domain which is otherwise unavailable, encourage them to reflect on their beliefs and on
the learning process.” In this section, firstly the general notion of 'opening' the learner
model is illustrated, and followed by the roles of metacognition that may help learner from

'opening' learner model.

This might be done in absolute or relative terms e.g. you got 7/10 or you did better than the average
"By indirect, we mean that the information may not be explicit but can be inferred from the
information provided.
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2.3.1 General notion of OLM

As defined by Bull & Nghiem (2002), an 'Open Learner Model' (OLM) is a student model
that is designed to help learners for better understanding of their learning. This kind of
model allows learners to inspect, negotiate or sometimes challenge for changing beliefs that
are kept in the learner model (Kay, 2000). There are many learner models that obtain the
concept of OLM such as UM (Kay, 1995), TAGUS (Paiva & Self, 1995), Mr.Collins (Bull,
Pain & Brna, 1995), See yourself write (Bull, 1997), 2SM (Broady & Bull, 1998), PeerISM
(Brna & Bull, 1997), ELM-ART (Weber & Brusilovsky, 2001), /-Help (Bull et al., 2001)
and STyLE-OLM (Dimitrova, 2003).

All of these systems support individual learning. Some systems — UM, TAGUS,
Mr.Collins, See yourself write, STYLE-OLM — allow only the owner themselves to see the
information of the learner model. Some systems — PeerISM, 2SM, and I-Help — allow other

users (which can be the system, instructors or peers) to see the learner model.

Inspired by UM (Kay, 1995), what is kept or stored in the system as the user model
is represented as components of learner's preference, knowledge, beliefs and attributes.
Using these components and representing these in terms of an overlay model, what learners
know as prior knowledge is considered to be a subset of what is in the expert model.
However UM's learner model did not explicitly refer to misconceptions. Therefore, our
overlay model was extended to define misconceptions as learners' beliefs, which are not
part of the expert's beliefs. In the system described in detail in Chapter 4, all of the expert's

beliefs are represented as rules but misconceptions are not explicitly represented.

While UM does not allow any negotiation of the contents, Mr.Collins (Bull, Pain &
Brna, 1995) seeks to provide this functionality. In Mr Collins, learners can access the
learner model to see what the system, which acts as a tutor, thinks about how well each
particular learner performs. In the case that the result from the assessment of the system is
lower than what the learner expects, they are able to negotiate for the system to record a
higher level of how well they perform. However in order to change the beliefs of the
system about that particular learner, they have to show evidence to prove whether or not
they are at the level they require by doing another test provided by the system. That means
the system has more control than learners do but in the way that allows learners to share

beliefs and negotiate about what they do not agree about in their learning.
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In other systems, the challenge of beliefs happens between the learners and the
system. While in GOLeM, the learners can argue or negotiate only with their peers but not
with the system. The system is used only as a mirror to reflect back what information it has

about learners.

The way of negotiating is implicitly used in our system by adapting the idea of
arguing, representing and managing the individual learner model to related issues for the
group learner model. The idea of arguing is changed from human-computer negotiation
between learners and the system that argue about what each other thinks about the learner
model (the representation of what the system believes about learners' beliefs), to human-

human negotiation where learners argue about what they think about each other's beliefs.

Even though the two peers negotiate to some extent, they do not negotiate with the
learner model itself. In this thesis, learners who work together in groups of two have to
negotiate for the group answer by providing evidence to each other which leads to an

agreement about the group's answer.

The way learners exchange beliefs is borrowed from STyLE-OLM (Dimitrova,
2003), which introduced dialogue games as a technique that balances ease of use for both
learners and the system for communication in a manageable way. Moreover STyLE-OLM
represents the externalised of the user model as the combination of textual and graphical
forms rather than text alone like TAGUS, See yourself write, PeerISM and Mr.Collins,

which might help learners to get a better understanding of their learning performance.

However providing more than one source of information at a time, the matter of
cognitive load should be considered to make sure that what we contribute to learners is
helpful rather than preventing them from learning (Kalyuga et al, 1999; Mayer, 1997). To
reduce the problem of cognitive load, the graphical representation is mandatory and
displayed as a bar-chart, giving an option for the textual explanation to be displayed if the

learner requires further information.

In terms of 'metacognition’, PeerISM leads to the idea of using self and peer
assessment as a reflection not only on how well they think they perform but also on how
well your peer thinks you perform. This concept of self-assessment and peer-assessment
applied together with regulatory check lists — used for self awareness which can be

considered as a subset of metacognitive skills — might help learners to perform better in a
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group learning environment that enables group members to negotiate the answer and
enables them to view the group learning performance as a bar-chart and optional textual

explanation for further details.

In short, we borrow the idea of an overlay model and what is kept inherited from
UM together with the awareness of misconception that might happen. In this case, we
defined misconception as “what in learners' beliefs but not in the expert's beliefs” and keep
all beliefs as rule-based for expert model. The graphical and textual representation can be
displayed together if required to avoid the cognitive load but still contain what we expect to
be helpful for learners. Combining concept of self and peer assessment with reflection back
from the group learner model might help learners to be aware of how well they and their

peers are performing — inferred individual performances by seeing GLM and IdealGLM.

The ways of scrutibilty (Kay, 2000) we consider here are either viewable or
negotiable the beliefs that are kept in the learner model. The concept of viewable is used
explicitly to externalise the learning performance as a group — for both GLM and Ideal GLM
(See more detail in Chapter 3 and Chapter 4) — which none of these systems work on. The
concept of negotiable that we used is explicitly in the way that two learner’s exchange
beliefs during the group-test in order to convey their peers with evidences for the agreement
on the group answer. At the same time, this exchanged information is investigated and
diagnosed by the system that means it is implicitly used as evidence for the group

negotiation to manage the group learner model.

2.3.2 'Opening' the learner model

In the matter of ‘opening' the learner model, there are many aspects that should be
considered. The first question that has to be answered is what is the definition of 'opening'?
— it has to make clear whether it means open to only see but not change, can see and
change in some conditions, or can see and change without any conditions. In case that
learner can change the learner model under some condition, what kind of condition might
that be?
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After discussing the scope of the accessibility for the model, the next question is
what will be opened? This question focuses on the information that is given back to users.
Are we going to show all of the information that is kept in the system or display only what

is related to the representation of learning performance?

The question that will be considered next is who can access the model? Either the
answer can be the learner model's owners themselves (Paiva & Self, 1995; Bull, Pain &
Brna, 1995; Bull, 1997; Dimitrova, 2003), or their peers and their instructor as well (Brna
& Bull, 1997; Broady & Bull, 1998; Bull et al., 2001). Moreover, learners could be allowed
to set authority for others to access the learner model by either name or anonymously (Bull

& Nghiem, 2002).

The next question that has to be cleared is when is the learner model opened to
users? The answer can be any time or only at a specific time. In our system, the model of
IdealGLM is reflected back to individual learners after finishing the pre-test, while GLM is
provided when the group finishes each question of the group-test. In essence, the Ideal GLM
is how GLM is initialised.

After presenting the idea of what is meant by 'opening', we then moved on to what
is opened to the user, who can access the model, how much information they can access and
so on. This final question is about an external representation that is used to reflect back the

learning information to users.

In this thesis, we try to investigate whether providing the learner model can help
learners either improve their learning performance by getting a higher test score or increase
their degree of confidence concerning each learning concept. Therefore, we have to make

sure that the way of representing the learner model is suitable.

2.3.3 Roles of external representation in OLM

Providing the right amount of information to suit the target group may encourage them to
behave in more effective ways, for instance, providing learners with information about their
group performance may help them to know how to react to their peer and tutor. To obtain

such an advantage, we then allow learners to see their performance as group learner
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models®. We expect that by giving information about both group learner models and
representing them as bar-charts and in a textual format, learners can get either a higher

score or a higher degree of confidence in this specific learning context.

As already stated, one of the useful features of the learner model is to keep the
related information of particular learners which may help the inspector (which can be the
system or human) to know how well learners perform. To access the information, there are
many aspects of such an interaction within the system, interaction between human and
system, interaction between human to human via the system, etc. During the interaction,
there might be some exchange of beliefs between the learners. To exchange beliefs, we are
concerned about which information is made available and how to represent it to the others?
In order to answer these questions, the dual coding theory (Paivio, 1986) and cognitive

theory of multimedia teaching (Mayer, 1997) are used.

Dual coding theory categorised the way that learners represent things in the world,
which is as a series of complex association network, as visual and verbal representation.
These non-verbal and verbal representations are attempts to explain what mental
phenomenon or what happens within the mind. The non-verbal or depictive representation
(such as picture, physical models) consists of iconic signs that are associated with the
content that is represented through common features while the verbal or descriptive

representation consists of symbols (sign and relation such as text), an arbitrary structure.

Multimedia allows multiple forms of external representations such as text, pictures,
tables, and sound, to be combined in flexible ways (van Someren et al. 1998). The
combinations of representations are used in a different way in the process of learning.
Referring to Ainsworth (1999), multiple representation can be used to provide
complementary information for each other and can support the construction of deeper
understanding. Mayer (2001) states that “Students learn better from words and picture than
from words alone”. Mayer found that students get a better understanding when they learn

from text and picture rather than from text alone (Mayer, 1997).

8 At this moment, group learner model will be provided only to group members, not others, and no
individual information is accessed or displayed to any learners.
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Kulyuga and others (1999) state that representing graphics with text is better than
text alone or text with audio and graphics. It might be better to change the representation of
text into audio format. However understanding audio is not easy to do at the same time as
seeing the diagram when the dialogue is long and complicated. Therefore to avoid
excessive cognitive load, the use of a diagram and textual representation is considered to be

a good option for displaying the information to be learned.

There are many possible ways of combining the text and graphical forms to
represent the learner model. STyLE-OLM (Dimitrova, 2003) uses a diagrammatic form of
conceptual graph to represent the learner model and the text form for an interaction model.
Moreover users can swap between learning mode and interaction mode to see what they
have done in the past. ViSMod (Zapatra-Rivera, 2001) uses different colours and link sizes

and nodes to indicate the level of knowledge for particular learners for each concept.

The colours that are used to represent each diagram should contain no more than
five colours (Kulyuga et al., 1999). This should help learners quickly distinguish how well
they perform for each concept. In our work, we will use a text form to represent the
interaction model, while a graphical form will be used to indicate the level of knowledge
for both group and individual learners. As a result, the representation of group learning in
our system will use bar-charts to draw the attention of users to the information and then

give the explanation on demand in a textual format.

2.3.4 Roles of metacognition in OLM

An OLM is seen as the model that reflects back to the learner information that lets them
know how well they are performing particular tasks or how well they understand some
concepts. From the information provided, learners then become aware of their knowledge
and decide what should to do next. The generally held belief amongst researchers is that it
is possible to improve learners’ knowledge by showing them their learner model (Luckin &
du Boulay, 1999; Zapatra-Rivera & Greer, 2004; Dimitrova, 2003). To investigate this
belief, the concepts of 'theory of mind' and 'metacognition' are considered as crucial factors

to understand how OLMSs help improve knowledge (skills).
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2.3.4.1 Theory of mind, metacognition and metacognitive skills

One definition of theory of mind is as “a specific cognitive ability to understand others as
intentional agents to interpret their mind in terms of theoretical concept of intentional
states such as beliefs and desires” (Davidson, 1984). In short, theory of mind is “an
awareness and understanding of mental processes”. For example when a learner performs a
specific task and the system reflects back the score or some other information, the way that
learner tries to understand what the system reflects back is what the system believes about a

learner’s knowledge and skills.

What is presented by the system sometimes contains information that is not
accurate in the judgement of the learner. How the learner reacts may be — consciously or
unconsciously — influenced by the learner's attitude to the system. The learner may well
assume that the system has some kind of intelligence — something that Reeves and Nass
highlight in their work on the media equation (Reeves & Nass, 1996). Therefore we need to
consider how seriously learners take into account what the system tells them and how they
react to that information. Ideally, learners should be able to question what might be
incorrect. However the learner may be influenced by cultural assumptions — if the system is
intelligent and the systems is supposed to tell the truth then the learner may find it hard to
challenge the system — especially in Thailand where the experiment is conducted. This is an
additional factor to take into account in interpreting the results about their learning

performance.

The main advantage of running this experiment in Thailand was that it was easier to
obtain the participation of both members of staff and students. The main difficulty of
working in this context seems to be that the culture does not help learners to make their
opinions precise. In the Thai culture, people are taught to respect their teachers; therefore
what the teacher says or does is not subject to doubt. As well as the result of this test, they
try to get as high a score as they can to 'save face' and sometimes they copy each other's
answers. Even though there were told that what they did during their participation had no
affect on the assessment of their courses. We tried the best we could to avoid unexpected

situation or factors that might affect the results of the test.
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One form of metacognition is often simply defined as “thinking about thinking”
(Livingston, 1997). However defining metacognition is not simple because there is still
much debate over what metacognition means for a couple of decades. Defined by Wilson
(1998, p.14), metacognition is the knowledge and awareness one has of their own thinking
processes and strategies and the ability to evaluate and regulate one’s own thinking

processes.

According to Flavell (1979) metacognition consists of both metacognitive
knowledge and metacognitive experience or regulation. Metacognitive knowledge is briefly
stated to acquire knowledge about cognitive process and how to use knowledge to control
the cognitive process. Flavell divided metacognitive knowledge into three categories:
knowledge of person variables, knowledge of task variables and knowledge of strategy
variables. Knowledge of person variables contains information about how well a particular
person learned and processed information while knowledge about task variables considers
the nature of the task to provide a suitable environment for the most productive results (e.g.
reading a physics book is harder to understand than reading a novel so more time should be
provided for this physics task). Knowledge strategy variables are concerned with when and

where appropriate strategies are being applied.

Metacognitive experience involves the uses of metacognitive regulation to control
cognitive activities to ensure that the cognitive goal has been met (Brown, 1987). For
example, after reading a lesson asking oneself what one has learned from the lesson. If the
question cannot be answered, then go back to the lesson again and at the same time

determine what else can be done to ensure that that lesson has been understood.

2.3.4.2 Regulatory Checklists

Schraw (1998, p.121) has developed a regulatory checklist that students can use to monitor
their own metacognitive control. His checklist is classified into three sections
corresponding to processes of planning, monitoring and evaluating. Details of the lists for

each process are displayed in Figure 2.1.
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1. Planning

- What is the nature of the task?

- What is my goal?

- What kind of information and strategies do | need?
- How much time and resources will | need?

2. Monitoring

- Do | have a clear understanding of what | am doing?
- Does the task make sense?

- Am | reaching my goal?

- Do | need to make changes?

3. Evaluating

- Have | reached my goal?

- What worked?

- What didn't work?

- Would | do things differently next time?

Figure 2.1. A regulatory checklist of Schraw (1998)

Relatively few attempts have been made to evaluate metacognitive activity with
OLMs. Dimitrova (2003) evaluated the use of her STYLE-OLM system in terms of reflective
activities with seven postgraduate students. Applying this checklist to her work on learners'
reflection, it is possible to see some connections. The concern of this thesis is also to
encourage self-regulation. Implicitly, the same holds for the learners using STyLE-OLM
since this system allows learners to make claims and later review these claims, possibly
changing their beliefs after interacting with the system. This revision process is similar to

'Do [ need to make change?' under the monitoring process in Schraw's checklist.

In Dimitrova's work, if either the system or learners have doubts about each other,
they can make a challenge for a justification from the other. While in our thesis, the
challenge of beliefs can be done only by members of the group without interference from

the system.

As seen in Figure 2.2, an initial adaptation of Schraw’s checklist to combine
thinking about both oneself and the group’.There are three groups of checklists: developing
a plan of action, monitoring the plan (being aware of everything that has been done by

oneself), and evaluating the plan.

These check lists suggest a way of evaluating metacognitive activity
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1. Check lists for developing a plan of action (Before performing a task)

- How much prior knowledge do | have?
- What should | do first?
- How much time is needed to complete this task?

2. Check lists for Monitoring a plan of action (During performing a task)

- How am | doing?
- How should | proceed?
- What do | need to do if | don’t understand?

3. Check lists for evaluating a plan of action (After performing a task)

- How well did | do?

- Did | do more or less well than what | had expected?
- What could | have done differently?

- Did | learn more?

- How well have | helped myself to learn better?

Figure 2.2. A self-regulatory checklists applied from Schraw’s

If learners have such a metacognitive experience, we assume that they will have
self-awareness of what they know and what they not know, and what they should do to
complete the given task. However for individual learning, it might hard to make self-
regulation explicit because it might not work naturally if a learner keeps expressing what
they already know to themselves that might cause boredom using the system. To avoid such
a problem and still maintain this self-regulation, the questions of how much prior
knowledge do I have?, how am I doing? are considered for this section on solitary learning
and then add more checklists for collaborative learning that are explained in Chapter 3 for
the full detail.

2.4 Summary

In this thesis we assume that the readers have some familiarity with standard works on the
nature of student models and the technical issues associated with them. Referring to
VanLehn (1988) and Dillenbourg and Self (1992), learner modelling in both frameworks
was reviewed to make the notion of 'learner modelling' clear, and how the learner model is
used in ITSs. The 'student model' is defined as a component of an ITS that represents the
student's current state of knowledge (VanLehn, 1988). The information that is kept in the

student model can be either hidden from or reflected back to users.
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In this research we focus on 'opening' the information in the learner model to users.
Therefore the systems and projects that were already introduced in the section 2.3 all
contain the concept of 'opening' to others. There are many researchers working on learner
modelling. For example, Kay — UM, Bull (both by herself and with colleagues) —
Mr.Collins, 2SM, PeerSM, I[-Help, See yourself write, Dimitrova — STyLE-OLM, etc.
Moreover in section 2.3.2, questions of ‘opening', are introduced. These questions were
what is the definition of ‘opening’, what will be opened? who can access the model?, when
is the learner model opened to users? Which external representation is used to reflect back
the learning information to users? More details of these questions for applying in our

system are explained in Chapter 4.

In order to investigate whether providing the learner model can help learners
improve their learning performance either by getting higher testing score or degree of
confidence of each learning concept. There are two respects with which we are concerned.
The first one is an ability of learners to understand the provided information — related to the
concept of self-regulation, metacognition, and metacognitive skills. The second respect is
about choosing the external representation that is suitable and might help a learner to
improve either concept score and/or learning degree of confidence — examined in terms of
external representation, dual coding theory, and multimedia theory. The way selected for
representing the information in the learner model is to combine graph — bar-chart, with

textual explanation (See more detail in Chapter 5)

In the next chapter, the concept of 'opening' the learner model will be shifted from
'solitary' to 'collaborative' learning to represent GOLM which is introduced as the
representation of the group that generate and manipulate the information from the
interaction of learners during performing the group task. Dialogue games and sentence
openers are used in the communication session that allows learners to exchange beliefs and

at the same time enable the system to investigate this exchanged information.
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Chapter 3

'Collaborative' Learning

The definition of 'collaborative learning' is broadly expressed as “a situation in which two
or more people learn or attempt to learn something together” (Dillenbourg, 1999). This
definition introduces three elements of collaborative learning which are two or more, learn
something, and together. Each element is interpreted in difference ways. The element of
two or more refers to the number of the group members which can be a peer (group of two

people), small group (group of under 10 people), and group of more than ten people.

The definition of learn something is interpreted as follow the course, problem
solving, or course material. The final element is how this group of learners interact with
each other in order to learn something. The word fogether is considered here as either face-
to-face or computer-mediated interaction. The interaction can be either asynchronous or
synchronous, relying on the time of the interaction. For division of labour, it can be either

truly joint effort (Panitz, 1998) or divided labour (Beck, 1997).

In this chapter, firstly the broad idea of 'collaborative learning’ (Dillenbourg, 1996)
is introduced and shaped into what will be used in our research. Secondly, the application of
collaborative learning and CSCW: Computer Support Cooperative Work (Kumar, 1996) is
introduced as CSCL or Computer Support Collaborative Learning. The main concern CSCL
is to facilitate group activities and support the work that face-to-face cannot do but such an

approach is not meant to replace face-to-face interaction (Stahl, 2002 & 2003).

The focus of CSCL is on an educational setting that aims at supporting and
promoting learning together effectively (Baker & Lund, 1996 & 1997). In section 3.1, the
correlation between CSCL and metacognition, and how and why communication works

with CSCL are explained.
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In section 3.2, the review of group learner model is illustrated for matters of
generation, management and representation. In section 3.3, the review of group open
learner model (GOLM) which focuses on 'opening' the group learner model is concerned
about what to feed back to learners and using which external representation. The chapter
ends up with example systems that explicitly apply the ZPD concept for open learner

modelling in collaborative learning environments.

We hope that the work we describe allows learners to obtain an improved
conceptual understanding and a greater level of confidence in their understanding. This is
achieved through the use of a group open learner model which allows learners to exchange
their beliefs during a group test and which reflects back the information about the group's
learning performance The pre/post test design enables us to examine the learning gains to

evaluate the effectiveness of the approach.

3.1 CSCL: Computer Supported Collaborative Learning

Computer Supported Collaborative Learning or CSCL emerged from the research interests
of 'collaborative learning’ and ‘CSCW'. Cited by Hsiao, Ellist et al (1991) defined CSCW or
Computer Supported Cooperative Work as a computer-based network for a group to work.

CSCL is different from CSCW for the aspect both of the focus and the intended purpose.

CSCL focuses on what is being communicated rather than the communication
techniques themselves (Barros & Verdejo, 2001). It has been used in educational
environments to scaffold or help learner to learn together more effectively. Moreover,
CSCL is used to facilitate group activities (Greer et al., 1997 & 1998) and support the work
that cannot be done through face-to-face interaction — but it is not meant to replace face-to-
face interaction. CSCL is concerned with various aspects such as social, psychological, and

learning effects.
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3.1.1 General notion of CSCL

As defined by Dillenbourg and others (1994), there are three theories of learning which
have been taken into account. These are socio-constructivist theory, socio-cultural theory
and share cognition theory. What we are concerned about here is the socio-constructivist
approach that is used as an approach to cognitive development — focusing further on the

interaction among peers that would increase their mastery of the concepts to be learned.

Socio-constructivist theory, which is a theory that was strongly influenced by the
theories of Piaget (1928, 1932), that is concerned with the cognitive development of the
individual from social interaction. Piaget's work was extended through the empirical study
of Doise and colleagues (Doise, Mugny & Perret-Clermont, 1975). Doise et al. provided
empirical evidence that ‘social interaction’ helps learners in a group achieve more than they
do individually — this neo Piagetian work is related to that on Vygotsky's Zone of Proximal
Development which focuses on what learners cannot do by themselves but can do it with
others, — and later these learners still acquired that particular knowledge/skills individually

when performing similar task as those they performed in a group.

The similarity of socio-constructivist (Piaget, 1932) and ZPD (Vygotsky, 1978) is
that they both acknowledge the intertwined social and individual aspects of development,
but Piaget attributes the primacy to the individual while Vygotsky's work on the ZPD
attributes learning to the social environment. Because our work is concerned not only with
how learners use the information provided through social interaction to improve
individual's cognitive learning but also they use it to improve their group learning
performance. In order to do that, issues relating to metacognition — which is simply defined
as 'thinking about thinking' — and focusing on self-regulation and self-assessment are

expressed in section 3.1.2.

As defined by Wikipedia (2007), social interaction is a dynamic, changing
sequence of social actions between individuals (or groups) who modify their actions and
reactions according to the actions by their interaction partner(s). Social interaction, for such
an experimental approach, would be treated as if it were a black box, which cannot be

opened to see what is inside. However what we are concerned with here in this thesis is not
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only to examine whether or not learners benefit — in this case is to get a higher post-test
score — from learning in a particular collaborative learning environment. We also need to
know more about the causality of these particular results. Consequently, the relation

between the changes in cognitive development and social interaction is considered.

In order to understand what is going on when learners perform the group task
together, information about social interaction should be revealed in some way. One way of
doing so is to develop a computational model (Dillenbourg and Self, 1992b). Allowing
learners to communicate to their peers while doing the group task, and then manage to
represent this information as a learner model might help us to extract what is going on
within the learning process. More details about applying such a computational model with
the mapping of the changed cognitive improvement during the social interaction are

expressed in section 3.1.3.

We could, like with many other studies examine learning gains using a pre/post test
design with the treatment being a collaborative activity. The result from the difference
between pre-test and post-test performance could be used to tell whether learners benefit

from collaborative learning or not.

3.1.2 How self-regulation and metacognition works with CSCL

In order to understand how collaborative learning works we need to be concerned with
theory of mind and metacognition. Theory of mind is a cognitive ability to understand others
in order to interpret their mind in terms of theoretical concepts of intentional states such as
'beliefs' and 'desires'. Because we cannot directly connect to others' minds, what we can do

is to guess other intention from both implicit and explicit information they perform.

The beliefs of self or others that we have in the matter of collaborative learning can
be both precise and not precise. It depends on the ability of particular learners on self-
assessment and other metacognitive skills. In order to give the effective reaction or
response to specific participants, what learners should be aware of are considered into three
periods that are before doing the task, during doing the task and after doing the task. Self-

regulation is introduced as a method of controlling what we try to do in the effective way
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(Zimmerman, 1998; Randy, Isaacson & Fujita, 2006). Applying Schraw's self-regulation,
the group regulation is displayed in Figure 3.1.

1. Check lists for developing a plan of action (Before performing a task)

- How much does my peer know?

- How much prior knowledge do I have?
- How can | get my peer to help me?

- What should we do first?

- How much time is needed to complete this task?
2. Check lists for Monitoring a plan of action (During performing a task)

- How are we doing?
- Can | make a group contribution?
- How should | proceed?

- What do we need to do if either you or | don’t understand?
3. Check lists for developing a plan of action (After performing a task)

- How well did | do?

- Did we do more or less well than what we had expected?
- What could | have done differently?

- Did we learn more?

- How well have | helped my peer to learn better?

Figure 3.1. A group regulatory checklist applied from Schraw's

According to the 'checklist' that we applied from Schraw's regulatory checklist,
there are three lists are explicitly used in our work. These lists are how much does my peer
know?, how much prior knowledge do I have, and how are we doing. The list of how can I
get my peer to help me? In addition what should we do first? Are not explicitly used but can
imply further from the conversation that the pairs make during the group-test. At the end of
the post-test, we do not plan to ask learner to assess themselves or their peers so there is

none of these lists is applied and used in our system.

In collaborative learning, there is a need not only to understand themselves but also
to understand others that motivates our concern to include notions of theory of mind. Thus
knowing how the group is doing and reflecting upon this, the learner also needs to
understand themselves so that they can determine their strength and weakness. At the same

time, they may need to take into account the knowledge of their peers and the potential for
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their peers to help them. There are experimental results about the benefit of self-regulation
that are used as method for metacognition on learning (Soller, 2001; Dimitrova, 2003;

Gama, 2004).

We believe that self-assessment is one of the process used for self-regulation to
compare what learners have done to the correctness. In this work, we scope self-assessment
onto the expression of their thoughts and their beliefs about their peers according to the
provided group learning performance. We have an assumption that from the provide
information of group learning performance, learners who have precise self-assessment

might have precise peer-assessment.

According to the benefit of metacognition on learning performance (Gama, 2004;
Zimmerman, 1998), this work tries to show that learners who are accurate on both self-
assessment and peer-assessment can be expected to have better learning performance in

collaborative learning.

3.1.3 How 'communication' works with CSCL

Collaborative learning is interpreted here in two distinct ways - the way that learners help
each other in a group and the way that a teacher or a learning system helps the student to
gain a better understanding (Dillenbourg, 1996). Teaching collaboratively helps learners to
learn skills and ideas initially in their ZPD (Vygotsky, 1978) which is why 'collaborative

teaching' is important.

As defined by Vygotsky, The Zone of Proximal Development is the distance between
the actual development level — as determined by independent problem solving, and the level of
potential development — as determined through problem solving under adult guidance or in
collaboration with more capable peers (1978, p. 86). Murray and Arroyo (2002) implemented
a learner model to support the concept of ZPD — their work illustrated that the student who
masters material collaboratively today can master it individually tomorrow. Moreover the
concept of ZPD has been utilised in other research — such as that of Ecolab (Luckin & du
Boulay, 1999), HOMEWORK (Luckin et al, 2006) and CKC (Hansen et al., 1999). Both
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Luckin and Hansen defined the framework for measuring ZPD and using computer

technology to extend the use of the ZPD concept.

In this work we are concerned not only with how well learners did individually
after they worked with others but we are also concerned with what learners cannot do on
their own but can do with others. Therefore we drew on both the theory of socio-
constructivism and the concept of ZPD to examine the cause of social interaction that

impacts on group performance and might be the cause of individual cognitive development.

According to socio-constructivist theory, talk with others as a social interaction
helps learners improve individual cognition. For the social interaction, we are concerned
with using a text for exchanging beliefs. The ways of using a text to exchange beliefs are
introduced as free-text, semi-structured and fixed-text. The free-text is the most flexible
technique to send texts to others such as email, web-board, etc. This technique is suitable

for human-human combination with using computer as a medium to pass on texts.

However, the aim of applying a computer as a tool to mediate learning is to focus
on how to use what the investigates from the learning process to encourage learning in
some ways. Fixed-text and semi-structured are both possible techniques that can be used to
encourage computer-based learning. With the fixed-text approach, learners can send only
sentences provided by the system while the semi-structured approach lets learners combine
with utterances that sometimes they can type-in freely together with what a system
provides. Rather than the flexibility of communication that humans need, the understanding
of what learners believe via the exchanged texts is what we do not want to miss. As a result,
a semi-structured approach is taken that applies the concepts of dialogue games and

sentence openers are introduced in this thesis as a technique for using in the chat-tool.

Related to the idea of ZPD is that the idea that everyone may be in a different state
of learning in a group. Hence with a user model, either a personal or a group model, it is
possible to individualise the level of knowledge to provide a suitable degree of reflection
(Luckin & du Boulay, 1999; Goos, Galbraith & Renshaw, 2002). However for developing
more efficient collaborative learning, empirical studies have changed the focus from
'establishing parameters' to trying to understand the role such variables play in mediating

interaction.
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3.2 Group Learner Model

There are not many researchers who work on building a group learner model’. Paiva (1997)
introduced two scenarios that represent her notion of a group model. The first is to combine
multiple individual models for the possible peer group (Hoppe (1995); Bull and Smith
(1997)). The second scenario is about learners who interact with the collaborative
environment for which all of these properties should be considered: a shared-task space, a
communication space, authorisation to see the communication, a domain model and an
individual-task space (Soller, 1999 & 2001 & 2005). In this research we will consider
group learner models in three ways: generating, updating and representing. Next, the
explanation of generating and updating are introduced in this section. The detail of
representing the model will be explained later under the topic of 'Opening the group

learner model'.

3.2.1 Representation of group learner model

The group learner model is introduced here in two scenarios: combining from multiples
individual models, and generating from the interaction within the collaborative
environment. To combine the group models from individual models, the information of

individual model are manipulated using specific merging formulas (Bull & Smith, 1997).

The way of representing this group model for the first scenario can be done the
same way as representing an individual model which can be represented as graph, text, the
combination of both graphic and text (Bull et al., 2005), skill meters, conceptual graphs
(Dimitrova, 2001; Zapata-Rivera & Greer, 2001; Van Labeke, Brna & Morales, 2007), etc.
The factors that should be considered for this matter of representation are accessibility —
who can access the model?, which information can be seen and which cannot?, role of time
— when learners can see the model?, when it shows, it shows for a specific period or
forever?, access method — Is it viewable, inspectable, editable, negotiable?, presentation —

textual, graphics, etc (Cumming & Self, 1991; Bull & Kay, 2005).

Here, a group learner model is used to give information back to the learner to help improve

learning.
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The second scenario is different from the previous one by focusing on using the
information during the group learning to manage the group model. There are various types
of information that can be used to represent the group model depending on the aim of the
research. Soller and others (1999, 2004, 2005) investigated the combination of eight roles
of sentence openers: argue, mediate, inform, request, motivate, acknowledge, maintenance,
and task to communicate. The combination of percentage for using these roles is used to tell

whether the particular conversation is either balance or supporting or not.

Using sentence openers to elicit what learners believe is applied in our thesis but
we do not include the eight roles that are introduced in Soller's work. That is because the
purpose of these roles is to check for the combinations of effective communication in the
group learning situation that we are not concerned with at this point. Moreover, we decided
to apply both scenarios of representing group model by defining IdealGLM for the group

model of the first scenario, and GLM for the group model of the second scenario.

3.2.2 Generating the group learner model

Most people see the group model as some kind of addition of individual models. Hoppe
(1995) combined multiple individual learner models with the aim of forming more effective
peer groups though Paiva (1997) looked for something better by combining the concept of a
group model with an individual learner model to construct a basic framework for models in

collaborative situations.

However PairSM (Bull & Smith, 1997), a model that applied a simple picture and a
set theory equation to illustrate the group learner model, seems to be interesting because it
considers a group learner model together with the notion of the ZPD even though the group

model comes from a simple combination of the individual learner models.

S1S2 =SM1 00 SM2 [J SM S1&S2

Figure 3.2. An equation for generating group model from Bull & Smith (1997)

The explanation above can express a group model as an equation in Figure 3.2,

which SM represents the knowledge of an individual learner, and SM S1&S2 represents
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knowledge that the two can display only when working together. Referring scenarios of
group model above, our work borrows ideas from Paiva's and PairSM to generate the group

model for Collaborative Learning with consideration to ZPD concept.

The IdealGLM is generated from the combining of two individual models using the
'union' and the 'intersection’ of the set as formulas for the group model. The GLM is
generated from the transformation values of the exchanged beliefs of the group members
during the group-test. In order to elicit what learners exchange during the learning process,

dialogue game and sentence openers are applied.

The dialogue game (Burton, 1998; Dimitrova, 2003) is used for assigning the roles
for learners. For the simplicity, this work occupied only two roles that are 'Questioning’ and
'Informing’. These roles are represented by fourteen sentence openers one of which is used
to compose a sentence for communication. The detail of how GLM and IdealGLM are

generated is explained later in Chapter 4.

3.2.3 Managing the Interaction of group learner model

The intention of this work is to try to understand what is going on between learners when
they perform a group task in the learning environment developed for this research
(Dimitrova, 2003; Brna & Burton, 1997). In order to do that we provide a chat-tool that
allows them to express what they believe in a sensible way. Learners are not allowed to
type freely but to use the provided utterances instead. A dialogue game defined by Levin
and Moore (1980), and used in Dimitrova (2003), Burton and Brna (1996), is a knowledge
structure that represents multiple turn dialogue patterns organised around specific dialogue

goals.

Natural language is excessively complicated to deal with while fixed text lacks
flexibility for learners to state for what they want. Fortunately there is a semi-structured
approach that obtains the benefits of both flexibility of typing together with enabling a
computer to investigate processes while they performed a group-test (Jermann & Schneider,
1997; Baker & Lund, 1996). As a result of that, a semi-structured approach that applies

concepts of dialogue games and sentence openers is used in our chat-tool.
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A dialogue game is used to convey a set of beliefs and goals. Burton (1998),
McManus and Aiken (1995) used sentence openers as a mechanism to identify which
speech act is being used. However, allowing learners to fill in anything they like to
complete the provided sentence openers may not be sufficient to identify a speech act.
Based on the above researches (Dimitrova, 2003; Brna & Burton, 1997; Levin & Moore,
1980; Burton & Brna, 1996; Burton, 1998; McManus & Aiken, 1995), we develop a set of
sentence openers together with additional structure (termed complements) as dialogue
utterances. The rules of the dialogue game will restrict the use of dialogue utterances to
ones permitted by the state of the game. Analysis of each move will be used to update the

score indicator in the group learner model.

STYLE-OLM (Dimitrova, 2003), and /CLS (Soller, 1999 & 2001) use different
means of tagging individual moves in the interaction. STyLE-OLM uses the notion of a
dialogue game for communicative interaction between a learner and the system, while the
OLM concept allows student to inspect and negotiate their own model. Mr.Collins (Bull et
al., 1995) aims at improving learning through promoting reflection by giving a chance to
both students and a system to defend their beliefs using the difference of confidence in
beliefs between the learner and the system. Whether learners can challenge and negotiate
models through menu, changing models ultimately depends on the rules programmed into

the system.

ICLS (Soller, 1999 & 2001) is an 'Intelligent Collaborative Learning System' that
provides a good example of the use of senfence openers. This emphasises the role of
communicative interaction. The ICLS system classifies groups of sentence openers, helping
the group know how well they perform. In our work, we borrow the idea of dialogue game
and sentence opener for the communication interaction and the level of confidence for their

beliefs to generate the learner model.

The group learner model is introduced in our work as both GLM and IdealGLM in
respect to different representations of the learning performance — GLM and IdealGLM. The
IdealGLM is generated from the combining of two individual models for the group model
that the system expects if these two learner perform group-test together. However during
the real situation of the group-test, the information of the group model is unpredictable.

Therefore dialogue game and sentence openers are introduced for communication method
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that used to elicit the exchanged beliefs of learners. These exchanged beliefs are
transformed into the values that can be used for managing and updating the GLM. More
detail of how GLM and IdealGLM are generated, updated and represented is explained in
Chapter 4.

3.3 Group Open Learner Model

Brna(1998) investigates collaborative relationships with a specific interest in collaborative
student modelling. Collaborative learning is good in the way of encouraging peers to learn
and teach each other whereas open learner modelling gives the learner an opportunity to
inspect or sometimes challenge their user model to make it more accurate (Brna, 1999). Is it
possible to merge these two effective concepts together? Mr.Collins (Bull, Pain & Brna,
1997) contains the idea of collaborative learner modelling which student and instructor
(computer) help each other to build the model by inspecting and challenging. In this point,
the instructor can decide what the student’s answer is right or wrong (In this case, the
system has more power than student does). PeerISM (Bull & Nghiem, 2002; Gan, 2001) —a
human-human peer system, is an environment where students use feedback from each other
as an inspector of their model but in case that both cannot accept the same thing they have

to report to teacher.

3.3.1 'Opening' the group learner model

The notion of a GOLM emerges from the combination of a 'group model’ and an ‘OLM”.
An ‘OLM’ is simply thought of as an aid to reflection while a ‘group model’ is a more
complex concept. While there are many examples of research that use a group model, there
are few that can define the OLM in a way that differentiates clearly between the emerging

properties of the group and the properties of the individuals involved OLM.

For our work, we especially need to define what exactly the group model is, how it
works, and precisely what the model includes. We take as a starting point Paiva (1997) who
considers a group model as ‘a way of capturing the aspects that identify a group as a
whole’ and it may include group beliefs, group actions, group goals, group misconceptions,

differences between individuals and group conflicts.
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Less has been done with GOLMs though Zapata-Rivera and Greer (2001 & 2004)
found that students could be very confused when seeking to understand their GOLM.
However, this GOLM was developed by a group of students working together with a single
instance of Zapata-Rivera's ViSMod system. Referring to the external representation of the
previous chapter, our group learner model will be displayed as a bar-chart and textual
explanation (Mayer, 1997; van Someren et al., 1998; Ainsworth, 1999; Kulyuga et al.,
1999). The further detail of external representation of GOLM as IdealGLM and GLM is
explained in Chapter 4.

3.3.2 Example of systems that explicitly applied ZPD concept for

OLM in collaborative learning environment.

There are many systems that are used for collaborative learning, some of which refer to the
concept of ZPD, some reflect back the learner model to an individual student and a very
few use a GOLM but how many of them contain both concepts of reflecting back group
knowledge and explicit use of the notion of the ZPD? Six systems have been selected as
representative of the state of the art; these are compared. More details of these six systems

are explained later in the chapters.

Table 3.1. The comparison of systems
to represent concept of ZPD, individual and group leaner model

Did they reflect
Did they use the Did they reflect
System’s back to
References ZPD concept back the group
name individual
explicitly®? learner model ?
learner?
Mr.Collins (Bull et al., 1995) No Yes No
PairSM (Bull & Smith, 1997) Yes Yes Yes
(Luckin & du Boulay,
ECOLAB Yes Yes No
1999; Luckin, 1998)
ICLS (Soller et al., 1999) No Yes Yes
i (Zapata-Rivera & Greer,
ViSMod" No Yes No
2001 & 2004)
STyLE-OLM (Dimitrova, 2003) No Yes No

' 'We mean that internally there is a model of the learner that represents ZPD in some direct ways.

"' Another version of ViSMod describes some works with a group model but not the kind that we are

interested.
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According to Table 1, ViSMod, STYLE-OLM and Mr.Collins are systems that reflect
back only to individual learners whereas Ecolab use both the concept of ZPD and reflecting
back the model to each learner. /CLS reflects back both individual and group learner
models. Even though PairSM reflect back meet all three requirements but the learner model
that reflect back to learners are merged from the information of individual learner models.
The first question is why a group model is utilised and the second is how are we going to

generate, manage and represent the group learner model?

In our research we focus on a GOLM for collaborative learning. The group learner
model will borrow ideas from Paiva and Bull's PairSM to generate the group learner model
while taking the notion of the ZPD into account. Dialogue game and sentence openers will
be used for communicative interaction whereas it is planned to use a bar-chart and textual

explanations as mirroring tools to represent the learner's beliefs and knowledge.

3.4 Summary

This chapter firstly gave the general idea of 'collaborative learning' and then shaped this to
the specific definition as a group of two learners performing a group-test. The theory of
'socio-constructivist' is used with the addition of further looking into the social interaction.
From the perspective of socio-constructivist, self-regulation and self-assessment are applied
in order to understand how an individual's cognition improves. Only some questions in
Figure 3.1 are explicitly used to express self-assessment and peer-assessment. During the
group-test, learners are able to exchange their beliefs via the provided chat-tool.
Respectively to social interaction, we utilised button interface rather than using free-text
because we aimed to investigate what is going on while learners talk to each other. Even
though a free-text approach seems to be the natural way for learners to exchange beliefs and
easier to use than a button interface. The related useful information of learners during the

group task are managed and kept in the learner model.

Applying the concept of GOLM to manage and represent information about
learners as a group might help them to improve individual self~awareness that are

considered as a subset of self-regulation from seeing the external representation of
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IdealGIM and GLM. Moreover with the benefit of collaborative learning which is
introduced by Vygotsky as ZPD concept, learner can get over their actual performance

when do it with peers.

As that result, if learners get either higher learning concept scores or degree of
confidence (compare results of post-test to pre-test) when learning in the computer-based
collaborative learning environment, this would imply that learners can benefit from
interacting with this group learner model — IdealGLM and GLM. Nevertheless there are
many undesirable, uncontrollable factors that might occur when assigning humans to work
together. Therefore what happened in one situation can only be used as an implication as
plausible situation for the other. As well as what happened as a result in this thesis cannot

guarantee the result when applied in other circumstances.
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Chapter 4

The Domain of 'GOLeM'

Within this chapter, the advantages of the group learner model coupled with collaborative
learning will be illustrated via the following: an illustration of learning in a group of two, a
detailed explanation of testing methodologies, and a detailed explanation of the IdealGLM
and GLM results. Firstly, the concept of collaborative learning as it applies to this study is
introduced in order to give the view of whom this system will be effective. Later the
scenario view of how this system work is explained. The aim of this detail is to provide an
idea of how we applied the concept of group learner model, collaborative learning and
communicative interaction to build the system called 'GOLeM' to work in a specific context
of GOLM. After having a view of how this system works, we then continue to work on the

concept of GOLM.

The three domains, which are considered as core parts of GOLM are domain
knowledge, group learner model, and communicative interaction. These domains are
responsible for generating, updating, and representing the group learner model. The domain
knowledge provides the idea of what we are concerned about and how to manage the
learning content. Without this domain, we do not have a clue of what should be measured,

of what is right, and of what is wrong.

The next domain is the domain of group learner model, which focuses on
generating, updating, and representing the information of the group learning performance.
Applying this domain together with the domain knowledge, Ideal/GLM is generated from
the learning performance of individual learners. The generating and updating of the GLM
corresponds to the information from communicative interaction during the group-test. The
Ideal GLM and GLM are represented as bar-chart and textual explanation and are provided

to learners if required.
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4.1 Participants in GOLeM

The participants in GOLeM obtain the benefits of perceiving learning performance as
ldealGLM and GLM. In order to show the benefits of perceiving learning performance, we
first explain the reasons for choosing group learning rather than individual learning. Then
we continue with an explanation of participation that includes the number of group

members and types of participation that makes a group that works more effectively.

4.1.1 Individual learning vs. collaborative learning (ZPD)

Nowadays many researchers give more credit to learning in a group than as an individual
because of effectiveness. The statistical analysis on the test scores in Gokhale’s research
illustrated that students who participated in collaborative learning performed slightly better
in drill-and-practice tests and significantly better in critical-thinking tests than individual
learning (Gokhale, 1995). The classifications for Bloom’s Taxonomy: knowledge,
comprehension and application were categorised as a drill-and-practice, while synthesis,

analysis and evaluation were categorised as a critical thinking (Bloom, 1956).

The content of number-conversion that is applied in GOLeM aims at improving at
least the knowledge and comprehension referred to within Bloom's Taxonomy. Therefore,
the testing scores should not be much different from the results already stated within
Gokhale's research. However, in practice there are many factors that influence the test
results, especially time and the familiarity of the student with the test. Sometimes learners
cannot share how they think or calculate step-by-step because the answer is automatically
generated in their brains but ideally, the test should show what the participants think they

know.

In our point of view, collaborative learning should focus on the way that mutual
participants (Burton, 1998) engage to solve the problem and accept the result of the group
together. The result of the group will be pass or fail depending on all of the participants. All
participant decisions have the same priority of significance. The decisions of the group will

be all (participants) for one (group result) and one for all.
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4.1.2 How to group participants more effectively

From the group learning perspective, many variables affect learning performance. For
example, number of the group members, prior knowledge of the group members, the
method of grouping, gender, age, nationality, social background, can all affect learning
performance. In this work, we are concerned with two factors — number of the group

members and prior knowledge of the group members.

4.1.2.1 Number of the group members

Collaborative learning, by the definition of Dillenbourg (1999), is “the situation in which
two or more people learn or attempt to learn something together”. Within my learning
context, we choose a learning group of two members rather than three members for the

following reasons.

First, one member’s performance can be implied from the other group member.
However if the members are more than two, it is more complicated to imply the
performance of other group members. For example if the group of A and B has belief about

X but A does not know about X, it implies that B has a belief about X.

Second, in the group of two, the members have a better chance to share ideas with a
peer than in a group of three, sometimes when two members discuss with no channel for
the other member the other member can become bored. Even if the channel is opened for
the other member to join, if he/she doesn’t want to talk, no one knows that he/she has

learned or not.

Diversity of ideas is one reason for learning collaboratively (Soller, 1999 & 2001).
It is suitable for the task that needs more diversity of ideas, more members increases the
amount of diversity, from different backgrounds of members and requires a lot of time.
However, in some learning domains a group size of two or three gives almost the same
result of diversity but a group size of two members can be easier to control and provides a
result in a shorter amount of time. Therefore, we focus our collaborative learning on mutual

peers in a group of two.
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4.1.2.2 The way of grouping rely on 'prior knowledge'

The group participants are focused on the learners who already know about number-
conversion, especially on the conversion of base-2, base-8 and base-16 into base-10. The

participants that will be used here are undergraduate students in the 1* to 4 year of study.

These students are classified by the use of the 30-item questionnaire test and then
split into two groups, high-score group and low-score group, according to the test scores.
Within this work, learning groups are considered in three different cases, which are to pair
students who have high-score together, pair student who have high-score with low-score,
and pair students who have low-score together. Paring is done by researchers corresponding
to the 30-item test scores. More information of grouping and test results is explained further

in Chapter 6.

4.1.3 Conclusion of the participation in GOLeM

In this work, the focus of participants in collaborative learning falls within peer learning
under the investigation of an expert peer. The method of grouping is concerned with two
member groups and grouping under the condition of prior knowledge in three member
groups. The result from each group type is analysed separately and as a whole to see the
difference between group types and later is applied to the difference in learning

environments. More information of grouping and testing results is explained in Chapter 6.

4.2 Scenario View of GOLeM

Within this section, we aim at focusing our idea of GOLM into a specific context, which
allows learners to communicate with peers during the group test and provides the learning
performance as IdealGLM and GLM. After developing this focus, learners can get a higher
testing score or degree of confidence in group-test than pre-test. In order to build such a
system, we are concerned with how to get accurate information to update the group learner

model, which will be given back to learners as Idea/GLM and GLM for a particular time.
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To elicit the information within the group-test, allowing learners to express what
they believe is simple and straightforward. However doing that does not help if the system
cannot interpret useful information from what learners expressed. Therefore, the chat-tool
that we have in mind allows learners to exchange their beliefs and at the same time allows
conversation investigation by the system. The detail of the conversation is interpreted into
concept-score, which is used to generate, update, and represent group learning performance
as GLM. Further detail of what components this system consists of and how each

component works, will be explained later in the chapter.

Figure 4.1. The scenario view of GOLeM

Referring to Figure 4.1, it can be seen that the system is made up of five steps
designated alphabetically from A to E. Starting with step A; the learners do the test
individually as a pre-test. Then the system provides the learning performance as IdealGLM
if required (Step B). After that, learners continue to do the group-test (Step C) in which they
can communicate with peers via the chat-tool. After finishing each question of the group-
test, group members are able to see the learning performance as GLM if required (Step D).
Later when finished with the group-test, these learners do the individual test again as a

post-test.

Step A: Two learners login to the system and decide to learn together. After that, they
do individual pre-tests and submit the results to the system after they finish. The results

consist of their answers and their degree of confidence for each question item. Once their
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task is submitted to the system, their score (concept-score), the measurement indicator of

their performance, will be calculated.

Step B: Learners request to see how well they perform as an Idea/GLM, which is
provided through bar-chart first, and later with textual explanations if learners require
seeing further detail. During this step, learners are requested to finish the questionnaire

before asking for IdealGLM.

Step C: Learners do a group task and exchange their beliefs about the content via the
provided chat-tool. For each step, every sentence that a learner composes and sends to their

peer will be interpreted in order to update the GLM.

Step D: After finishing each question of the group-test, learners can require seeing
how well they perform as a GLM, which is provided through a bar-chart first, and later
with textual explanations if learners require seeing further detail. During this step, learners

are requested to finish the questionnaire before asking for GLM.

Step E: After finishing the group-test, learners continue doing an individual post-
test, and submit the results to the system. The results consist of their answers and their
degree of confidence for each question item. Once their task is submitted to the system,
their concept-score, the measurement indicator of their performance, will be calculated and

the system is terminated.

All direct and indirect information of the pre-test, the group-test, and the post-test
will be considered to see whether there is any benefit from learning in this computer-based
collaborative learning environment. Further explanation of the system testing results is
presented later in Chapter 6. The next three sections are about the core domains applied in
GOLeM. Within section 4.3 an explanation of the following will be provided, the domain
knowledge, what will be contained in this domain, how to confirm the validity of the
content, and how to measure participant knowledge. Next, in section 4.4 the application of
the dialogue game and sentence opemners within the chat-tool to elicit what learners
communicate during a group-test is illustrated. Later in section 4.5, the generating,

updating, and representing of the Idea/GLM and GLM are explained.
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4.3 The Learning Concept Applied in GOLeM

As mentioned above, the first core domain, which is needed in GOLeM, is domain
knowledge. Firstly, in section 4.3.1, the reason for choosing number-conversion as learning
content is explained. Secondly, in section 4.3.2, the concepts that need to be learned are
defined for the conversion of base-2, base-8 and base-16 numbers to base-10. Thirdly, in
section 4.3.3, the 30 item multiple-choice test is produced to test for the suitability of the
content and the validity of the test. Fourthly, in section 4.3.4, there are explanations of six
learning concepts, which are revised from four learning concepts that were applied in the
paper-based test. Then later in section 4.3.5, the application of these six learning concepts

into four questions of the test and ending with the summary in section 4.3.6.

4.3.1 Why we choose number-conversion

For the research, there was a need to find a topic that is reasonably easy to generate
questions suitable for undergraduates, as these students were judged able to cope with open
learner models more easily than schoolchildren. It was also important to find an area for
which it was easy to recruit participants. For pragmatic reasons, a domain was chosen that
was within my area of expertise — i.e. Computer Science. The curriculum of the Department
of Computer Science and Technology, Kanchanaburi Rajabhat University, Thailand

suggested that number-conversion was appropriate.

The knowledge of number-conversion is used as background for improved
understanding in many subject areas within Computer Science such as Computer
Architecture (Peterson, 1978), Microprocessor, Assembly Language (Leventhal, 1979) etc.
In computing, because computers and humans do not understand the same language, we
have to learn to understand how computers work in order to use them more efficiently.
Actually, commands being executed by the computer rely upon a base-2 representation
whereas humans are taught to understand base-10. To understand more deeply how
computers work, learners have to know about base-2, base-8, and base-16 for the relation

between themselves and base-10.
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However, from the experience of teaching these subjects, misconceptions about
number-conversion caused many problems and led to delays in learning of the higher-level
subjects, boredom, frustration, etc. In order to prevent such a problem, the idea of providing
a system that learners can use to test them and improve their understanding in number-
conversion emerged. This idea was extended to the introduction of a computer-based
collaborative learning system called GOLeM. Next, the plausibility of utilising the content

of number-conversion is examined to verify its suitability for the target group.

4.3.2 How do we know this content is suitable for the target group?

During my four years of teaching experience in subjects of Assembly Language, Computer
Architecture, problems in number-conversion always occurred with learners who had
already learned this topic. According to the curriculum of the Department of Computer
Science and Technology, Assembly Language is taught in the 2™ semester of the 2™ year
while Computer Architecture is taught in the 1 semester of the 4™ year. Based on this, my
first assumption was that the content of number-conversion might be suitable for 2™ year

and 4™ year students.

In order to confirm the plausibility of this content, a 30-item multiple-choice test
was produced in English and approved by my supervisor who had experience in number-
conversion. Later this test was translated into Thai, tested with a couple of participants who
had already graduated in computing before using this test with 122 students in the
Department of Computer Science and Technology selected from each year between the 1%
and the 4™ year. The test results showed that normally the ones who got the higher scores
had already learned about this concept. However, some of them still got a low score almost

certainly owing to forgetfulness and misconceptions.

Because of the way in which the curriculum is taught, students normally graduate
within three and a half years. Therefore, it was decided that the target group for further
research would be students in the 2™ and 3™ year if the test was to take place in the 2™
semester or 3™ and 4™ year if the available time for the test were the 1* semester. Next, the

validation of the test in terms of difficulty level and item discrimination is introduced.
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4.3.3 How to confirm the validity of the test?

The wvalidity of the items used was tested using the following steps. Firstly, the 30-item
multiple choice test was produced and then approved by my supervisor who had experience
in the content of number-conversion. After that, this test was translated into Thai and
approved by English, Thai and Content experts for the reliability of the test in the Thai
language. Next, the test was distributed to two participants experienced in number-
conversion. The test results and comments were used to revise the test to produce a more

reliable version.

The final version of the 30-item test was used with 122 participants. The results
showed that, for the difficulty level, there were 6 items classified as 'Quite easy', 14 items
classified as ‘Moderate’ and 10 items classified as 'Quite difficult' (See details in Chapter
6). For item discrimination there were 2 items classified as 'Very good', 17 items classified

as 'Good', 10 items classified as 'Fair' and only 1 item classified as 'Should be improved.'.

It can be concluded that this test is reliable in relation to the aspects of difficulty
level and item discrimination (Kubiszyn & Borich, 1984; Miller, 1972; Townsend & Burke,
1975; Gay, 1980). Next, the six learning concepts, which were used to represent the content

of number-conversion, are introduced before applying in specific question types.

4.3.4 The revised version of the six learning concepts

The content of number-conversion was initially represented in terms of four learning
concepts. Each concept has subsidies for each specific question number of five questions
that are applied in the paper-based test. After investigating the results of the tests, we found
out that the four concepts that we have do not clearly specify what we want to measure
from the test. Moreover, there is too long of a time (between 1 to 2 hours) for finishing
these five questions as a group-test so we decided to reduce the number of questions to

four.

In the paper-based test, each learning concept is used to represent each question
number, except Question2 and Question3 that were used to represent learning concept2.

However having the result and comments from testing with the paper-based design, we
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realised that each question contains more than one learning concept. Therefore, we
modified our learning concepts into six concepts, which still contained the same overall
idea that the previous one contained. A specific combination of these six concepts is used
for each type of question, which will be explained later. The details for each learning

concept are explained below:

Conceptl: Learners can use the value of each bit position on the left of the
decimal point to calculate for a specific number. (See more detail in 4.4.2.1)
Example of Conceptl: The number on the 1* left of decimal point of base-2
number is equal 2°.
Concept2: Learners can use the value of each bit position on the right of the
decimal point to calculate for a specific number. (See more detail in 4.4.2.1)
Example of Concept2: The number on the 1* right of decimal point of

base-2 number is equal 2.

Concept3: Learners can use the arithmetic operator to calculate for the value
within each specific bit. (See more detail in 4.4.2.2)
Example of Concept3: The value of a number in each bit can be calculated

by x that particular number to the value of that bit.

Conceptd4: Learners can use the arithmetic operator to calculate for the value
between each bit. (See more detail in 4.4.2.4)
Example of Concept4: The result of number-conversion can be calculated

by +(plus symbol) the value of each bit.

Concept5: Learners can transform the given number, which is on the left of the
decimal point into other forms. (See more detail in 4.4.2.3)
Example of Concept5: For base-2, the value of 27 is equal
2x2x2x2X2X2X2x2 .

Concept6: Learners can transform the given number, which is on the right of the
decimal point into other forms.(See more detail in 4.4.2.3)

Example of Concept6: For base-2 , the value of 2% is equal (1/2)x(1/2).
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4.3.5 How each question type relates to the six learning concepts

Table 4.1. The specific concept combination for each question type

Base Question Type Concept combination
QuestionType1 1,3,5
Can be either base-2, QuestionType2 1,3,4,5
base-8 or base-16 QuestionType3 2,3,6
QuestionType4 2,3,4,6

Table 4.1 shows that there are four types of question, which are used in the system
in the form of a multiple-choice test. Each question type contains a specific combination of
concepts. QuestionTypel consists of concept 1, 3, and 5. QuestionType2 consists of concept
1, 3, 5 and 6. QuestionType3 consists of concept 2, 3, and 6. QuestionType4 consists of
concept 2, 3, 4, and 6.

For the simplicity of the system, only base-8 numbers are used. Example of

question types 1-4 are displayed below.

QuestionTypel: What has the same value as the underlined position of 1015 after
being converted into Base10?

a.l x 10°

b.1+(8x8)

c.8x3

d.1x8

QuestionType2: What is the value of the underlined positions of 71565 in terms of
an equation after being converted into Base10?

a.(1 x 8) +(5x 8") +H6x 8%

b.(1 +8%) x(5 + 8") x(6+ 8%

c.(1x8)+(5x8)+H6x8"

d.(1+8)x(5+8)x(6+8"
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QuestionType3: What has the same value as the underlined position of 0.015 after

being converted into Base10?

a. 1x8'
b, 1/(8x8)
c. 0.64
d. 0.01

QuestionType4: What is the value of the underlined positions of 0.4215 in terms of
an equation after being converted into Base10?

a. (4x8)+2x8"

b. (4+8%) x(2+87)

c. (4x8NH+2x8?

d 4+8)x(2+8"

4.3.6 Summary of the learning concepts used in GOLeM

The content of number-conversion is chosen from the teaching experience of the researcher
and the validity confirmed through the testing with experienced participants. Firstly, two
experienced participants did the test before continuing to use the test with 122 participants
selected from each year between the first and the 4™ year from the Department of Computer

Science and Technology.

The result from testing with these 122 participants showed that not only was the
content of number-conversion suitable for the target group but also the difficulty level and
item discrimination are in the range of standard level (See section 6.1 for more detail of

difficulty level and item discrimination).

Moreover, six learning concepts for number-conversion were used to construct the
four types of questions. It can be inferred from each question how well learners performed
for each particular learning concept. In regards to this information, it might help the system
to reflect back exactly which learning concept is their strength and weakness for learning
on number-conversion. Next, the use of a dialogue game and sentence openers is

introduced as a method for composing the sentence within the designed chat-tool.
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4.4 Applying Dialogue Game and Sentence Openers in a
Chat-tool.

In this system, we aimed at giving learners the ability to express their beliefs to their peers.
At the same time, the system can investigate to see what each learner achieved during a
group-test. Sentence openers are used to compose expressions. Respective to the concept of
the dialogue game, the rules of each move are set and applied to each sentences opener in

order to control the flow of conversation in the group-test.

We adopted a simple version of the dialogue game. In this game, there are two types of
moves that learners can apply: ‘Questioning’ and ‘Informing’ (Burton, 1998). Since we
wish to extract more information from the move than whether it is a questioning or
informing move, we have devised fourteen sentence openers. The different intentions

captured are classified as one of the basic moves (‘Questioning’ and ‘Informing’).

The chat-tool is designed around the concepts of dialogue game and dialogue
moves (Dimitrova, 2003; Soller, 1999 & 2001) (with associated dialogue utterances) to
allow learners to exchange beliefs. This will give some reasonable idea as to what the
learners are discussing, where they are facing difficulty, and how they resolve any
disagreements. Dialogue utterances are associated with each of these fourteen sentence
openers. Some sentence openers provide sufficient structure to allow the learners to
complete them with a simple piece of information. Others need additional structure to be
provided (called complements here). The game is terminated when both learners agree with

the answer and the degree of confidence that both have in the answer.

4.4.1 Sentence openers

In the designed chat-tool, sentence openers are used as a control of the flow in the
conversation. Respective to the rules for each move, sentence openers allow the system to
investigate the participants’ knowledge during the group-test. At the very beginning of the
design, there are fifteen sentence openers. After testing this design as a paper-based test, the
number and minor detail of sentence openers was revised. Therefore, applying the revisions

here in GOLeM, there are 14 sentence openers as displayed in Table 4.2.
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Table 4.2. The details of 14 sentence openers

No. | Type of sentence Sentence Detail

1 Informing | agree with you

2 Informing Yes (This answer is used for the Yes/No question)

3 Informing | don’t agree with you

4 Informing No (This answer is used for the Yes/No question)

5 Informing | believe that ...

6 Informing | am not sure but | believe that ...

7 Informing | do not know about this and guess that...

8 Informing | believe that because ......

9 Questioning Please give me further explanation; | would like to know more.
10 Questioning Please go on, | do not want to talk about this any more.
1 Questioning Please you could explain more about ...

12 Questioning Why do you think that...?

13 Questioning Do you mean that ...?

14 Questioning Shall we change the topic?

Start

Figure 4.2: Using sentence oveners with regard to state of the dialoceue game.

Table 4.3. The explanation of symbols represent in Figure 4.2.

54

Represent one of the moves that can be made from the present state. The head of the arrow

is a possible move for the next state

Represent two arrow sides.

showing it is possible to move in each direction

—>

_>
>
O

Represent the state of the move after apply a particular sentence opener
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Figure 4.2, regarding the rules of the game, the number in the circle stands for each
sentence opener described above. The dialogue game is allowed to start using one of
sentences 5, 6, or 7. If one of these sentences is selected as a move, the next possible move
is the sentence that has arrows pointing from the present stage. The game is stopped only
when the present stage involves selecting sentence number 1 and the previous stage
involved one of sentence number 5, 6, or 7 with utterance5. In other words, the game will
be terminated when both learners agree to the answer and the degree of confidence that the

other proposed.

4.4.2 Utterances to complete the sentences

The system provides utterances for all the sentence openers that contain °...” symbols for
the six domain concepts above. The utterances are grouped into five options. Each utterance
is associated with its own rule to calculate specific values used to update the GLM.
Utterancel to utterance4 contain expressions related to number-conversion while
utterances5 is used when a learner wants only to state the result and their degree of

confidence.

4.4.2.1 Utterancel

The number on the A B of decimal point of C number is equal D.

Example of utterancel

The number on the 1* right of decimal point of base-2 number is equal 2°.

In a position A, the order of I, 2, 3% 4™ 5" 6" 7" and 8" can be applied. The
value of right and left are applied in position B. For the simplicity of the system, position A
and B are combined and used as one filling gap. In a position C, the values that can be
applied here are base-2, base-8, and base-16. The values that can be applied in position D
are under three bases: base-2, base-8, and base-16. . The values of base-2 are in the lists of
28 27 ..., 27 2% The values of base-8 are in the lists of 8%, 87,..., 8,8%. The values of base-
16 are in the lists of 16, 167,..., 167,16°.
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4.4.2.2 Utterance2

In order to calculate for the value of each bit, the operator A is used for doing a calculation.

Example of utterance?2
The value of a number in each bit can be calculated by x (multiplication symbol)

that particular number to the value of that bit.
The values that can be applied in position A are arithmetic operators: + (plus), -

(minus), x (multiply), and / (division).

4.4.2.3 Utterance3

For A, the value of B is equal C .

Example of utterance3

For base-2 , the value of 27 is equal 2x2x2x2x2x2x2x2 .

In a position A, the values that can be applied here are base-2, base-8, and base-16.
The values of right and left are applied in position B. The values that can be applied in
position B are under three bases: base-2, base-8, and base-16. The values of base-2 are in
the lists of 2%, 27 ,..., 27,2%. The values of base-8 are in the lists of 8%, 87,..., 8 ,8%. The
values of base-16 are in the lists of 16®, 167 ,..., 167 ,16". The values that are applied in
position C are displayed in terms of the other representations that are equivalent to the

value in position B.

4.4.2.4 Utterance4:

The result of number-conversion can be calculated by A the value of each bit.

Example of utterance4
The result of number-conversion can be calculated by + (plus symbol)the value of

each bit.
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The values that can be applied in position A are arithmetic operators: + (plus), -

(minus), x (multiply), and / (division).

4.4.2.5 Utterance5:

Choice A is the correct answer with degree of confidence B. (level 1 is lowest and 10 is

highest)

Example of utterance5
Choice A is the correct answer with degree of confidence 9. (level 1 is lowest and

10 is highest)

The values that can be applied in position A can be a choice of A, B, C, or D. While

the value that will be filled in the position B is a number from 1 to 10.

4.4.3 The use of sentence openers and utterances

This topic illustrates how sentence openers and utterances are used. Referring to the rules
of the game applied to each sentence opener, a learner can make a move when the turn is
provided. The examples below are an actual conversation that learners perform during the

group-test.

For each question item of the group-test, the system provides the information of
what members have done individually and state as belief of the answer and degree of
confidence. In an example below, Learnerl5 and Learner16 are paired to do the task
together. They have the same answer but a different degree of confidence. At this time, the

turn is given to Learner16.
Examplel:

The detail of the answer and degree of confidence in this question for Learnerl5 and
Learner16 are Learnerl5 choose to answer choice C with degree of confidence 10 while
Learnerl6 choose choice C with degree of confidence 8. Please give reasons of your

answer by composing sentences with the provided utterances (start with Learner16)
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Learner16 said: (5) I believe that... (1) The number on the 2™ left of decimal point of base8
number is equal 22,

Learner15 said: (1) I agree with you.

Learner16 said: (5) I believe that ... (2) the value of number on each bit can be calculated
by multiplying that particular number to the value of that bit.

Learner15 said: (1) I agree with you.

Learner16 said: (5) I believe that ... (3) for base8, the value of 8' is equal 8x1.

Learner15 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 4.

Learner16 said: (1) I agree with you.

In examplel, the conversation starts with Learnerl6 choosing sentence number 5,
which contains the symbol ..., so an utterance is required as a complement. According to
the rules of move, the sentence that can be used after applying sentence number 5 are the
sentences in the list of 1, 3, 5, 6, 7, 9, 10, 11, and 13. In this case, Learnerl5 selected
sentence number 1. The next move, the sentences that can be applied are in the list of 5, 6,

7, 13 and 14. Learner16 chose to move on with sentence number 5.

The conversation continued respectively to the turns and the rules of game. In order
to terminate the conversation and move on to the next question, learners should confirm
their agreement on the final answer. To do that one member should choose sentence number
5 with utterance5 for the answer and the degree of confidence, and the other one should
accept with sentence number 1. This example is referred to again in 4.5.2 to illustrate how

the GLM is generated and updated during the group-test.

4.4.4 Summary of dialogue game with sentence openers in chat-tool

In regards to the simple version of the dialogue game, which defined the move as
'Questioning’ and 'Informing’, there are 14 sentence openers applied in GOLeM — the first
eight sentences are defined as Informing and the last six sentences are defined as
Questioning. Each sentence contains it own rules of moving and applying with utterance as
complement. The turn of the conversation is controlled by the system in order to give both

learners equally chance to exchange their beliefs. The rules of using these sentence openers
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whether or not applying with utterances are illustrated 4.4.2. Then continuing with
examples of applying these sentence openers in the conversation, which is explained in

4.4.3.

Next, the use of six learning concepts and the conversation during the use of chat-
tool are illustrated for the matter of generating and updating the IdealGLM and GLM. Later
the representing of group learning performance will be illustrated by the used of bar-chart

and textual explanation.

4.5 Managing the use of Ideal GLM and GLM

During the learning process, it is necessary to keep and update information that may help to
improve the learning performance. The more precise the information we have the more
effective the feedback we can give to learners. The focus of this work is into the domain of
computer-based collaborative learning environment. The group learner model is

represented into two aspects — IdealGLM and GLM.

We focus here on the details associated with generating, updating, and representing
the group learner model. The specific context of the research is number-conversion. There
are two types of group learner model introduced in GOLeM, which are IdealGLM and
GLM. We define a group learner model as a IdealGLM when it is obtained from the
combining of information about individual learners', and we define an GLM when it is
obtained from the interaction between members of the group'. In order to represent
learning performance as IdealGLM and GLM, the concept-score will be displayed in terms

of bar-chart and textual explanation of the chart when learners require further detail.

2 Taken from PairSM (Bull & Smith, 1997), which combines individual learner models to generate a
group learner model.

13 Soller (2001, 2004) focuses on the effective ratio of roles that group members play when they
communicate via the chat session.
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4.5.1 Generating the IdealGLM

An analysis of the domain of number-conversion allowed us to define six learning concepts
(See section 4.3.3). The measurement of the learning performance involves several
indicators relating to these concepts. We selected four types of questions related to

‘number-conversion’, which contained specific sets of concepts (See Table 4.1).

To calculate the concept-score for each concept, we first checked the validity of the
answer, and then used the degree of confidence to calculate the result for each question
item. After that, we used the equations (See Table 4.6) to generate the concept-score for

each domain concept for an individual learner.

4.5.1.1 Example of generating result for each question

The results of individual learning of Learner A and Learner B, who were assigned to do the
group-test together, are shown in Table 4.4. After that the correctness and degree of
confidence for each question is calculated and used as result. The details of result for each

question are displayed in Table 4.5.

Table 4.4. The detail of correctness and degree of confidence for individual pre-test

Question 1 Question 2 Question 3 Question 4
correct | Degree of correct | Degree of | correct | Degree of correct | Degree of
ness confidence | ness confidence | ness confidence | ness confidence

Learner A 1 7 1 4 1 7 0 3
Learner B 1 5 0 5 0 5 0 4
Table 4.5. The detail of result for individual pre-test.
The values in the brackets () display how the result is calculated.
Result Result Result Result
of Question1 of Question2 of Question3 of Question4
Learner A 7 (7x1) 4 (4x1) 7 (7x1) 0 (3x0)
Learner B 5 (5x1) 0 (5x0) 0 (5x1) 0 (4x0)
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4.5.1.2 Example of generating concept-score for six learning concepts

Applying the result of each question in Table 4.5 with the formula in Table 4.6, the concept-

score of six learning concepts for Learner A and Learner B are displayed in Table 4.7.

Table 4.6. The detail of result for individual pre-test.
The values in the brackets () display how the result is calculated

concept-score of six

X Formulas to calculate for concept-score of each learning concept
learning concepts

(result_Q1'" + result_Q2)/2*10
(result_Q3 + result_Q4)/2* 10

concept-score of Concept1

concept-score of Concept2

concept-score of Concept3 (result_Q1 + result_Q2 + result_Q3 + result_ Q4)/4* 10

concept-score of Conceptd (result_Q2 + result_Q4)/2* 10

concept-score of Concept5 result_Q1* 10

result_Q3 * 10

concept-score of Concept6

Table 4.7. The detail of concept-score for the six learning concepts for Learner A and B

concept- concept- concept- concept- concept- concept-

score of score of score of score of score of score of

Concept1 Concept2 Concept3 Concept4 Concept5 Concept6
LearnerA 55 35 45 70 70 70
LearnerB 25 0 12.5 25 50 0

4.5.1.3 Example of generating expect-group-potential-performance in three

aspects.

The generating of IdealGLM — the estimation of group learning performance before
applying the group-test — the concept-scores of each learning concept according to aspects
of intersection, union and average are applied. In the aspect of intersection, the concept-
score of two members are compared. The lower concept-score of each concept after
comparing is used as a lower bound for the expect-group-potential-performance: the range
of performance that is expected the group will achieve. In the aspect of union, the concept-
score of two members are compared. The higher concept-score of each concept after

comparing is used as upper bound for the expect-group-potential-performance.

4 Note that result_Qn is the result for QuestionType n whichn =1, 2, 3 and 4
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The information from both aspects of intersection, union cannot be represented to
learners at the same time because it can be inferred who is right and who is wrong which
may affect the way of learning in group-test. Nevertheless the use of only intersection or
union cannot represent learning performance as a group. As that result the aspect of

average is introduced to concept-score for solving this problem.

The expect-group-potential-performance — known as IdealGLM for aspect of
average — is calculated from the average concept-score of two members. Referring to the
concept-score for each member in Table 4.7, the expect-group-potential-performance for all

aspects of intersection, union and average are summarised and displayed in Table 4.8.

Table 4.8. The detail of concept-score for the six learning concepts
in 3 aspects of the expect-group-potential-performance

concept- concept- concept- concept- |concept-score| concept-
score of score of score of score of of score of
Concept1 Concept2 Concept3 Concept4 Concept5 Concept6
Aspect of 55 35 45 70 70 70
'union
,Aspectof 25 0 125 25 50 0
intersection
Aspect of 40 175 28.75 47.5 60 35
average

Next, the generating and updating of the GLM is introduced in order to clarify what
is being kept in the group model during the group-test that allows learners to communicate

to exchange their beliefs.

4.5.2 Generating and Updating the GLM

The objectives of the group-test are to encourage learners to exchange their beliefs with
peers. Every move, which is made during the test, is investigated and justified by rules,
which will be explained later in the topic. Only the move that is relevant to the specific
question is taken into account for the correctness of the beliefs. For each learning concept,
the following are recorded: concept-score, the number of beliefs that are 'correct', the
number of beliefs that are 'incorrect’. The concept-score of learning concepts that are used
to represent GLM, are calculated from the total concept-score of each learning concept

divided by the number of beliefs that group members contributed during the group-test.
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The relationship between the five options of utterance and the six learning concepts
are defined as 21 rules, which are explained in 4.5.2.1-4.5.2.4. The sentence numbers 5, 6,
and 7 are used to imply the degree of confidence for each move. If the sentence number 5 is
chosen, the concept-score of that sentence is set to the same value. However if the sentence
number 6 or 7 is chosen, the original concept-score will be reduced or the matter of
confidence— by half of applied with sentence 6, and as 1/10 of the original concept-score if
applied with sentence 7. The matter of confidence in each sentence that learners contributed

always applies in updating the six learning concepts.

4.5.2.1 Updating six learning concepts from the correction of utterancel

Rule 1: If the question number is 1 or 3 and utterancel is used and the sentence is

defined as correct then

{ Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Conceptl,
add 1 to the number of correct beliefs for Conceptl

H

Rule 2: If the question number is 1 or 3 and utferancel is used and the sentence is

defined as Incorrect then

add the concept-score of that particular time to the total concept-score of
Conceptl,
add 1 to the number of incorrect beliefs for Conceptl

}

Rule 3: If the question number is 2 or 4 and utterancel is used and the sentence is

defined as correct then

{

Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Concept2,

add 1 to the number of correct beliefs for Concept2
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Rule4:

If the question number is 2 or 4 and utterancel is used and the sentence is

defined as incorrect then

{

add the concept-score of that particular time to the total concept-score of
Concept2,

add 1 to the number of incorrect beliefs for Concept2

4.5.2.2 Updating six learning concepts from the correction of utterance?2

Rule 5:
{

Rule 6:

If utterance? is used and the sentence is defined as correct then

Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Concept3,

add 1 to the number of correct beliefs for Concept3

If utterance? is used and the sentence is defined as incorrect then

add the concept-score of that particular time to the total concept-score of
Concept3,

add 1 to the number of incorrect beliefs for Concept3

4.5.2.3 Updating six learning concepts from the correction of utterance3

Rule 7:
defined

{

If the question number is 1 or 3 and utterance3 is used and the sentence is

as correct then

Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Concept5,

add 1 to the number of correct beliefs for Concept5
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Rule 8: If the question number is 1 or 3 and utferance3 is used and the sentence is

defined as incorrect then

{
add the concept-score of that particular time to the total concept-score of
Concept5,
add 1 to the number of incorrect beliefs for Concept5

H

Rule 9: If the question number is 2 or 4 and utterance3 is used and the sentence is

defined as correct then

{ Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Concept6,
add 1 to the number of correct beliefs for Concept6

}

Rule10: If the question number is 2 or 4 and utterance 3 is used and the sentence

1s defined as incorrect then

{
add the concept-score of that particular time to the total concept-score of
Concept6,
add 1 to the number of incorrect beliefs for Concept6

}

4.5.2.4 Updating six learning concepts from the correction of utterance4

Rule 11: If utterance4 is used and the sentence is defined as correct then

Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Concept4,

add 1 to the number of correct beliefs for Concept4
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Rule 12: If utterance4 is used and the sentence is defined as incorrect then

add the concept-score of that particular time to the total concept-score of
Concept4,

add 1 to the number of incorrect beliefs for Concept4

4.5.2.5 Updating six learning concepts from the correction of utterance5

Rule 13: If utterance5 is used and the number of question is 1 and the sentence is

defined as correct then

{ Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Concept number 1, 3, and 5
add 1 to the number of correct beliefs for Concept number 1, 3, and 5

h

Rule 14: If utterance5 is used and the number of question is 1 and the sentence is

defined as incorrect then

{

add 0 to the total concept-score of Concept number 1, 3, and 5

add 1 to the number of incorrect beliefs for Concept number 1, 3, and 5

}

Rule 15: If utterance5 is used and the number of question is 2 and the sentence is

defined as correct then

{

Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Concept number 1, 3, 4, and 5

add 1 to the number of correct beliefs for Concept number 1, 3, 4, and 5
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Rule 16: If utterance5 is used and the number of question is 2 and the sentence is

defined as incorrect then

{

add 0 to the total concept-score of Concept number 1, 3, 4, and 5

add 1 to the number of incorrect beliefs for Concept number 1, 3, 4, and 5

}

Rule 17: If utterance5 is used and the number of question is 3 and the sentence is

defined as correct then

: Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Concept number 2, 3, and 6
add 1 to the number of correct beliefs for Concept number 2, 3, and 6

H

Rule 18: If utterance5 is used and the number of question is 3 and the sentence is

defined as incorrect then

add 0 to the total concept-score of Concept number 2, 3, and 6

add 1 to the number of incorrect beliefs for Concept number 2, 3, and 6

}

Rule 19: If utterance5 is used and the number of question is 4 and the sentence is

defined as correct then

{ Check for the use of sentence number 5, 6, or 7 for the matter of confidence
add the concept-score of that particular time to the total concept-score of
Concept number 2, 3, 4, and 6
add 1 to the number of correct beliefs for Concept number 2, 3, 4, and 6

b

Rule 20: If utterance5 is used and the number of question is 4 and the sentence is

defined as incorrect then

{

add 0 to the total concept-score of Concept number 2, 3, 4, and 6

add 1 to the number of incorrect beliefs for Concept number 2, 3, 4, and 6
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Rule 21: If the sentence number is 1, 2, 3, or 4 then use the information of

concept-score and others from the previous sentence.

Rule 22: If the sentence is defined as 'Questioning' (sentence number 8-14) then no

concept-score is updated

4.5.2.6 Example of generating and updating the GLM

Referring to the conversation that the group made during the group-test as shown in 4.4.3.
The number of correct beliefs and incorrect beliefs is used as a role part for generating and
updating the GLM. This conversation is for the first question of the group-test so the value
of concept-score, number of correct beliefs and number of incorrect beliefs for 6 learning

concepts are begun with zero. The justification of each sentence is displayed in Table 4.9.

Table 4.9. The detail of applying and justifying sentence
which are contributed during the 1st question of the group-test.

Justification Rule(s) to
What each learner contribute for the applied
correctness with

Order of
sentences

(5) | believe that... (1) The number on the 2™ left of decimal )
1 . . incorrect Rule 1
point of base8 number is equal 22

2 (1) I agree with you. incorrect Rule 21

(5) | believe that ... (2) the value of number on each bit can be

3 calculated by multiplied that particular number to the value of correct Rule 5
that bit.

4 (1) I agree with you. correct Rule 21
(5) | believe that ... (3) for base8, the value of 8' is equal 8x1. correct Rule 7

(5) | believe that... (5)Choice C is the correct answer with
6 ) correct Rule 13
degree of confidence 4.

7 (1) I agree with you. correct Rule 21

There are 18 variables of GLM that might be changed according to the justification
of the correctness. The first six variables contain information about the number of correct
beliefs for each learning concept of Conceptl to Concept6. The second six variables contain
information about the number of incorrect beliefs for each learning concept of Conceptl to
Concept6. The last six variables contain information about Total concept-score' for each

learning concept of Concept 1 to Concept 6. For more understanding of how to update the
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18 variables of GLM, the information form the justification of the correctness of Table 4.9
is displayed step-by-step in Table 4.10. Because in this example, there is only the
information of Conceptl, Concept3, and Concept5 (displayed in the table as C1, C3 and
C5) which are changed during the test of Questionl. Therefore, information of Concept2,

Concept4, and Concept6 are not considered for this matter.

By the end of the conversation, the concept-score of Conceptl, Concept3, and
Concept5 are calculated. The concept-score of Conceptl is equal to 20 (calculated from
80/(2+2)), concept-score of Concept3 is equal to 70 (calculated from 280/(4+0)) and
concept-score of Concept5 is equal to 60 (calculated from 180/(3+0)). While the concept-
score of Concept2, Concept4, and Concept6 remain with the same values from the start,
which is zero. Next, the representing of IdealGLM and GLM is illustrated as bar-chart to

draw attention from learners and provide further explanation if required.

Table 4.10. The detail of applying and justifying sentence
which are contributed during the 1* question of the group-test.

Number of the Number of the Total concept-score
Order of correct beliefs incorrect beliefs for concept 1-6
sentences
C1 C3 C5 C1 C3 C5 C1 C3 C5
Before
the start 0 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 0 0
2 0 0 0 2 0 0 0 0 0
3 0 1 0 2 0 0 0 100 0
4 0 2 0 2 0 0 0 200 0
5 0 2 1 2 0 0 0 200 100
6 1 3 2 2 0 0 40 240 140
7 2 4 3 2 0 0 80 280 180

4.5.3 Summary for the use of Ideal GLM and GLM

Graphical representation will draw attention from learners at the very first time. However,
without the clarification of what has already been displayed, the usefulness of applying
such a graphical representation may not help effectively. Therefore the use of graphical and
textual explanation are applied here as the method of representation for the learning
performance — represented here as IdealGLM and GLM. The learning performance is

measured by the use of concept-score. For Ildeal GLM, each bar of the bar-chart represents



Chapter 4: The Domain of 'GOLeM'

the concept-score of each learning concept in respect to the aspect of average (See 4.5.1.2).

The way of representing IdealGLM and GLM are not different, therefore only the

Ideal GLM is illustrated here.

As seen in Figure 4.3, the graphical representation of IdealGLM is displayed as
bar-chart. Each bar of the bar-chart on the x-axis represents each of the six learning

concepts. The y-axis represents the range of concept-score, which ranges from 0 to 100.

concept-score

ldealGLM

100

an

a0

o
111}

1]

40 -

30 - -

20 -

10 4 ~( }— —
. Learning concepts

! ! ! ! ! !
c1 g2 .3 C4 ©F C§

Figure 4.3. The bar-chart representing
the concept-score of each learning concept as Ideal GLM

C2:

C5:

Cé:

C1:

C3:

C4:

Learners can use the value of each bit position on the left of the decimal point to calculate

for a specific number in the 'Fairly good' level. (The level of concept-score = 40)

Learners can use the value of each bit position on the right of the decimal point to
calculate for a specific number in the ‘Should be improved' level. (The level of concept-

score = 17.5).

Learners can use the arithmetic operator to calculate for the value within each specific

bit in the ‘Fairly good'level. (The level of concept-score = 28.75).

Learners can use the arithmetic operator to calculate for the value between each bit in

the ‘Good’ level. (The level of concept-score = 47.5).

Learners can transform the given number, which is on the left of the decimal point into

other forms in the ‘Good’ level. (The level of concept-score = 60).

Learners can transform the given number, which is on the right of the decimal point into

other forms in the 'Fairly good’ level. (The level of concept-score = 35).

Figure 4.4. The textual explanation of six learning concepts.
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Perceiving of only the bar-chart may not give sufficient detail of how well the
group might perform in the group-test. Therefore, the addition of textual explanation is
provided later for further detail of what each bar of the particular bar-chart represents can

be seen within Figure 4.4.

4.6 Summary

In this chapter, the domains of interest are focused on the computer-based collaborative
learning. In order to design for the system to suit the criteria of collaborative or group
learning, the number of participants in the group started from two. In this GOLeM, a group
of two participants, with respect to the prior knowledge, is applied. (See section 4.1 for
more detail). After having the solution for the number of participants, the scenario view of
GOLeM is introduced for more understanding of how it works (See section 4.2 for more

detail).

After the big picture of how GOLeM is defined, the next step is to work on detail of
domain knowledge, group learner model, and communicative interaction. These three
domains works are crucial parts for building GOLeM. The content of number-conversion is
defined as six learning concepts and applied in four types of questions. These questions and
learning concepts are used as domain knowledge. The reason for using number-conversion,
defining to six learning concepts, and further detail are explained in section 4.3 of the

chapter.

After knowing about domain knowledge, what is explained next is the domain of
communicative interaction. This domain focuses on the defining of what can be exchanged
and rules of exchanging using dialogue moves and sentence openers. The example of using
sentence openers either alone or with optional utferances is illustrated in section 4.4.3. This
chapter ends with the managing of the domain of group learner model, which includes
generating, updating, and representing the learning performance in terms of Idea/GLM and

GLM (See section 4.5 for more detail).
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The next chapter will explain the process of implementing software for GOLeM in
respective to the domains that have already been introduced in this chapter. The design and
implementation is first done as a paper-based design to test for the plausibility. Later the

design is implemented as software.
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Chapter 5

‘GOLeM’: Design and Implementation

In previous chapters, the aim, hypotheses, and approach to evaluation have been explained.
In this chapter, the design of 'GOLeM' is described and its implementation outlined. The
design of the software draws on concepts from three distinct domains: the representation of
domain knowledge, research on group learner models and communicative interaction. The
system has to be designed to firstly allow learners to do the pre-test, then work as a group
to take the group-test (which needs to include a chat-fool for communication), and end up
with the learners taking the post-test. During each test, each learner can access either the

Ideal GLM or the GLM —they are provided in the relevant experimental group.

This software is used as a tool to prove whether learning as a group of two in a
computer-based environment, learners can improve either concept-score or degree of
confidence by perceiving IdealGLM and GLM. In this chapter, we first describe the aspects
of the three domains — domain knowledge, group learner model, and communicative
interaction — that need to be taken into account for the design of GOLeM. As part of the
design process, a low-tech paper-based version was implemented and trialled to test for the
plausibility of the knowledge content and user interface. The paper-based version was
utilised with pairs of participants and the comments were used to finalise the design of

GOLeM.

The implementation of GOLeM is described firstly through the presentation of a
flowchart. This shows how the system is intended to work. Next, the database design is
sketched. Then, an explanation is given about the software that was used to build GOLeM.

In the end, Visual Basic 6.0 and Microsoft Access 2002 are chosen.

After GOLeM was implemented, it was used with participants as a learning

environment to compare their performance with two other two learning environments for
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assessing the benefits of students having access to their /dealGLM and GLM. The design of
the study and the results of the comparisons between these three learning environments are

explained in Chapter 6.

5.1 Summaries of the Domains

As explained in Chapter 4, three domains have to be taken into account for the design of
GOLeM. These domains are domain knowledge, group learner model, and communicative

interaction. The issues connected with each domain are explained below.

5.1.1 Domain knowledge

The number-conversion tasks were selected for the learners to work on. This content is a
basic and important concept in the Thai University/College computer science curriculum.
Based on my own experience as a lecturer, we have found that learners do not know how to
perform number-conversion. Even though the concept is not hard to learn. In order to keep
the design simple, the tasks given to the student involved the conversion of base-2, base-8

and base-16 into base-10.

After deciding on the content, we then designed a 30 item multiple-choice test that
was intended for use to assess the learner's skills at number-conversion. The test is firstly
approved by someone very experienced in such skills and then translated into the Thai
Language. For this process, two experts were chosen to assess the reliability of the content
after translating into the Thai Language: one is an expert in both the Thai and English
Languages, and the other one is the expert in these two languages and the content of

number-conversion.

The Thai version was revised based on the comments from both experts. Two
experts and non-experts in number-conversion then checked the revised version. The result
showed that none of them meets the ceiling of the score even though they already learned
this content. This test was revised based on the comments from the participants and then

applied to 122 Thai students in the Department of Computer Science and Technology,
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Kanchanaburi Rajabhat University, Thailand. The result shows that the validity of the test is
quite high for both difficulty level and item discrimination. The result of this test is

explained in Chapter6.

5.1.2 Group learner model

In GOLeM, the notion of group learner model is instantiated as both an Idea/GLM and a
GLM. These group learner models are used in different contexts: the Idea/GLM is usable
after the completion of each individual test, while the GLM is usable during and at the end
of the group test. The IdealGLM is used to represent the estimated potential group learning
performance. It combines the information of each individual's performance, which, in this
thesis, is represented in terms of the score associated with each of six key concepts, and is

shown to members of the group if requested.

The GLM is used to represent the group's learning performance which is generated
and updated from what group members do during the group-test. In the group-test, updates
to the GLM are based both on task performance and on communications between learners
using the provided chat-tool. The information exchanged using the chat-tool is used to
update the GLM (See more detail on section 5.2.3.2) (Note that the definition of
IdealGLM and GLM are given in Chapter 1)

Both the IdealGLM and the GLM represent the group learner model as bar-charts
as well as textual explanations. Each bar in the chart represents one of the concepts that
have to be learned. Note that, at the very beginning of system design, four learning
concepts had been selected to represent the necessary domain knowledge. Later, after the
paper-based design sessions, the number of learning concepts was changed to six concepts
but the same basic idea is retained. The detail of how the IdealGLM and GLM are

generated, updated, and represented was explained in Chapter 4.

5.1.3 Communicative interaction (Chat-tool)

The chat-tool provided here is used for learners to exchange information with their peers.

In order to allow the system to examine what information the group exchanged during the
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group-test in a simple manner without entering into the issue of free-text comprehension,
the concepts of sentence openers and dialogue game is adopted in GOLeM. A dialogue
game is used to control the moves within each conversation. There are two types of moves
for simplicity that are 'Questioning' and 'Informing' (Burton, 1998). The reason that we
choose only just these two types of moves is because we are concerned with what is inside

the move rather than grouping the use of moves for the diversity of answer (Soller, 1999).

To make the dialogue more flexible, sentence openers are used. During the early
stages of the design process, fifteen sentence openers were defined; later, after the paper-
based test, the number was reduced to fourteen that mainly contained the same concept as
the previous one. These fourteen sentence openers contain rules of move with regard to the
state of the dialogue game. The detail of how to communicate with peers using the

sentence openers was explained in more detail in Chapter 4.

Not only in regards to 'Questioning' and 'Informing' state of the game, the
requirement of utterances to complete the sentences are used to categorise these sentence
openers into two groups: complete sentence and incomplete sentence. The complete
sentence needs no further information but the particular sentence opener. While incomplete
sentence contains the symbol "..." that needs an utterance to complete the sentence. There are
five main options for utterances. Each utterance with specific details is explained later in

the chapter.

After providing a rough idea of what is contained within the three domains, domain
knowledge, group learner model, and communicative interaction that makes up GOLeM,
the next topic to be discussed is the implementation of the system that is introduced as the
paper-based design for simplicity. This design tests for the plausibility of the user interface,

number of questions, sentence openers, utterances and other related concepts.

5.2 The Paper-Based Design

In order to confirm the plausibility of the system for both the user interface and the
knowledge content, a paper-based version of the system is designed and utilised as a

prototype to avoid unnecessary implementation costs and to confirm feasibility of the
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approach. Even though this prototype is called 'simple', every major requirement of
GOLeM is included in the design. This prototype was tested with two participants for
comments on the user interface and other aspects of the learning content before using the
system in the main experiment with six pairs of participants from the Department of

Computer Science and Technology, Kanchanaburi Rajabhat University, Thailand.

The results of the paper-based test show the positive learning results and comments
from both user interface and knowledge content, which motivate us to take action on
implementing the system. The further detail of the paper-based test is explained in
Chapter6. In section 5.2, firstly, we give information of what we provide to learners in the

paper-based test and then we explain how these tools are used

5.2.1 The contents of the paper-based design

There are cards, charts, and sheets provided to learners as tools for the use of the paper-
based design. These tools are defined as alphabets A-I (See Figure 5.1) which rely on the
three domains. The tools in A and B are applied within the domain knowledge. The tools in
C, D, E, F, and G are used in the communicative interaction domain. The tools in H and 1
are used to represent group learner model. The result from applying each tool of A-I will be

used to generate, update, and display for the domain of GLM.

Figure 5.1. The paper-based prototype of GOLeM
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A: Question Cards: each card contains details of each question

B: The answer sheet: this form is used for pre-test, group-test, and post-test

C: Utterance Options: there are five options of utterances and further details

D: The chart of scratched papers contain 5 options of utterances

E: The chart of scratched papers contain options of sentences used by the
system

F: The chart of scratched papers contain options of 15 sentences openers

G: The cards that contain rules and details of 15 sentence openers

H: The sheet for giving the learning performance as Idea/GLM

I: The sheet for giving the learning performance as GLM

After knowing what tools are used in the paper-based design, the next step is an

explanation of how the provided tools are used.

5.2.2 The instructions of using the paper-based design

Firstly, the instructor who works as the system gives participants a set of paper-based tools
as in Figure 5.1. Then the instructor asks each participant to finish five question items
individually (see A). The answer to each question and degree of confidence will be stated in
the form B. After that, participants are asked whether they want to see the learning
performance as a group of two or not. If they request to see, the information of the group

that is calculated from the individual performance will be represented in form H.

For the group test, members of the group will help each other to come up with the
final group result. They are allowed to use the provided paper-based tools C, D, F, and G to
communicate within their pair. Firstly, the participant who has the turn to start the
conversation will begin the sentence with one of five sentences from D. Then complete the
sentence with the one of fifteen complements which some of them need information from C
to finish the sentence. After one completes and submits the sentence, the turn then changes
to the other member. The communication will be terminated if both members agree on the
final answers. However, if they keep talking but do not come up with the final agreement,
the instructor, who acts as a system, will intervene in the conversation by using a sentence

from E that relates to the particular conversation.
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After each question of the group test, participants will be asked whether they want
to see the group performance as a graph and explanation. If they request to see, the
information of the group will be represented in form I. After finishing five questions,
participants are then asked to do the test individually as a post-test. The answers and degree

of confidence will be filled in the form similar to form B

5.2.3 Example of using paper-based design.

In this section, we represent how to use the paper-based design into four steps with
examples for each step for more understanding. The first step is about providing the pre-test
for individual learners, scoring, and representing the /dealGLM to individual learners. The
second step is about providing the group-test, scoring, and representing the conversation
and GLM. The third step is about providing an option for learners to see the comparison
between IdealGLM and GLM or not. Then the final step is about providing the post-test for

individual learners.

5.2.3.1 Step 1: During the pre-test

In this step, firstly, the system provides both learners with an individual test (the scores are
kept secret in the system). After finishing the individual test, the system then scores the pre-

test for learning performance.

P_A’s pre-test score =5 and  summation of confidence = 31 (7+5+5+7+7)
P _B’s pre-test score =3 and  summation of confidence = 24 (0+9+8+7+0)

Later this performance is represented as a graph of IdealGLM, which the system
provides as an estimate of what these particular pairs could have achieved when learning

together (See Figure 5.2). The textual explanation of the graph is displayed in Figure 5.3.
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Knowledge level

A Ideal group model

Knowledge
C1 Cc2 C3 C4

Figure 5.2. The IdealGLM that the system provides to group members

Concept 1 (C1): Ability of knowing the value in the specific position of base-8 number is
in level 7 apart from 10.

Concept 2 (C2): Ability of transforming the number in the specific position of base-8
number into various forms is in level 9 apart from 10.

Concept 3 (C3): Ability of using suitable equation to convert base-8 number into base-
10 is in level 7 apart from 10.

Concept 4 (C4): Ability of converting the number of base-8 number into base-10 is in
level 7 apart from 10.

Figure 5.3. The explanation of /dealGLM for pre-test

5.2.3.2 Step 2: During the group-test

In this step, the system asks learners to complete the task in pairs using the individual result
to start the conversation and provide the group performance as GLM. To do this, firstly, the
system provides both learners to do the group-test. During the test through each
conversation they make, the performance is scored and then represented if required as
GLM. These processes are repeated until five questions are finished. Each example of this
step contains question detail, conversations performed during the question, the

representation of the GLM and, the explanation of each GLM.
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5.2.3.2.(a) Questionl

What is value of the underlined position of 1115 after being converted to base10?

B

32
64
100
512

System:

P A:

P B:
P_A:

System:

P B:

P A:

System:

P B:

P_A:

System:

P B:
P_A:
System:
P B:
P_A:

System:

You both choose the different answer which is A and B with the same
degree of confidence. I would you like to give some explanation for this
answer so lets start with you, P_A.

I believe that ... The value of number in the 3" position from the left side
of the base8 decimal point is equal 82.

I don’t agree with you.
Shall we change the topic?

After listening to you for a while, can you both come up with a final
solution for this question? Let’s start from you, P_B.

I believe that...The answer D is correct with degree of confidence 9 from
10.

I believe that...The answer B is correct with degree of confidence 6 from
10.

After listening to you for a while, can you both come up with a final
solution for this question? Let’s start from you, P_B.

I am not sure but I think... (5) The answer D is correct with degree of
confidence 9 from 10.

I agree with you.

Do you mean that you both agree to choose the answer D with the degree
of confidence equal 9?

Yes
Yes
If there is no question about this item shall we move to the next one?
Yes
Yes

Before continuing to the next question if you would like to see the
performance of the group, please select the provided ‘student model’.
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Both P_B and P_A choose to see the GLM, so the system gives them information of
how well the group performs as a bar-chart (See Figure 5.4) and further detail as a textual

explanation (See Figure 5.5)

Knowledge level

A

Real group model

> Knowledge
Cl1 C2 C3 C4

Figure 5.4. The GLM of Questionl

Concept 1 (C1): Ability of knowing the value in the specific position of base-8 number
is in level 1 apart from 10.

Concept 2 (C2): Ability of transforming the number in the specific position of base-8
number into various forms is in level 0 apart from 10.

Concept 3 (C3): Ability of using suitable equation to convert base-8 number into
base-10 is in level 0 apart from 10.

Concept 4 (C4): Ability of converting the number of base-8 number into base-10 is in
level 0 apart from 10.

Figure 5.5. The explanation of GLM for Questionl

From the conversation you made for this item, the system believes that the group

has a misconception about knowing the value in the specific position of base-8 number.

5.2.3.2(b) Question?2

What is the other form of the underlined position of 1115 after being converted to base10?

A. 1x10°
B. 1x8
C. 1x10°
D. 1x10°
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System:

P B:

P A:

System:

P A:

P B:

System:

P _B:

P A:

System:

P A:

P B:

System:

You both choose the same answer that is B with the different degree of
confidence. I would you like to explain this answer so let us start with you,
P_B.

I believe that ... The value of number in the 3" position from the left side
of the base8 decimal point is equal 8>?

I agree with you.

After listening to you for a while, can you both come up with a final
solution for this question? Let’s start from you, P_A.

I believe that. The answer B is correct with degree of confidence 9 from 10.
I agree with you.

Do you mean that you both agree to choose the answer B with the degree of
confidence equal 9?

Yes
Yes
If there is no question about this item shall we move to the next one?
Yes
Yes

Before continuing to the next question if you would like to see the
performance of the group, please select the provided ‘student model’.

Both P_B and P_A choose to see the GLM so the system gives them information of

how well the group performs as a bar-chart (See Figure 5.6) and further detail as a textual

explanation (See Figure 5.7)

Knowledge level

A

Real group model

> Knowledge

Cl Cc2 C3 C4

Figure 5.6. The GLM of Question2
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Concept 1 (C1): Ability of knowing the value in the specific position of base-8 number is

Concept 2 (C2): Ability of transforming the number in the specific position of base-8

Concept 3 (C3): Ability of using suitable equation to convert base-8 number into base-10

Concept 4 (C4): Ability of converting the number of base-8 number into base-10 is in

in level 7 apart from 10.

number into various forms is in level 9 apart from 10.

is in level 0 apart from 10.

level 0 apart from 10.

Figure 5.7. The explanation of GLM for Question2

5.2.3.2(c) Question3

What is the value of the underlined position of 7025 after being converted to base10?

A. 7x10x 10
B. 7+(8x38)
C. 7x(8x8)
D. 7x8

System:

P_A:

P B:
P _A:
P _B:

System:

P_A:
P B:
System:
P A:

P B:

You both choose the same answer that is C with the different degree of
confidence. I would you like to give some explanation for this answer so
lets start with you, P_A.

I think that because ...The number at the underlined position is in the 3"*
position from the left side of the base8 decimal point.

I would like to know more, could you please tell me about this?
Shall we change the topic?
Yes.

After listening to you for a while, can you both come up with a final
solution for this question? Let’s start from you, P_A.

I belief that...The answer C is correct with degree of confidence 9 from 10.
I agree with you.

If there is no question about this item shall we move to the next one?

Yes

Yes
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System: Before continuing to the next question if you would like to see the
performance of the group, please select on the provided ‘student model’.

Both P_B and P_A choose to see the GLM so the system gives them information of
how well the group performs as a bar-chart (See Figure 5.8) and further detail as a textual

explanation (See Figure 5.9)

Knowledge level

A Real group model

10

> Knowledge
Cl C2 C3 C4

Figure 5.8. The GLM of Question3

Concept 1 (C1): Ability of knowing the value in the specific position of base-8 number is
in level 1 apart from 10.

Concept 2 (C2): Ability of transforming the number in the specific position of base-8
number into various forms is in level 10 apart from 10.

Concept 3 (C3): Ability of using suitable equation to convert base-8 number into base-10
is in level 0 apart from 10.

Concept 4 (C4): Ability of converting the number of base-8 number into base-10 is in
level 0 apart from 10.

Figure 5.9. The explanation of GLM for Question3

5.2.3.2(d) Question4

What is the value of the underlined positions of 156 in terms of equation after being

converted to basel10?

A. 1x8)+(5x8)+(6x0)
B. 1x8)+(5x8)+(6x1)
C. 1x8)+(B5x8)+(6x38)
D. (1+8)x(5+8)x(6+1)
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System:

P B:
P A:

P B:

P A:

System:

P B:

P A:

System:

P A:

P B:

System:

You both choose the same answer that is B with the same degree of
confidence. I would like you to give some explanation for this answer so
lets start with you, P_B.

I believe that ...For base8 number, the value of 8° is equal 1.

I agree with you.

I believe that...The answer B is correct with degree of confidence 10 from
10.

I agree with you.

Do you mean that you both agree to choose the answer B with the degree of
confidence equal 10?

Yes
Yes
If there is no question about this item shall we move to the next one?
Yes
Yes

Before continuing to the next question if you would like to see the
performance of the group, please select the provided ‘student model’.

Both P_B and P_A choose to see the GLM so the system gives them information of

how well the group performs as a bar-chart (See Figure 5.10) and further detail as a textual

explanation (See Figure 5.11)

Knowledge level

Real group model
10 10
T
> Knowledge
c1 C2 c3 C4

Figure 5.10. The GLM of Question4
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Concept 1 (C1): Ability of knowing the value in the specific position of base-8 number is

Concept 2 (C2): Ability of transforming the number in the specific position of base-8

Concept 3 (C3): Ability of using suitable equation to convert base-8 number into base-10

Concept 4 (C4): Ability of converting the number of base-8 number into base-10 is in

in level 1 apart from 10.

number into various forms is in level 10 apart from 10.

is in level 10 apart from 10.

level 0 apart from 10.

Figure 5.11. The explanation of GLM for Question4

5.2.3.2(e) Question5

What is the value of 755 after being converted to base10?

A. 56
B. 61
C. 75
D. 96

System:

P B:

P A:
P B:

P A:

System:

P B:

System:

P A:

System:

P A:

You both choose the different answer that is B and D with the different
degree of confidence. I would you like to give some explanation for this
answer so lets start with you P_B.

I don’t know about this but I guess ... (5) The answer D is correct with
degree of confidence 2 from 10.

I don’t agree with you.
I would like to know more, could you please tell me about this?

I am not sure but I think .. The answer B is correct with degree of
confidence 5 from 10.

P_B, Do you want to say anything else?
No.
P_A, Do you want to say anything else?
No.

After listening to you for a while, can you both come up with a final
solution for this question? Let’s start from you, P_A.

I belief that the answer B is correct with a degree of confidence 10 from 10.
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P B: I agree with you.

System: Do you mean that you both agree to choose the answer B with the degree of
confidence equal 10?

P B: Yes.
P A: Yes.
System: If there is no question about this item shall we move to the next one?
P A: Yes.
P B: Yes.

System: Before continuing to the next question if you would like to see the
performance of the group, please select the provided ‘student model’.

Both P_B and P_A choose to see the GLM so the system gives them information of
how well the group performs as a bar-chart (See Figure 5.12) and further detail as a textual

explanation (See Figure 5.13)

Knowledge level

Real group model
10 10 10
1
> Knowledge
Cl C2 C3 C4

Figure 5.12. The GLM of Question5

Concept 1 (C1): Ability of knowing the value in the specific position of base-8 number is
in level 1 apart from 10.

Concept 2 (C2): Ability of transforming the number in the specific position of base-8
number into various forms is in level 10 apart from 10.

Concept 3 (C3): Ability of using suitable equation to convert base-8 number into base-10
is in level 10 apart from 10.

Concept 4 (C4): Ability of converting the number of base-8 number into base-10 is in
level 10 apart from 10.

Figure 5.13. The explanation of GLM for Question5
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5.2.3.3 Step3: Compare IdealGLM to GLM

At this step, the system provides the option for learners to see the comparison between
GLM (See Figure 5.15)and Ideal GLM or not. The performance that the system represents to
the group as IdealGLM is considered into two respects — the union (See Figure 5.14) and

the intersection (See Figure 5.16) of individual performance.

Knowledge level

A Union Set Model
9
7 7 7
> Knowledge
Cl 2 C3 c4

Figure 5.14. The union set of individual performance

Knowledge level

4 Real group model

10 10 10

> Knowledge

Cl C2 C3 C4

Figure 5.15. The GLM after performing five questions

Knowledge level

A Intersection Set
S 7
> Knowledge
Cl 2 C3 C4

Figure 5.16. The intersect set of individual performance
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5.2.3.4 Step 4: During the post-test

This step is similar to step 1 but only runs after the group-test as a post-test. Firstly, the
system provides both learners with a post-test and an individual test (the scores are kept
secret in the system). After finishing the individual test, the system then scores the post-test
for a learning performance. After running from stepl through step 4, the summary of the

results are displayed in Table 5.4.

P_A’s post-test score = 5 and summation of confidence = 45 (9+9+9+9+9)

P_B’s post-test score = 5 and summation of confidence = 50 (10+10+10+10+10)

Table 5.1. This is the summary result after running step1-4

pre-test score group-test Score post-test score
Participants | Group* Correct Overall Correct Overall . Overall
- h . . Correct item .
item confidence item confidence confidence
P_A High 5 31 5 45
4 37 (9+9+10+9)
P_B High 3 24 5 50

* A group of participants are categorised as high-score group and low-score group
from the score that they have from doing the test (30 multiple choices items) before doing
this group test. The subjects in the high-score group have scores from 13 to 30 and subjects

in the low-score group have scores from 0 to 12.

5.2.3.5 Summary and comments

This is the result of the group that has scores in the high group after doing the multiple-
choice test for 30 items. The result from the model shows that for Conceptl (Questionl),
P_A contributed her belief that is correct, but her friend did not agree with her. However,
she did not want to talk about his any more and tried to change the topic to continue the
next test but the system did not allow them to do so until both of them gave the final
solution. Finally, P_A decided to agree to the answer that P_B provided, which is incorrect,
so at this time the knowledge level of this group is between 0 and 1 because one of them

expressed the correct concept that was relevant to this topic.
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For concept 2 (Question 2 and 3), P B and P_A agreed to what each other
contributed and answered both questions correctly. In this case, the system has some

evidence to believe that both learners know about this topic at the level 10.

For concept 3 (Question 4), both learners chose the same answer and degree of
confidence so they did not contribute any knowledge, but confirmed that their own answer
,which is correct, so the level of knowledge for this group stays at the same level that it

should be which is level 10.

For concept 4 (Question 5), both of them chose a different answer and degree of
confidence. They confirm only just their belief in the answer, but do not contribute any
knowledge therefore; the system cannot update any score until they give a final solution
with the highest degree of confidence that is correct. This time the level of knowledge is
updated in level 10.

In order to see the benefit of learning as a group, the results from the union set and
intersection set of individual learner model should be considered. The result from the union
set is used to present to the group as an ‘ideal group learener model’ in order to encourage
learners to see the range of the potential knowledge that the system expects learners to
achieve when learning together. While the result from the intersection set is being used to

see the actual knowledge that at least both of them can achieve together as a group.

After learning together as a group, the 'ideal group learner model' from the
intersection set (See Figure 5.16) is being compared high-score to the real group learner
model’ (See Figure 5.15) to see the improvement of the group. For this pair, knowledge
level of C1 is increased from 0 to 1, C2 increased from 5 to 10, C3 increased from 7 to 10

and C4 increased from 0 to 10.

To confirm that collaborative learning in the computer-based learning environment
helped them to improve either their knowledge or degree of confidence in that particular
topic, the result of an individual learner before and after learning as a group is being
compared. From the information in Table 5.1, even though the number of correct items of
P_A’s pre-test and post-test is still the same but the degree of confidence is increased from
31 to 45 and for P_B, both correct items and overall degree of confidence is increased from

3 to 5 items and 24 to 50.
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In this case, learners from the high-score group are paired together so they can
achieve more than the potential level that the system expects and after learning individually
by themselves again, both of them can achieve more than the pre-test result for either
number of the correct item or the overall confidence. Comments from P B and P_A about

this design are explained below.

1. The system should provide an example of number based conversion of each
concept to help learners to express their belief easily and sensibly.

2. The user manual should be contributed to learners before doing this test to make
sure that they are familiar with the system. (A different version of question is
applied for this matter)

3. System is well designed but too much information has to be learned before doing
this test may delay finishing time and obstruct their interest of learning so user
manual is one of their suggestions.

4. The system should provide explanation in either description or example for some
vocabulary such as left bit of the decimal point (give learners the picture of what is
the left and what is the right)

5. Learners agree that student model provided as a bar chart with the explanation
below the bar-chart for each concept quite useful for doing this test as a group of

two.

Combining both comments from six groups of participants together with the results
of the paper-based design, we then come up with the revised version of the system that will

be used as the computer-based learning environment called GOLeM.

5.2.4 The results of testing the paper-based design

The paper-based design version of GOLeM is applied to 12 participants that are paired into
six groups. Before having these 12 participants, we applied the 30-item multiple choice test
for prior knowledge to 122 participants. The score from this test was used to classify
participants into a high-score group and a low-score group. The participants who have the
higher testing score than at the percentile 50 are in the high-score group. While participants

who have the testing score lower than at the percentile, 50 are in the low-score group.
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After classifying participants into a high-score group and a low-score group, twelve
participants are randomly selected. The first six participants are from the high-score group
and the other six are from the low-score group. These participants are then paired into
three-group types that are high-high, high-low, and low-low. The high-high group type is the
group that both participants are from the high-score group. The high-low group type is the
group that one participant is from the Aigh-score group and the other one is from the low-
score group. The low-low group type is the group that both participants are from the low-

score group. There are two groups of participants for each group type.

After applying these twelve participants to the paper-based design, the result shows
that participants can improve their potential performance when they learn with each other
and maintain that level of performance when they do it alone by themselves. Moreover, the
opinion of participants as a group confirms that what we have done is sensible and worth
doing to help participants to improve their learning in the computer-based collaborative

learning environment.

The information after testing the paper-based design is taken into account for the
revision of GOLeM. The number of questions that are applied in the system is reduced
from five to four to avoid boredom. The learning concepts are increased from four to six
concepts for more clarification of the relationship between each question and the learning
concepts. The number of sentence openers is reduced from fifteen to fourteen. The user
manual will be prepared and provided before and during use of the system. This revised
version of GOLeM is applied within a computer-based learning that is explained in the next
topic. Hopefully, the result of the computer-based learning will be the same or better than

the paper-based even though no one can guarantee the similarity of the result.

5.3 Software Implementation

After we are satisfied with the paper-based testing result, we continue to work on the
software implementation. The comments on the previous testing are considered in order to
build the system that works as close as possible to both requirements of GOLeM and users.

For this step, the flowchart is used to simplify and illustrate how GOLeM works.
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Now that we have the blue print of what to build and how to build, it is time to
decide which software tools to use to build this GOLeM. At first, we have many
combinations of software that worked as web-based and non web-based. In the end, with
the constraint of time, knowledge, and other factors, we come up with the solution of using

Visual Basic 6.0 and Microsoft Access 2002 as the software to implement GOLEM.

5.3.1 Software: Visual Basic 6.0, Microsoft Access

The minimum requirement for GOLeM is that there are two computer machines connected
together. The system should have a login process to check the permissions for each user.
These machines exchange information via the chat-tool synchronously; the system can
investigate and use the communication dialogues to update the group learner model. The
information that is kept in the GLM is updated in real-time in respect to the rules of
updating that are stated in more detail in Chapter 4. The system should keep and retrieve
information of learning performance for both individual and group learning. To represent
the information of the group learner model in terms of IdealGLM and GLM, the bar chart

and textual information are displayed.

For the requirement above, MS Access 2002 is used as the database to keep
information of learning performance for each learner as both individual and group. Visual
Basic 6.0 is used as a user interface to represent the look of the system design and represent
the bar chart and textual explanation for the Idea/GLM and GLM. Moreover, Visual Basic is
used as an interface to retrieve and update data in the database. The chat-tool utilises the
'Winsocks' component of Visual Basic to communicate between two machines. The

flowchart that gives an idea of what will happen in the system is introduced in the next step.

If the results of this system go well, the future work is to expand this concept to
long distance learning using web-based and other software programming technologies such
as Java to implement a more complex design. Moreover, the system should allow learners

to choose their own pair and provide the test based on group performance.
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5.3.2 The flowchart for further detail of how GOLeM works.

The design of GOLeM aimed at helping learners to improve either learning score or degree
of confidence when learning as a group of two in a computer-based learning environment
that allowed them to communicate and perceive the information of the learning
performance as IdealGLM and GLM. What should be considered in this system is, firstly,
each learner logs into the system for permission to use this system. In this process, the
system will check and decide whether to allow or not allow a particular learner to access

the system.

If login is successful, the system provides four multiple-choice questions, one at a
time. After that, learners have a chance to require seeing the IdealGLM. If learners ask to
see the IdealGLM, they should fill in the questionnaire before perceiving. However, if
learners do not want to see the /dea/GLM, they can continue further to doing the group-test.
During the group-test, learners can exchange information with their peers using the
provided chat-tool. At the same time, the system investigates and checks each conversation
with the updating rules and then transforms the results into a concept-score to update the
GLM. After finishing each question in the group-test, learners can request information
regarding the GLM. Later, after the learner has finished all four questions as a group, the
system then provides the post-test. The process of doing the post-test is similar to pre-test.

The flowchart of how this system work is displayed in Figure C.1 — C.5 of Appendix C.

5.3.3 The user interface of GOLeM

The user interface display is made up of four zone areas that rely on the steps that are
explained later in the chapter. All zone areas are displayed in Figure5.9. The first zone is
Login Area that is used to check for the permission before using the system. The second
zone is Question Area that is used to perform the individual tests for both pre-test and post-
test. The third zone is the Display Group Learner Model Area that is used to represent the
ldealGLM and GLM as a bar-chart and textual explanation. The last zone is the Chat Area.
This area is used only in the group-test. Learners connect two machines, exchange

information, and come up with the group result within this area.
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The four steps are used to explain the process within the four zone areas of Login
Area, Question Area, Display Group Learner Model Area and Chat Area. Stepl explains
the process of Login Area. Step2 explains the process of Question Area. Step3 explains the
process of Display Group Learner Model Area and Step4 explains the process of Chat
Area. After running the program, TutorPeerGLM will be displayed as in Figure 5.17.

= | et's Enjoy doing Number-Based Converstion with you friend.

e e lgaliswnsu Stepl wiRIHAn 1 AFINI Saiiumyungy (GLM waz IdealGLM)
SEEUAIMABIED [ATUUH) Step3
HadSaw amvin 100
s — gifamsldlasunsu 90 WARARENTSL B2 § b
s Vs | a0 ndwsdizs (ldealGLM)
Fil)
tafiaa &0 i Hayardisfis v ia
50 afuranstl [dealGLM

40
a0

Poingmsea
20

Stepz - WAULAFH

0 Aol sEAAnSE S N
dal  $a2 Ha3  Had  FHaD  Hab

Fhmaunaanaia - Y
Fadialy
= S o
VianumuiadeE sdiumrmiinla
4 3 EEGERGEEET]
Hubaghds Hubagags

Figure 5.17. The display of the program as it is first called

5.3.3.1 Step1: Login to the system

In the Login Area as seen in Figure 5.18, learners can login to the system by typing in their
user name and password that are assigned by the instructor. Later press the button _vhsa |

to login to the system or press button M to clear all typed in data. In this area, a

learner can request to see the user manual by pressing the button 'gifens 19 Tu/sunsw’.

v s wa lFanTy sunsy

Hag Fau gnLin
oy —
sEAH viisFd |

gamsiildsunss

Figure 5.18. The Login Area
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5.3.3.2 Step2: Doing an individual pre-test

After learners login to the system, the set of questions will be sent to that particular learner
and their peers according to the group's previous knowledge. A set of questions consists of
four question types that relate to the six learning concepts that have already explained in the
previous chapter. The questions will be provided automatically after learners have logged in

as seen in 'The Question Area' (See Figure 5.19).

fef1a1u

1. dnanl ud s idadul fnas 1372 dlandaaiu
angiuiunds dfuadudiale

3 w102
Jx 18
3« B4
Ix8

42>

I aUT aaF mA e i g
Haeha bl

= - E -
PRawh ULl '$=EI?LI'FI‘TINH‘°I-+1'3I

:f‘ J 1;[ BENAASEL
Hu Lagiiem Hu Lagads

Figure 5.19. The Question Area

In order to answer these four questions, firstly, learners state the answer in the

Amaudasr e -

combo box and later scale on the confidence scale

Vrunauiadsisziunsadivla
4 2
lies #ls - for how confident they are in each particular question (the

degree of confidence ranges from level 1(most left) to level 10 (most right)).
After giving the answer and degree of confidence for each question, learners then

Fadialy
press the button for the next question. At the end of question four, the

system will check the ready status of peers before giving an opportunity to see an

Ideal GLM.
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5.3.3.3 Step3: Display the group performance

As seen in Figure 5.20, there are three buttons. The first two buttons from the top are the

button to show IdealGLM as a 'Bar-chart’ and 'Display in textual explanation'. The lowest

button is the button for continuing to the group-test.

wARAHan1 AFguEauivwwvaan (GLM uas IdealGLM)

SEEIURIIHATHIST [Azw ]

100

a0
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Agsrdiaw [[dealGLmM)

70

B0

wAnaf ayaLfnLEy LW a

a0

afuransiw |dealGLM

40

30
20
1o
0

- —
LidnseSaul
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I -
pelsrdaninnst T aug

If th

Figure 5.20. Display Group Performance Area
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Figure 5.21. The display of /dealGLM as Bar charts

wAmanansLiauiuuy
tngueafiaw (dealGLM);

e button

is pressed, the system will provide information

regarding IdealGLM that is defined as an expectation of the group performance from
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individual performances. As seen in Figure 5.21, information of the IdealGLM will be
displayed as bar chart. Each bar stands for performance of each learning concept. The x-
axis stands for the six learning concepts and the y-axis stands for the learning concept-

score.

Moreover, if learners would like to have more explanation, they can press button “
naasteyariiadi riteesuiensl Ideal GLM”. The explanation of each bar chart will be displayed

as seen in Figure 5.22. The scroll bar is used to see more detail.

After learners press the button for doing the group-test, the questionnaire window
(See Figure 5.22) is displayed. This questionnaire asks for the option of 'Seeing the
IdealGLM'.

1. amldnagiayanasnaswuy |dealGlM vFala? o1 ol
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[s=éiu 1 Fa efvga waz 10 Fagada] e
fvneavvaagaulutia 1 Aa "I’ nganmaunuu@auniuia 4-6

1 2 = 4 L

4 aasléFuliayazas ldealGLM sidsudsalina

1058 LHWAAIHAIHITS T LW AT S LS Eu S aadiak ag Ll £ £ £ L
5 miskéinBadiayadas |dealGLM fidsudaalEnm - ~ - ~
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1
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Figure 5.22. The display for /deal GLM questionnaire

After the learner has finished filling this questionnaire, they press the submit button
to close this window and continue to the group-test. The window of the group-test that
contains the chat program (See Figure 5.23) is displayed. At the same time, the relevant

question will be provided in the Question Area (See Figure 5.19).
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Figure 5.23. The display of the provided chat program with sentence openers
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Figure 5.24. The display of learning with peer for group-test
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5.3.3.4 Step4: A group-test and chat with friends

In Step4, only Chat Area will be enabled for learners to interact. The system will start the
conversation from what each member answers through the individual task of the pre-test.
The system then assigns the turn to one of the group members to start the conversation.
During each turn, only one group member can compose a sentence to communicate with
the other member. To start using the Chat Area, firstly, learners make the connection for

two specific computers by managing IP address with the buttons displayed in Figure5.25.

Connect | Cloze |

Figure 5.25. Chat Connection Buttons

After the connection is established, anyone whose 'turn' is assigned as enabled
selects the sentence from the provided 14 sentence openers (See the bottom right area of
the Figure 5.24) to communicate with peers. Learners select the sentence opener in the
Vaan

combo box and press the button to continue.

viandanamsinuaandia siadsay sshand s Sudunun | ﬂ vEan

Figure 5.26. The 14 Sentence Openers

As explained in the previous chapter, some of sentence openers need the utterance

3

to complete the sentence. Therefore, in cases that sentence openers contain °...°, learners

are asked to complete these sentences with five options of utterances (See Figure 5.26).

After completing each sentence, press M to continue. Then the sentence is sent to the

compose text area (see the bottom left area of Figure 5.24). To send the message, press the

button éamaﬂ?m|

Fudanaim

The dialogue will be terminated for each question only when group members agree

or to delete the message and compose the new press the button

with the answer and degree of confidence that the other one has proposed. In other words,

when one member has proposed a sentence that contains option5 and another one chooses



Chapter 5: 'GOLeM": Design and Implementation 102

to agree on that sentence then the system will provide the GLM and prepare to provide a
next question. At The end of each question, learners can see the GLM if required. Before
continuing to the next question, the system provides the questionnaire asking for the option
of perceiving GLM (See Figure 5.27). After finishing the group-test, the post-test is

provided for the measurement of learning improvement then the system is terminated.

1. aaulivagdayazasnguuuy GLM w3alsl? A C R i ) ¢

2 Haymnasngsuay GLM didausaalunisiaw Snuungusialal? ogng O ez
u M e R X i | e

3. faFmauda 2 dasn e ol Tusefvssssiumausaasiaf GLM “ =

sieanmlunSail (sediy 188 eham was 10 fagaas)

Figure 5.27. The questionnaire for asking to perceive GLM

5.3.4 The results of testing the computer-based design

After finishing the software implementation of the computer-based design, we brought this
software to test with a couple of pairs who had expertise in user interface design. This
design was revised and tested several times before it was used by the 36 participants from
the Departments of Computer Science and Technology, Kanchanaburi Rajabhat University,

Thailand.

During the first use of the system, participants complained about the large amount
of information that they had to learn to use the system. Later, after doing one question and
learning how to deal with this system, they felt more relaxed about using the system. The
majority of the participants required seeing the information of the group learner model as
Ildeal GLM and GLM. They agreed that seeing IdealGLM and GLM helped them to improve

their learning performance for both learning concept-score and degree of confidence.
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However, in the Chat Area, learners had to type in the appropriate IP addresses in
order to connect specific computers together. They sometimes forgot to type in crucial
information that caused connection errors at startup time (this did not affect data
collection). Therefore, what we decided to do to reduce this kind of problem was to ask
them to stop and let me check before making a connection. However, in future work, the
task of making connections between computers will be improved making the overall

system more flexible and reliable.

5.4 Summary

Three domains will be considered for the design of GOLeM. These domains are domain
knowledge, group learner model, and communicative interaction. These domains have been
introduced and applied as the paper-based design. The content of number-conversion that
has already been validated is selected to apply in the paper-based design for five questions.
The result after applying this design to six pairs of participants shows that participants can
improve their potential performance when they learn with each other and maintain that

level of performance when they do it alone by themselves.

The suggestions from the test are used to improve the computer-based design. The
software that is used to design the system is Visual Basic 6.0 and MS Access 2002 that
meet minimum requirements of the system. The detail of flowchart for how the GOLeM
works can be seen further in Appendix C. Then the system is implemented and then
illustrated concerning use. The system is tested with a couple of pairs for a couple of times

before testing with 36 participants.

In Chapter 6, the computer-based design is applied as one of the three learning
environments which are used to compare the aspect of seeing and not seeing the Ideal GLM
and GLM. The other aspect is to see whether there is any difference between the Individual
learning and the group learning, especially in computer-based group learning in the context

of number-conversion.
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Chapter 6

Testing Results and Analysis of Data

The aim of this research is to show the results of learning with others in a group of two in a
computer-based learning environment. Allowing participants to see learning performance as
a group communicates via the provided chat-tool, may help them to improve their learning
performance (concept-score, self-assessment) compared to other learning environments.
The explanation below will give ideas of what we will do within this thesis. The testing

stages are separated into 3 phases.

Phasel: Validate questionnaire items, which includes composing questionnaire
items, translating into Thai language, testing with a small group of participants both experts
and non-experts for the specific content, revising the questionnaire and using with the 122

participants.

Phase2: Test for the plausibility of the system design, which includes selecting 5
items from the questionnaire in Phasel, applying this test to the paper-based design, and
applying this design to the 6 pairs of participants who are selected from 122 participants in
Phasel. The first six participants are randomly selected from high-score group and the
other six are selected from low-score group. These 12 participants are paired as high-high,
high-low and low-low. High-high is the pair that both participants are in the high-score
group. High-low is the pair that one participant is in the high-score group and another one

is in the low-score group. Low-low is the pair that both participants are in the low-score

group.

Phase3: Use the design system to answer the question of the thesis. In this
phase, there are three learning environments applied for the test, which are Envil, Envi2
and Envi3. Envil is the learning environment that allows participants to learn in pair so they
can communicate via the provided chat-tool and request to see the learning performance

which will be represented as a group model. Envi2 is similar to Envil but does not allow
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participants to see information of learning performance. Envi3 allows participants to do the
test individually, and during the pre-test and post-test they are provided with a 10 pages

handout .

What will be done in this phase is firstly apply the 30 items questionnaire to 120
participants and split into high-score group and low-score group, according to their test
score. Secondly, separate these participants into three groups which will be assigned in
Envil, Envi2 and Envi3 ensuring that participants in each learning environment are
representative of the group as a whole. Thirdly, compare the pre-test and post-test result to
see whether there is any significant difference between these three learning environment.
Referred to Dillenbourg and Baker (1996), and Soller and others (1999) who suggested that
participants perform better in a group than as individuals, this step is to confirm that

collaborative learning is more effective in this computer-based learning environment.

Whatever the results, our focus will remain on the computer-based collaborative
learning environments which are introduced here as Envil and Envi2. At this stage, we are
interested in seeing if there is any significant difference between seeing and not seeing the
information of learning performance when both group participants are allowed to
communicate via the provided chat-tool. The information that will be used to compare the
difference between Envil and Envi2 are Test Score, self-assessment, peer-assessment,
Information during the communication, and Opinion after applied particular learning

systems.

6.1 Validate Questionnaire Items

Ensuring that the learning content is suitable to the participants, the 30 item multiple choice
test is completed by 122 participants who all have a major of study in computer science at
Kanchanaburi Rajabhat University, Thailand. Table 6.1 shows the average time required for
the test is 32.12 minutes with S.D. 19.138, and the average score is 14.18 with S.D. 7.25.
Furthermore, as seen in Figure 6.1, the minimum score, maximum score and the frequency
of the test results show that there are a variety of group scores that participants made which

implies that these 30 questions are not too easy or too difficult for this group of participants.
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Table 6.1. The general information of 'Test Score'
and 'Time to finish the test' for five group of participants

Figure 6.1. Mean and S.D of 122 participants in the 30 itemtest

6.1.1 Difficulty level (Dy)

Test Score Time to finish the test (mins)
Year of Study
Mean N S.D Mean N S.D
1% Year 20.06 32 6.16 60.00 32 0.00
2" Year 8.60 30 5.01 25.00 30 12.44
3" Year 17.76 17 8.11 31.82 17 10.87
4" Year room1 12.90 21 5.45 17.71 21 4.08
4" Year room2 11.68 22 4.24 15.27 22 5.37
Total 14.18 122 7.25 32.12 122 19.14
SCORE
30
20 4
104
3
S Std. Dev = 7.25
> Mean = 14.2
E 0 N=122.00
2.5 75 125 175 225 275
5.0 10.0 15.0 200 250 300
SCORE
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After seeing that this questionnaire is neither too easy or too difficult for this group

participants, the next step is to find out the difficulty level of the test and item

discrimination for the validity of the test. Difficulty level (Dy) can be calculated by using a

number of subjects that answer each item correctly and then divide this number by the

number of all subjects (122 participants in this case). Difficulty level (Dy), as seen in Table

6.2, is classified here in five ranges and given definitions of each range as 'Very Difficult’,

'Quite Difficult', 'Moderate', 'Quite Easy', and 'Very Easy'.
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Table 6.2. Theranges and definitions of difficulty level

Range definition Range of D¢
Very Difficult 0< Df <0.14
Quite Difficult 0.14 < Ds< 0.40

Moderate 0.40 < Dr = 0.60
Quite Easy 0.60< Dsr< 0.84
Very Easy 0.84 < Dr = 1.00

Table 6.3. The difficulty level of 30 items questionnaire

Item No. No. of correct D+ Explanation
1 95 0.78 Quite Easy
2 69 0.57 Moderate
3 72 0.59 Moderate
4 96 0.79 Quite Easy
5 35 0.29 Quite Difficult
6 42 0.34 Quite Difficult
7 80 0.66 Quite Easy
8 86 0.70 Quite Easy
9 80 0.66 Quite Easy
10 55 0.45 Moderate
11 61 0.50 Moderate
12 67 0.55 Moderate
13 58 0.48 Moderate
14 61 0.50 Moderate
15 51 0.42 Moderate
16 54 0.44 Moderate
17 57 0.47 Moderate
18 65 0.53 Moderate
19 46 0.38 Quite Difficult
20 34 0.28 Quite Difficult
21 56 0.46 Moderate
22 46 0.38 Quite Difficult
23 49 0.40 Quite Difficult
24 26 0.21 Quite Difficult
25 19 0.16 Quite Difficult
26 55 0.45 Moderate
27 52 0.43 Moderate
28 75 0.61 Quite Easy
29 45 0.37 Quite Difficult
30 28 0.23 Quite Difficult

107
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As displayed in the Table 6.3, there are five levels of difficulty that these 30
questions are classified which are 'Very Easy', 'Quite Easy', 'Moderate' and 'Quite Difficult’,
'Very Difficult'. The majority of the difficulty level fall to 'Moderate’ (14 questions) and
'Quite Difficult' (10 questions) which shows that the quality of the test is quite high.

The wvalidity of the test focuses on both the difficulty level and the item
discrimination for each item ensuring that the one who gets the higher score is better than

the others with lower scores.

6.1.2 Item discrimination(D.)

Item discrimination(D.) can be calculated from the difference between the numbers of
participants who answer that item correctly. The 122 participants were split into 2 groups
defined here as high-score group and low-score group. Members of high-score group are
participants who have a score higher than percentile 50 and vice-versa for participants in

low-score group.

The participants of both high-score group and low-score group are divided by
number of either group high (Ny) or low (N.).The Ny stands for the number of participants
in a high-score group who can answer that item correctly and N stands for the number of
participants in a low-score group who can answer that item correctly. D, is calculated from
an equation Dc = (Ncu-Ncu) / Nu and is classified in five ranges. Table 6.4 shows that the
definitions of each range are 'Should be improved', 'Not so good', 'Good', 'Very good', and

'Excellent’.

Table 6.4. The ranges and definitions of item discrimination

Range definition of D. Range of D,
Should be improved 0<D. <0.20
Not so good 0.21<D. £0.40
Good 0.41 < D.<0.60
Very good 0.61<D. =<0.80
Excellent 0.81 <D, <1.00

The value of D¢ shows that each item can differentiate subjects in the high-score
group to the low-score group correctly. An item with a high value of D¢ is better at

discriminating between two groups than a low value of Dc¢.
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According to the difficulty level of the 30 item test in Table 6.3, the result shows
that the quality of this test is quite high. Together with the result of the item discrimination
in Table 6.5 which shows that more than half of the questionnaires items are defined as
'Good' and 'Very good'. It can be confirmed that this test has quite a high quality for both
difficulty level and item discrimination. Moreover the result after testing with 122
participants in Table 6.1 leads to the conclusion that number-conversion is the suitable

content for this group of participants.

Table 6.5. The item discrimination of 30 items questionnaire

Item No. Ncn N Dc Explanation
1 56 39 0.28 Not so good
2 47 22 0.41 Good
3 48 34 0.40 Not so good
4 57 39 0.30 Not so good
5 27 8 0.31 Not so good
6 30 12 0.30 Not so good
7 57 23 0.56 Good
8 56 30 0.43 Good
9 54 26 0.46 Good
10 40 15 0.41 Good
11 49 12 0.61 Very Good
12 45 22 0.38 Not so good
13 42 16 0.43 Good
14 46 15 0.51 Good
15 43 8 0.57 Good
16 40 14 0.43 Good
17 46 11 0.57 Good
18 48 17 0.51 Good
19 36 10 0.43 Good

20 28 6 0.36 Not so good
21 44 12 0.52 Good

22 36 10 0.43 Good

23 42 7 0.57 Good

24 25 1 0.40 Not so good
25 17 2 0.25 Not so good
26 42 13 0.48 Good

27 45 7 0.62 Very Good
28 50 25 0.41 Good

29 30 15 0.25 Not so good
30 19 9 0.16 Should be improved




Chapter 6: Testing Results and Analysis of Data 110

6.2 Test for the Plausibility of the Paper-Based Design

Later, applying the paper-based design to produce the short version of what we design to 12
participants who are specifically assigned into 6 pairs. Firstly each participant does the 5
questions individually as a pre-test, and then does it again with others. At the stage of
learning together, participants are allowed to communicate with each other using the
provided phrases to compose a sentence. After finishing the five questions together, these
participants then complete the same test individually as a post-test. The information of pre-
test, group-test and post-test score and the comparison between these scores are displayed

in Table 6.6.

Table 6.6. Information of pre-test, group-test and post-test score and the comparison
between pretest and post-test and pre-test to group-test for 6 pairs of participants

Post-test score | Group-test score
Group ID Pre-test | Group- Post-test is higher than | is higher than pre-
Number score test score score
pre-test sore test score

L1 5 4 5 No No
group1

L2 3 4 5 Yes Yes

L3 4 5 5 Yes Yes
group2

L4 3 5 5 Yes Yes

L5 2 1 1 No No
group3

L6 1 1 3 Yes Yes

L7 1 5 5 Yes Yes
group4

L8 4 5 5 Yes Yes

L9 5 5 5 No No
group5

L10 3 5 3 No Yes

L1 4 4 5 Yes Yes
group6

L12 1 4 3 Yes Yes

The results show that from 12 participants, eight of them get a higher score in post-
test compared to pre-test and a higher score in group-test compared to pre-test. There are
four who do not obtain a higher score in both the post-test and group-test, two of them
obtain the top score in the pre-test which cannot be increased. According to this result, it
has been shown that participants can improve their potential performance when they learn
with another and maintain that level of performance when they do it alone while using this

designed system.
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Referred to 'Low-technology Try-out summary' (See Appendix E), we will illustrate
here for the correction among five parameters which are correctness of the result,
Agreement of the group answer, knowledge contribution, similarity of individual answers

and the similarity of the final result compared to individual answers of the group members.

Table 6.7. The effect of individual answer, group answer
and on the correctness of the group result.

Indivi . Individual result:
Are they ndividual result: Same Different
Correctness L
Agreement of results contributing Total
knowledge? | group: group: group: group:
same different same different
participants yes 6 1 11 1 19
correct
agree on the no 3 0 0 0 3
group answer yes 0 0 1 0 1
incorrect
no 1 0 1 0 2
participants yes 0 0 0 0 0
. correct
disagree on no 0 0 1 1 2
the group yes 0 0 1 2 3
incorrect
answer no 0 0 0 0 0
Total 10 1 15 4 30

The Table 6.7 displays how these 30 answers, which come from 6 groups work on
five questions of the paper-based design are categorised. There are 22 answers that
participants agree on the group answers which is correct, 3 of them is correct without any
contribution from participants but the other 19 answers comes from participants who
contribute knowledge before they agree on the final answer. The majority of incorrect
answers come from the cases that participants have different individual answers together
with either disagree on the group result or do not contribute any knowledge. There are 23
answers that participants contribute knowledge, 19 of them have correct results and the
other 4 have incorrect results. This information leads to the conclusion that contributing
knowledge when learning with others helps the participants to get the correct answer

compared with saying nothing especially when the individuals' answers are different.

Before further work is done, the opinions of the 12 participants, which is displayed
in Table 6.8 as a group opinion, will be taken into account to confirm that what we have
done and will be doing are sensible and worth doing enough to help participants to improve

their learning in the computer-based collaborative learning environment.
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Table 6.8 shows that all of the groups agree that providing the student model as a
bar-chart with the explanation is quite useful for doing this test as a group of two and
suggest further that user manual should be contributed to participants before doing this test
to make sure that they familiar with the system. Some of the groups suggest giving more
examples of the number-conversion, choices of utterances, and tutorial may help them to
use this system more effectively. The groups complained about too much information at a
time during the communication session, but they agree on the well design of this paper-

based design and suggested providing user manual before using the real system.

Table 6.8. The suggestions of 6 pairs after using the paper-based design to do the group test

Group Number

Suggestion
99 1 2 3 4 5| 6

1. The system should provide an example of number based conversion of N N N N
each concept to help participants to express their belief easily and sensibly.

2. Should provide more utterance such as the negative one... rather than | N NEIN
think...or | belief..., | don’t think...(negative) should be counted.

3. The user manual should be contribute to participants before doing this test
to make sure that they familiar with the system. (The different version of NN NN N A
question is applied for this matter)

4. The tutorial for using this system should be provided to make sure that N
participants understand how to use this system correctly.

5. System is well design but too many information that have to be learned for
doing this test may delay finishing time and obstruct their interest of learning | NN A
so user manual is one of their suggestion.

6. The system should provide explanation in either description or example for
some vocabulary such as left bit of the decimal point (give participants the NN N AN
picture of what is the left and what is the right)

7. participants agree that Student Model that provide as a bar chart with the
explanation below the chart for each concept quite useful for doing this test R N N A N
as a group of two.

6.3 Apply the Design System to Answer the Questions of
This Thesis

In order to work on comparing the benefits of computer-based collaborative learning, we
then set the learning environments into 3 types which are Envil:a group of participants
which is allowed to communicate and provide information of a learning performance as a

graphical and textual format, Envi2: a group of participants which is allowed to
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communicate but not provide any information of learning performance and Envi3: a group

of individual participants.

There are 120 participants who participated in this experiment. Firstly, all of these
participants were asked to do the 30 items in the pre-test and then the test score was used to
separate participants into three similar groups. In order to do this, participants will be
separated into 2 groups according to their testing-score which are high-score group and
low-score group. The high-score group is the group that participants have the score higher
than the 50" percentile while the low-score group is the group that participants have the
score lower than or equal to the 50" percentile. The 'matching technique' is used to group

these participants into 3 similar groups for the 3 learning environments.

There are 36 participants in Envil, 24 participants in Envi2 and 25 participants in
Envi3. In Envil, there are 22 participants from the high-score group and 14 participants
from the low-score group. In Envi2, there are 12 participants from each high-score group
and low-score group. In Envi3, there are 13 participants from the high-score group and 12

participants from the low-score group.

The main goal of this research is to see whether or not seeing the information of
learning as a group may help participants to benefit from learning in the computer-based
collaborative learning environment. To achieve that goal, there are many variables and
aspects that should be considered and will be represented under issues of 'collaborative vs.
individual learning', learning performance in aspects of 'testing-score' and 'concept-score',
'self-peer-assessment vs. self-peer-actual-performance', 'communication during the group-

test', and 'the opinions after participants applied each particular system'.

6.3.1 Issuel: collaborative learning vs. individual learning.

This issue focuses on comparing the learning performance of collaborative learning and
Individual learning especially when collaborative learning is on the computer-based
learning environment in the aspect of . At this stage, three learning environments are taken
into account. Two of which apply the concept of collaborative learning and the other one
which applies the concept of individual learning. In order to compare these three learning

environments, firstly the variables of the pre-test score from the 30 items test are
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investigated to confirm the similarity of participants of each group before assigning to
particular learning environments. After having participated in the assigned learning
environments, participants are required to do the same test again as a post-test. The result of
the comparison among these post-test scores reveal whether or not participants benefit from

collaborative learning the same way as individual learning.

6.3.1.1 Compare pre-test to confirm the similarity of the groups

To confirm that participants in these three learning environments are not different, the
comparison of pre-test scores will be represented in three aspects which are consideration
of all participants, and consideration of only the high-score group, and consideration of

only the low-score group type of participants.

6.3.1.1.(a) All participants

First of all, the Analysis of Variance or ANOVA technique is used to compare the of three
learning environments using the score of the 30 item pre-test. Table 6.9 shows that there is
no significant difference at the 5% level among participants who were assigned to work in

these particular learning environments.

Table 6.9. ANOVA of pre-test score from all participants

Sum of
Squares df Mean Square F p (Sig.)
Between Groups 31.839 2 15.920 537 .586
Within Groups 2430.514 82 29.640
Total 2462.353 84

After considering the similarity of the participants for each learning environment
without the concern of Types of participants, the further step is to look into high-score
group and low-score group of participants separately beginning with the results of the high-

score group participants and followed by the low-score group participants.
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6.3.1.1(b) Participants in the high-score group

High-score group of participants will be considered at this time using Analysis of Variance
technique to compare the festing-score of the 30 item pre-test of participants in three
learning environments. Table 6.10 shows that there is no significant difference at the 5%
level among participants who were assigned to work in these particular learning
environments.

Table 6.10. ANOVA of pre-test score from participants in a high-score group

Semes | | | P eee)
Between Groups 1.945 2 973 234 792
Within Groups 178.424 43 4.149
Total 180.370 45

6.3.1.1(c) Participants in the low-score group

Low-score group of participants will be considered at this time using Analysis of Variance
technique to compare the festing-score of the 30 item pre-test of participants in three
learning environments. The result shows that there is no significant difference at the 5%
level among participants who were assigned to work in these particular learning

environments.

Table 6.11. ANOVA of pre-test score from participants in a low-score group

sSquurgrcen; df Mean Square F p (Sig.)
Between Groups 940 2 470 .097 .908
Within Groups 173.984 36 4.833
Total 174.923 38

Table 6.9, Table 6.10 and Table 6.11 show that there is no significant difference at
the 5% level of the testing-score among participants in these three learning environments.
Then the next step is to compare whether or not this computer-based collaborative learning
will have the same result to other non-computer based learning when we compare it to the
individual learning environment. Thus after assigning participants to work on the test in
these particular learning environments, the 30 item post-test are applied and the testing-
score is used as a measurement to see if there is significant difference between these

learning environments.
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6.3.1.2 Compare post-test score to see the difference between collaborative and

individual learning

The results of the post-test among these three learning environments will be represented in
respective aspects for all participants, high-score group, and low-score group. Ensuring

that whatever group type of learner is considered the results remain the same.

6.3.1.2(a) All participants

All participants will be considered at this time using Analysis of Variance technique to
compare the test score of the 30 item post-test of participants in three learning
environments. Table 6.12 shows that there is a significant difference at the 0.2% level
among participants who were assigned to work in these particular learning environments

which means that at least one pair of learning environments is different.

Table 6.12. ANOVA of post-test score from all participants

SSquurngs df Mean Square F p (Sig.)
Between Groups 347.776 2 173.888 6.472 .002
Within Groups 2203.212 82 26.868
Total 2550.988 84

To look further into the detail of the comparison between each group as a pair using
Tukey HSD, Table 6.13 shows that participants in Envil are significantly different at the

0.2% level and have a mean score higher than in participants in Envi3 by 2.47.

Table 6.13. The comparison between post-test as a pair
using Tukey HSD from all participants

95% Confidence
I W) Mean Std. . Interval

Environment Environment | difference (I-J) Error P (Sig) Lower Upper
Bound Bound

1 2 247 1.366 A73 -.79 5.73

3 4.83 1.349 .002 1.60 8.05

2 1 -2.47 1.366 A73 -5.73 .79

3 2.35 1.481 .256 -1.18 5.89

3 1 -4.83 1.349 .002 -8.05 -1.60

2 -2.35 1.481 .256 -5.89 1.18

After considering the difference among the participants for each learning
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environment without the concern of Types of participants, the next step is to look at the
high-score group and low-score group separately. Beginning with the result of the high-

score group participants and followed by the low-score group participants.

6.3.1.2(b) Participants in the high-score group

The high-score group of participants will be considered at this time using Analysis of
Variance technique to compare the festing-score of the 30 item post-test of participants in
three learning environments. Table 6.14 shows that there is a significant difference at the
4.6% level among participants who are assigned to work in these particular learning

environments which means that at least one pair of learning environments are different.

Table 6.14. ANOVA of post-test score from participants in a high-score group

Sum of .
df Mean Square F p (Sig.)
Squares
Between Groups 71.868 2 35.934 3.317 .046
Within Groups 465.871 43 10.834
Total 537.739 45

To look in further detail at the comparison between each group as a pair using
Tukey HSD, Table 6.15 shows that participants in Envil are significantly different at the
5.0% level and have the mean score higher than in participants in Envi3 by 2.87.

Table 6.15. The comparison between post-test as a pair
using Tukey HSD from participants in a high-score group

M 95% Confidence
ean Interval
Enviro(r|1)ment Envircg‘rﬂnent difference E?rtgr P (Sig.)
(1-J) Lower Upper
Bound Bound
2 1.95 1.181 234 -.91 4.82
! 3 2.87 1.181 .050 .00 5.74
1 -1.95 1.181 234 -4.82 91
2 3 .92 1.344 775 -2.35 418
1 -2.87 1.181 .050 -5.74 .00
3 2 -.92 1.344 775 -4.18 2.35
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6.3.1.2(c) Participants in the low-score group

The low-score group of participants will be considered at this time using Analysis of
Variance technique to compare the testing-score of the 30 item post-test of participants in
three learning environments. Table 6.16 shows that there is a significant difference at the
1.2% level among participants who are assigned to work in these particular learning

environments which means that at least one pair of learning environments is different.

Table 6.16. ANOVA of post-test score from participants in a low-score group

Ssquurzrg]; Df Mean Square F p (Sig.)
Between Groups 169.209 2 84.604 4.987 .012
Within Groups 610.689 36 16.964
Total 779.897 38

To look in further detail at the comparison between each group as a pair using
Tukey HSD, Table 6.17 shows that participants in Envilare significantly different at the
1.0% level and have a mean score higher than participants in Envi3 by 4.91.

Table 6.17. The comparison between post-test
as a pair using Tukey HSD from participants in a low-score group

95% Confidence
Mean Std Interval
(I) Environment | (J) Environment | difference E ’ p (Sig.)
(™)) rror Lower Upper
Bound Bound
1 2 1.48 1.620 .637 -2.48 5.44
3 491 | 1.586 010 1.03 8.79
2 1 -148 | 1.620 637 -5.44 2.48
3 3.44 | 1.649 107 -59 7.47
3 1 -4.91 | 1.586 .010 -8.79 -1.03
2 -3.44 1.649 107 -7.47 .59

Table 6.13, Table 6.15, and Table 6.17 show that the post-test scores of participants
in Envil and Envi3 are significantly different at the 0.2% level for all participants, at the
4.6% level for high-score group, and at the 1.0% level for low-score group. In order to see
which learning environment participants have the higher post-test score, the value of mean
difference is considered. The results show that participants in Envil have an average post-
test score higher than participants in Envi3. It can be concluded that collaborative learning
which is applied here as a computer-based environment can help participants to get higher

scores than learning individually in a specific number-conversion content.
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6.3.1.3 Summary of Issuel: Collaborative vs. Individual Learning

Referring to Table 6.9, Table 6.10, and Table 6.11, it can be concluded that before applying
participants to learn in Envil, Envi2 and Envi3 the learning performance on number-
conversion of the participants in each assigned group are not significantly different at the
5% level. These results are not different whether compared as all participants, high-score

group or low-score group at a particular time.

After assigning participants to learn in Envil, Envi2 and Envi3, the results of the
post-test from Table 6.13, Table 6.15 and Table 6.17 show that there are significant
difference less than the 5% level between learning performance of participants in Envil and
Envi3 whether compared as all participants, high-score group or low-score group at a
particular time. It can be concluded that learning with each other in the specific content of
number-conversion, participants can perform better than individually in the paper-based

test.

The next step will be concerned about whether there is any difference in learning
performance between the group that can see (Envil) the learning performance in computer-
based collaborative learning environment, and cannot see (Envi2) the group learning

performance in computer-based collaborative learning environment.

6.3.2 Issue2: learning performance respectively to seeing and not

seeing Ideal GLM and GLM

The information represented here is aimed at comparing two computer-based collaborative
learning environments by using seeing the learning performance and not seeing the
learning performance as a controlled variable to differentiate these learning environments.
In order to do that, number-of-correct-answer and concept-score are taken into account as
the compared performance parameters. The number-of-correct-answer is the parameter to
represent the number of questions that each participant answers correctly for both

individual and group-test.
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The concept-score is the parameter to show how well participants know about the
particular six concepts of number-conversion content. The concept-score applied here will
concerned with the matter of degree of confidence for each particular answer. In this issue,
the statistical results will be explained regarding number-of-correct-answer and concept-
score individually for pre-test, group-test and post-test and will compared to see whether

there is any significant difference between Envil and Envi?.

Moreover the concepts of, pre-post-improve-number-of-correct-answer and pre-
group-improve-number-of-correct-answer will be introduced to illustrate how far each
group can achieved when compared to number-of-correct-answer of pre-test to post-test
and pre-test to group-test, while pre-post-improved-score and pre-group-improved-score are
used to illustrate how far each group can achieve when compared to concept-score of pre-

test to post-test and pre-test to group-test.

In order to compare the learning performance respectively to specific aspects,
firstly the similarity of participants assigned in each particular learning environment is
determined. After that the comparison of number-of-correct-answer and concept-score
between specific learning environments will be illustrated for group-test and post-test. Later
the percentage of learning improvement which is introduced respectively to the concepts of
pre-post-improve-number-of-correct-answer, pre-group-improve-number-of-correct-answer,

pre-post-improved-score, and pre-group-improved-score are explained.

6.3.2.1 Use number-of-correct-answer to confirm the similarity of participants

The number-of-correct-answer is the parameter which is used to tell how many questions
each participants answers correctly. There are 4 question items assigned to participants for a
whole testing process as a pre-test, group-test and post-test. For the pre-test, each
participant will be assigned to do the test in a specific learning environment. The
comparison of number-of-correct-answer between Envil and Envi2 will be compared in
three aspects which are to confirm that there is no difference between the number-of-

correct-answer before doing the test as a group.
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6.3.2.1(a) All participants

All participants will be considered at this time using Independent T-test technique to
compare the number-of-correct-answer of the 4 items pre-test of participants in Envil and

Envi2.

Table 6.18. The basic statistical information of
the number-of-correct-answer in pre-test of all participants

Le_arnlng N Mean Std. Deviation Std. Error
Environment Mean
. 1 36 3.33 1.069 178
4 items pre-test
2 24 3.29 1.083 221

Table 6.18 shows that there are 36 participants occupied in Envil having the means
of number-of-correct-answer 3.33 and S.D. 1.069. While in Envi2, there are 24 participants
having the means 3.29 and S.D. 1.083.

Table 6.19. T-test for Equality of means' in pre-test for all participants

T-test for Equality of means

) 95% Confidence Interval of
t df p (Sig.) Mean Std. Error the Difference
(2-tailed) difference Difference

Lower ‘ Upper
147 58 .884 .04 .283 -.525 ‘ .608

Comparing the means of number-of-correct-answer between Envil and Envi2,
Table 6.19 shows that there is not a significant difference at the 5% level for all

participants.

6.3.2.1(b) Participants in the high-score group

The high-score group participants are considered at this time using Independent T-test
technique to compare the number-of-correct-answer of the 4 items pre-test of participants

in Envil and Envi2.
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Table 6.20. The information of the number-of-correct-answer
in pre-test for participants in a high-score group

Environment N Mean Std. Deviation Stﬁﬁ.eli]:or
, 1 22 3.82 664 142

Pre-test 4 items
2 12 3.75 452 131

Table 6.20 shows that there are 22 participants occupied in Envil having the means
of number-of-correct-answer 3.82 and S.D. 0.664. While in Envi2, there are 12 participants
having the means 3.75 and S.D. 0.452.

Table 6.21. 'T-test for Equality of means'
in pre-test for participants in a high-score group

T-test for Equality of means

) 95% Confidence Interval of
t df p (Sig.) Mean Std. Error the Difference
(2-tailed) difference Difference
Lower ‘ Upper
317 32 754 .07 215 -.370 ‘ .507

Comparing the means of number-of-correct-answer between Envil and Envi2,
Table 6.21 shows that there is not a significant difference at the 5% level for participants in

high-score group.

6.3.2.1(c) Participants in the low-score group

The low-score group participants are considered at this time using Independent T-test
technique to compare the number-of-correct-answer of the 4 items pre-test of participants

in Envil and Envi2.

Table 6.22. The information of the number-of-correct-answer
in pre-test for participants in a low-score group

Environment N Mean Std. Deviation Stﬁ/l.eEal;]ror
1 14 257 1.158 .309

4 items pre-test
2 12 2.83 1.337 .386

Table 6.22 shows that there are 14 participants occupied in Envil having the means
of number-of-correct-answer 2.57 and S.D. 1.158. While in Envi2, there are 12 participants
having the means 2.83 and S.D. 1.337.
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Table 6.23. 'T-test for Equality of means' in pre-test for participants in a low-score group

T-test for Equality of means

) 95% Confidence Interval of
t df p (Sig.) Mean Std. Error the Difference
(2-tailed) difference Difference
Lower ‘ Upper
-.535 24 .597 -.26 489 -1.271 .748

Comparing the means of number-of-correct-answer between Envil and Envi2,
Table 6.23 shows that there is not a significant difference at the 5% level for participants in

low-score group.

The information in 6.3.2.1(a), 6.3.2.1(b), and 6.3.2.1(c) shows that whatever the
types of participants are, there is no significant difference at the 5% level between the
means of number-of-correct-answer in pre-test for Envil and Envi2. It can be concluded
that in respect to the aspect of number-of-correct-answer, participants in Envil and Envi2

are not different.

6.3.2.2 Use concept-score to confirm the similarity of participants in Envil and

Envi2

Within this step we are concerned about the comparison between concept-score in pre-test
for six learning concepts in two different learning environments introduced here as Envil
and Envi2. The concept-score is the parameter which is used to tell how well each
participant performs in six learning concepts. Concept-score is calculated from the result-
of-the-answer of each particular question and the degree of confidence that each participant

states as a confirmation for that particular answer.

In the pre-test, the means of concept-score of each learning concept will be
compared concept by concept respectively to type of participants which are firstly
considered as all participant together, followed by high-score group and then low-score

group to confirm the similarity of participants for each learning environment.
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6.3.2.2(a) All participants

All participants are considered at this time using the Independent T-test technique to

compare the concept-score in pre-test for six learning concepts in Envil and Envi2.

Table 6.24. The information of concept-score
of six learning concepts in pre-test for all participants

Environment N Mean Std. Deviation St,(\i/l.eirr:or
Pre-test score of 1 36 63.97 35.453 5.909
concept1 2 24 63.83 30.182 6.161
Pre-test score of 1 36 7117 32.113 5.352
concept2 2 24 63.50 26.508 5.411
Pre-test score of 1 36 67.53 31.071 5.178
concept3 2 24 63.58 24.710 5.044
Pre-test score of 1 36 69.72 32.382 5.397
concept4 2 24 62.92 29.170 5.954
Pre-test score of 1 36 64.22 40.564 6.761
conceptd 2 24 69.50 28.522 5.822
Pre_test score Of 1 36 63.08 39.051 6.509
concept6 2 24 58.08 36.278 7.405

Table 6.24 shows that there are 36 participants occupied in Envil and 24
participants occupied in Envi2. The means of concept-score in pre-test for six learning
concepts are in the range of 58.08 and 71.17 while the S.D. are in the range of 24.71 and
40.564. The means of concept-score in pre-test for all learning concepts except concept5

are higher in Envil than in Envi2.

Table 6.25. 'T-test for Equality of means'of six learning concepts in pre-test for all participants

T-test for Equality of means

o )
Pre-test 95% Confidence

concept-scores t 4 | P(Sig) Mean | Std. Error |“|t39_;fva| of the
(2-tailed) | difference | Difference ierence

Lower Upper
Score for concept1 | .016 | 58 .987 14 8.818 -17.512 17.790
Score for concept2 | .969 | 58 .336 7.67 7.910 -8.167 23.500
Score for concept3 | .521 | 58 .604 3.94 7.568 -11.204 19.093
Score for concept4 | .829 | 58 410 6.81 8.208 -9.625 23.236
Score for concept5 | -.592 | 58 .556 -5.28 8.922 -23.138 12.583
Score for concept6é | .500 | 58 619 5.00 10.007 | -15.032 25.032
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Comparing the means of concept-score in pre-test for six learning concepts in
Envil and Envi2, Table 6.25 shows that there is not a significant difference at the 5% level

for all six learning concepts in respect to all participants at a time.

6.3.2.2(b) Participants in the high-score group

The high-score group participants are considered at this time using the Independent T-test
technique to compare the concept-score in pre-test for six learning concepts within Envil

and Envi2.

Table 6.26. The information of concept-score
of six learning concepts in pre-test for participants in a high-score group

Environment N Mean De?itgfion Stlt\j/I.eEarr:or
Pre-test score of 1 22 76.05 26.511 5.652
concept1 2 12 77.25 16.063 4.637
Pre-test score of 1 22 85.68 26.942 5.744
concept2 2 12 75.83 20.094 5.801
Pre-test score of 1 22 80.73 23.895 5.094
concept3 2 12 76.50 13.873 4.005
Pre-test score of 1 22 82.64 22.969 4.897
concept4 2 12 77.25 16.063 4.637
Pre-test score of 1 22 76.23 34.679 7.394
conceptb 2 12 82.67 14.950 4.316
Pre-test score of 1 22 75.23 31.565 6.730
concept6 2 12 71.67 26.572 7.671

Table 6.26 shows that there are 22 participants within Envil and 12 participants
within Envi2. The means of concept-score in pre-test for six learning concepts are in the
range of 71.67 and 85.68 while the S.D.'s are in the range of 13.873 and 34.679. The means
of concept-score in pre-test for all learning concepts exceptconcept? and concept5 are

higher in Envil than in Envi2.

Comparing the means of concept-score in pre-test for six learning concepts in
Envil and Envi2. Table 6.27 shows that there is no significant difference at the 5% for all

six learning concepts respectively to participants in high-score group.
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Table 6.27. "T-test for Equality of means'
of six learning concepts in pre-test for participants in a high-score group
T-test for Equality of means
Pre-test 95% Confidence
concept-scores t g | P(Sig) | Mean Std. Error Inlt:)ei;fvee:’le?]fctehe
(2-tailed) | difference | Difference
Lower Upper
Score for concept1 -.165 32 .870 -1.20 7.311 -16.105 13.696
Score for concept2 | 1.106 32 277 9.85 8.901 -8.282 27.979
Score for concept3 .561 32 579 4.23 7.535 -11.121 19.576
Score for concept4 .720 32 ATT7 5.39 7.484 -9.858 20.631
Score for concept5 -.752 32 458 -6.44 8.561 -23.902 11.023
Score for concept6 .331 32 .743 3.56 10.746 -18.328 25.449

6.3.2.2(c) Participants in the low-score group

126

low-score group participants are considered at this time using the Independent T-test

technique to compare the concept-score in pre-test for six learning concepts in Envil and

Envi2.

Table 6.28. The information of concept-score
of six learning concepts in pre-test for participants in a low-score group

Pre-test Environment N Mean Std. Deviation Std. Error

concept-score Mean

Pre-test score of 1 14 45.00 40.180 10.739
concept1 2 12 50.42 35.410 10.222
Pre-test score of 1 14 48.36 26.211 7.005
concept2 2 12 51.17 27.085 7.819
Pre-test score of 1 14 46.79 30.309 8.100
concept3 2 12 50.67 26.837 7.747
Pre-test score of 1 14 49.43 35.287 9.431
concept4 2 12 48.58 32.754 9.455
Pre-test score of 1 14 45.36 43.129 11.527
conceptd 2 12 56.33 33.153 9.571
Pre-test score of 1 14 44.00 43.063 11.509
concept6 2 12 44.50 40.536 11.702

Table 6.28 shows that there are 14 participants within Envil and 12 participants

within Envi2. The means of concept-score in pre-test for six learning concepts are in the

range of 44.00 and 56.33 while the S.D.'s are in the range of 26.211 and 43.129. The means

of concept-score in pre-test for all learning concepts except concept4 are higher in Envi2

than in Envil.
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Table 6.29. 'T-test for Equality of means'
of six learning concepts in pre-test for participants in a low-score group

T-test for Equality of means
95% Confidence
Pre-test
p (Sig.) Mean Std. Error Interval of the
concept-scores t df .
(2-tailed) | difference | Difference Difference
Lower Upper
Score for concept1 -.362 24 721 -5.42 14.976 -36.326 25.492
Score for concept2 -.268 24 791 -2.81 10.470 -24.419 18.800
Score for concept3 -.343 24 735 -3.88 11.318 -27.240 19.478
Score for concept4 .063 24 .950 .85 13.434 -26.882 28.572
Score for concept5 -.733 24 471 -10.98 14.982 -41.914 19.962
Score for concept6 -.030 24 976 -.50 16.493 -34.540 33.540

Comparing the means of concept-score in pre-test for six learning concepts in
Envil and Envi2. Table 6.29 shows that there is no significant difference at the 5% for all

six learning concepts in respect to participants in the low-score group.

The information in 6.3.2.2(a), 6.3.2.2(b), and 6.3.2.2(c) shows that whatever the
types of participants are, there is no significant difference at the 5% level between the
means of concept-score in pre-test for Envil and Envi2. It can be concluded that in respect

to the aspect of concept-score, participants in Envil and Envi2 are not different.

6.3.2.3 Compare learning performance using concept-score of six learning

concept in group-test

This step is concerned about the comparison between concept-score in the group-test for six
learning concepts in Envil and Envi2. The means of concept-score for each learning
concept will be compared respectively to type of participants which are considered firstly
as all participant together, followed by high-score group and finishing with low-score
group aspect to see what will happen when similar groups of participants are applied in

different learning environments.
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6.3.2.3(a) All participants

All participants are considered at this time using the Independent T-test technique to

compare the concept-score in group-test for six learning concepts in Envil and Envi2.

Table 6.30. The information of concept-score
of six learning concepts in group-test for all participants

Environment N Mean Des;[gfion St,(\i/l.eirrzor
Group-test score 1 36 74.94 31.885 5.314
for concept1 2 24 68.75 21.598 4.409
Group-test score 1 36 76.22 26.290 4.382
for concept2 2 24 57.67 30.344 6.194
Group-test score 1 36 78.28 22.652 3.775
for concept3 2 24 63.92 22.073 4.506
Group-test score 1 36 81.78 29.165 4.861
for concept4 2 24 65.42 28.473 5.812
Group-test score 1 36 79.72 24.331 4.055
for concept5 2 24 69.50 20.908 4.268
Group-test score 1 36 76.22 26.290 4.382
for concepté 2 24 55.58 33.356 6.809

Table 6.30 shows that there are 36 participants within Envil and 24 participants
within Envi2. The means of concept-score in group-test for the six learning concepts are in
the range of 74.94 and 81.78 for Envil, and in the range of 55.58 and 69.50 for Envi2. The
range of S.D.'s is between 22.652 and 31.885 for Envil and between 20.908 and 33.356 for
Envi2. The means difference in Table 6.31 shows that concept-score in group-test of all six
learning concepts are higher in Envil than in Envi2. Ensuring the significant difference of

means for concept-score in group-test, T-test for equality of means is considered.

Table 6.31. "T-test for Equality of means' of six learning concepts in group-test for all participants

T-test for Equality of means

Group-test ) 95% Confidence Interval
concept-score s t af | P(Sig) Mean Std. Error of the Difference
(2-tailed) | difference | Difference

Lower Upper
Score for concept1 .897 58 373 6.19 6.905 -7.627 20.016
Score for concept2 2.518 58 .016 18.56 7.370 3.8.3 33.309
Score for concept3 2.430 58 .018 14.36 5.909 2.532 26.190
Score for concept4 2.149 58 .036 16.36 7.614 1.121 31.602
Score for concept5 1.684 58 .098 10.22 6.070 -1.928 22.373
Score for concept6 2.673 58 .010 20.64 7.720 5.185 36.093
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Table 6.31 shows that the means of concept-score in group-test for learning
concept2, concept3, conceptd and concept6 are significantly different at the 1.6% level, the
1.8% level, the 3.6% level, and the 1.0% level. While the other two concepts, which are
concept]l and concept5, are not significantly different at the 5% level in respect to all

participants.

6.3.2.3(b) Participants in the high-score group

The high-score group participants are considered at this time using the Independent T-test
technique to compare the concept-score in group-test for the six learning concepts within

Envil and Envi2.

Table 6.32. The information of concept-score
of six learning concepts in group-test for participants in a high-score group

Environment N Mean Std. Deviation St;\j/l' Error
ean
Group_test score of 1 22 87.82 23.132 4,932
concept1 2 12 78.67 10.120 2.922
Group-test score of 1 22 85.32 21.408 4.564
concept2 2 12 67.25 30.449 8.790
Group_test score of 1 22 88.50 14.418 3.074
concept3 2 12 74.42 18.865 5.446
Group-test score of 1 22 91.77 16.707 3.562
concept4 2 12 77.92 16.161 4.665
Group-test score of 1 22 90.00 17.739 3.782
concept5 2 12 7717 16.954 4.894
Group-test score of 1 22 85.32 21.408 4.564
concept6 2 12 67.25 30.449 8.790

Table 6.32 shows that there are 22 participants within Envil and 12 participants
within Envi2. The means of concept-score in group-test for six learning concepts are in the
range of 85.32 and 91.77 for Envil, and in the range of 67.25 and 78.67 for Envi2. The
range of the S.D. is between 14.418 and 23.132 for Envil and between 10.120 and 30.449
for Envi2. The means difference in Table 6.33 shows that concept-score in group-test of all
six learning concepts are higher in Envil than in Envi2. Ensuring the significant difference

of means for concept-score in group-test, T-test for equality of means is considered.
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Table 6.33. 'T-test for Equality of means'
of six learning concepts in group-test for participants in a high-score group

T-test for Equality of means
Group-test 95% Confidence
concept-score s t df | P(Sig) | Mean | Std.Error Inlt:;a”r_fv:rle?]fcte
(2-tailed) | difference | Difference

Lower Upper
Score for concept1 1.297 | 32 .204 9.15 7.054 -5.217 23.520
Score for concept2 2.023 | 32 .052 18.07 8.932 -.126 36.262
Score for concept3 2440 | 32 .020 14.08 5.773 2.324 25.842
Score for concept4 2.337 | 32 .026 13.86 5.929 1.779 25.933
Score for concept5 2.047 | 32 .049 12.83 6.271 .061 25.606
Score for concept6 2.023 | 32 .052 18.07 8.932 -.126 36.262

Table 6.33 shows that the means of concept-score in group-test for learning concept
3, concept4d and conceptS are significantly different at the 2.0% level, the 2.6% level, and
the 4.9% levels. While the other three concepts, which are conceptl, concept2 and
concept6, are not significantly different at the 5% level in respect to participants in the
high-score group. It can be concluded that in the high-score group, learners in Envil
perform significantly better than Envi2 in using an arithmetic equation to calculate values
of both within bits (Concept3) and between bits (Concept4), and transform the given

number of the left-hand side of the decimal point into other forms (Concept5).

6.3.2.3(c) Participants in the low-score group

The low-score group participants are considered at this time using the Independent T-test
technique to compare the concept-score in group-test for six learning concepts in Envil and

Envi2.

Table 6.34 shows that there are 14 participants within Envi/ and 12 participants
within Envi2. The means of concept-score in group-test for six learning concepts are in the
range of 54.71 and 66.07 for Envil and in the range of 43.92 and 61.83 for Envi2. The
range of S.D. is between 21.309 and 37.475 for Envil, and between 20.549 and 33.2 for
Envi2. The means difference in Table 6.35 shows that concept-score in group-test of all six
learning concepts are higher in Envil than in Envi2. Ensuring the significant difference of

means for concept-score in group-test, T-test for equality of means is considered.
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Table 6.34. The information of concept-score
of six learning concepts in group-test for participants in a low-score group

Environment N Mean Desitgt-ion Stﬁﬂ'efa:or
Group-test score for 1 14 54.71 33.933 9.069
concept1 2 12 58.83 | 25.658 7.407
Group-test score for 1 14 61.93 27.575 7.370
concept2 2 12 48.08 28.244 8.153
Group-test score for 1 14 62.21 24.309 6.497
concept3 2 12 53.42 20.549 5.932
Group-test score for 1 14 66.07 37.475 10.016
concept4 2 12 5292 |  33.060 9.544
Group-test score for 1 14 63.57 25.016 6.686
concepts 2 12 61.83 22.323 6.444
Group-test score for 1 14 61.93 27.575 7.370
concept6 2 12 43.92 33.200 9.584

Table 6.35 shows that the means of concept-score in group-test for all six learning
concepts are not significantly different at the 5% level in respect to participants in low-
score group.

Table 6.35. 'T-test for Equality of means'
of six learning concepts in group-test for participants in a low-score group

T-test for Equality of means
Group-test 95% Confidence
concept-score s t gf | P(Sig.) | Mean | Std. Error Inltjei;fvearlecr)‘fctehe
(2-tailed) | difference | Difference

Lower Upper
Score for concept1 -.344 24 734 -4.12 11.968 -28.819 20.581
Score for concept2 1.262 | 24 219 13.85 10.969 -8.794 36.485
Score for concept3 .987 24 334 8.80 8.916 -9.604 27.199
Score for concept4 941 24 .356 13.15 13.973 -15.685 41.995
Score for concept5 .185 24 .854 1.74 9.371 -17.602 21.078
Score for concept6 1512 | 24 144 18.01 11.913 -6.576 42.600

The information in 6.3.2.3(a) shows that comparing all participants of Envil to
Envi2 that there are four learning concepts which the means are significantly different
under the 5% level. Considering participants in high-score group in 6.3.2.3(b), there are
three learning concepts which the means are significantly different less than the 5% level,;
two of these — concept3, and concept4, are the same concepts as the result from Table 6.31.
Considering only participants in low-score group in 6.3.2.3(c), there no significant

differences at the 5% level between the means of concept-score in group-test.
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6.3.2.4 Compare learning performance using concept-score of six learning

concepts in post-test

This step is concerned with the comparison between concept-score in the post-test for six
learning concepts in Envil and Envi2. The means of concept-score for each learning
concept will be compared in respect to the type of participants which are considered for all
participants together, followed by high-score group, and finished with low-score group
aspect to see what will happen when similar groups of participants are within different

learning environments.

6.3.2.4(a) All participants

All participants are considered at this time using the Independent T-test technique to

compare the concept-score in group-test for six learning concepts in Envil and Envi2.

Table 6.36. The information of concept-score
of six learning concepts in post-test for all participants

Post-test Environment N Mean Std. Deviation Std. Error
concept-score Mean
Post-test score 1 36 82.08 30.900 5.150
for concept1 2 24 71.04 33.621 6.863
Post-test score 1 36 85.00 21.941 3.657
for concept2 2 24 72.92 29.522 6.026
Post-test score 1 36 83.61 23.689 3.948
for concept3 2 24 72.88 27.701 5.654
Post-test score 1 36 83.33 24172 4.029
for concept4 2 24 71.46 31.605 6.451
Post-test score 1 36 82.08 30.900 5.150
for concept5 2 24 71.04 33.621 6.863
Post-test score 1 36 85.00 21.941 3.657
for concept6 2 24 74.58 27.462 5.606

Table 6.36 shows that there are 36 participants within Envil and 24 participants
within Envi2. The means of concept-score in post-test for six learning concepts are in the
range of 82.08 and 85.00 for Envil, and in the range of 71.04 and 74.58 for Envi2. The
range of S.D. is between 21.941 and 30.90 for Envil and between 27.462 and 33.621 for
Envi2. The means difference in table 6.37 shows that concept-score in post-test of all six
learning concepts are higher in Envil than in Envi2. Ensuring the significant difference of

means for concept-score in post-test, T-test for equality of means is considered.
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Table 6.37. 'T-test for Equality of means'
of six learning concepts in post-test for all participants

T-test for Equality of means
Post-test 95% Confidence
concept-score t g | P(Sig.) | Mean Std. Error Int;;fv(ie?]?ehe
(2-tailed) | difference | Difference
Lower Upper
Score for concept1 1.309 58 .196 11.04 8.435 -5.842 27.925
Score for concept2 1.818 58 .074 12.08 6.647 -1.221 25.388
Score for concept3 1.607 58 114 10.74 6.682 -2.639 24 111
Score for concept4 1.647 58 .105 11.88 7.211 -2.559 26.309
Score for concept5 1.309 58 .196 11.04 8.435 -5.842 27.925
Score for concept6 1.628 58 .109 10.42 6.399 -2.392 23.225

Table 6.37 shows that the means of concept-score in post-test for all six learning

concepts are not significantly different at the 5% level in respect to all participants.

6.3.2.4(b) Participants in the high-score group

The high-score group participants are considered at this time using the Independent T-test
technique to compare the concept-score in group-test for six learning concepts in Envil and
Envi2.

Table 6.38. The information of concept-score
of six learning concepts in post-test for participants in a high-score group

Post-test . Std. Std. Error
Environment N Mean P

concept-score Deviation Mean
Post-test score for 1 22 97.73 7.356 1.568
concept1 2 12 86.25 14.943 4.314
Post-test score for 1 22 97.95 5.038 1.074
concept2 2 12 88.33 14.822 4.279
Post-test score for ! 22 97.91 4.058 -865
concept3 2 12 87.33 10.129 2.924
Post-test score for ! 22 96.36 7.588 1.618
concept4 2 12 87.50 14.538 4197
Post-test score for 1 22 97.73 7.356 1.568
concept5 2 12 86.25 14.943 4.314
Post-test score for 1 22 97.95 5.038 1.074
concept6 2 12 88.33 14.822 4.279
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Table 6.38 shows that there are 22 participants within Envil and 12 participants
within Envi2. The means of concept-score in post-test for six learning concepts are in the
range of 96.36 and 97.95 for Envil, and in the range of 86.25 and 88.33 for Envi2. The
range of S.D. is between 4.058 and 7.588 for Envil and between 10.129 and 14.943 for
Envi2. The means difference in Table 6.37 shows that concept-score in post-test of all six
learning concepts are higher in Envil than in Envi2. Ensuring the significant difference of

means for concept-score in post-test, T-test for equality of means is considered.

Table 6.39. 'T-test for Equality of means'
six learning concepts in post-test for participants in a high-score group

T-test for Equality of means
95% Confidence
Post-test ; Interval of the
Concept_score t df ] (Slg) Mean Std. Error Diff
(2-tailed) | difference | Difference nerence
Lower Upper
Score for concept1 2.501 32 .025 11.48 4.590 1.631 21.324
Score for concept2 2.181 32 .049 9.62 4.412 .044 19.199
Score for concept3 3.468 32 .004 10.58 3.049 3.986 17.166
Score for concept4 2.350 32 .025 8.86 3.771 1.182 16.546
Score for concept5 2.501 32 .025 11.48 4.590 1.631 21.324
Score for concept6 2.181 32 .049 9.62 4.412 .044 19.199

Table 6.39 shows that the means of concept-score in post-test for all six learning
concepts are significantly different less than the 5% level. The significant difference of the
means is at the 2.5% level for learning conceptl, at the 4.9% level for learning concept2, at
the 0.4% level for learning concept3, at the 2.5% level for learning concept4, at the 2.5%

level for learning concept5 and at the 4.9% level for learning concept6.

6.3.2.4(c) Participants in the low-score group

The low-score group participants are considered at this time using the Independent T-test

technique to compare the concept-score in group-test for six learning concepts in Envil and

Envi2.

Table 6.40 shows that there are 14 participants within Envil and 12 participants
within Envi2. The means of concept-score in post-test for six learning concepts are in the

range of 57.50 and 64.64 for Envil, and in the range of 55.42 and 60.83 for Envi2. The
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range of S.D. is between 22.910 and 37.660 for Envil and between 30.736 and 40.443 for
Envi2. The means difference in Table 6.41 shows that concept-score in post-test of all six
learning concepts are higher in Envil than in Envi2. Ensuring the significant difference of

means for concept-score in post-test, T-test for equality of means is considered.

Table 6.40. The information of concept-score
of six learning concepts in post-test for participants in a low-score group

Post-test Environment N Mean Std. Deviation Std. Error
concept-score Mean
Post-test score 1 14 57.50 37.660 10.065
for concept1 2 12 55.83 40.443 11.675
Post-test score 1 14 64.64 22.910 6.123
for concept2 2 12 57.50 32.926 9.505
Post-test score 1 14 61.14 24.384 6.517
for concept3 2 12 58.42 32.338 9.335
Post-test score 1 14 62.86 27.225 7.276
for concept4 2 12 55.42 36.273 10.471
Post-test score 1 14 57.50 37.660 10.065
for concepts 2 12 55.83 40.443 11.675
Post-test score 1 14 64.64 22.910 6.123
for concept6 2 12 60.83 30.736 8.873

Table 6.41 shows that the means of concept-score in post-test are not significantly
different at the 5% level for all six learning concepts in respect to participants in the low-

score group.

Table 6.41. '"T-test for Equality of means'
of six learning concepts in post-test for participants in a low-score group

T-test for Equality of means
Post-test 95% Confidence
concept-scores t af | P(Sig) Mean Std. Error Inltjei;fvea:'le?]fcte
(2-tailed) | difference | Difference
Lower Upper
Score for concept1 .109 24 914 1.67 15.327 -29.966 33.300
Score for concept2 .650 24 522 714 10.995 -15.550 29.836
Score for concept3 .245 24 .809 2.73 11.136 -20.258 25.711
Score for concept4 597 24 .556 7.44 12.468 -18.293 33.174
Score for concept5 .109 24 914 1.67 15.327 -29.966 33.300
Score for concept6 .362 24 721 3.81 10.536 -17.936 25.555
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The information in 6.3.2.4(a) shows that comparing the means of concept-score
for all participants in pre-test, there is not significant difference under the 5% level.
However considering participants in high-score group in 6.3.2.4(b), the result shows that
the means of all six learning concepts are significantly different less than the 5% level.
Even though after considering the participants in the low-score group (See 6.3.2.4(c)); the

results turn out the same way for all participants.

6.3.2.5 The improved of learning performance based on result-of-the-answer

6.3.2.5(a) The improved of 'result-of-the-answer' of pre-test vs. group-test

The difference of result-of-the-answer between pre-test and group-test or pre-group-result-
of-the-answer is classified into 'Improved’, and 'Not improved'. The 'Improved’ is assigned if
the result-of-the-answer of the group-test is higher than the pre-test and vice-versa for 'Not
improved'. However 'Not improved' does not mean that these participants cannot do any
better but maybe because the results-of-the-answer are correct already for the pre-test.
Therefore '‘Not improved' here are considered within two situations which are correct for the
results that already correct for both pre-test and group-test, and incorrect for any situation

that the result of the group-test is incorrect.

Table 6.42. The improved of result-of-the-answer
when comparing pre-test to group-test.

Improved Not improved
Learning Only cases that
Environment For all cases can be Correct Incorrect
improved
Envit 50.46% 67.28% 25.00% 24.54%
Envi2 46.53% 53.60% 13.19% 40.28%

Table 6.42 shows that 50.46% of participants in Envil are defined as 'ITmproved’ and
49.54% are defined 'Not improved'. A further look into the detail of 'Not improved' itself,
reveals 25% of which answer both pre-test and group-test correctly while the other 24.54%
answer the group-test incorrectly. In FEnvi2, the 46.53% of participants are defined
'Improved’ and 55.47% is defined 'Not improved'. When looking into the detail of 'Not
improved' itself, 13.19% of which answer both pre-test and group-test correctly while the

other 40.48% answer the group-test incorrectly.
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In order to see the improved of result-of-the-answer, only the cases of 'Tmproved’
and incorrect are considered as cases of potential-to-be-improved. Comparing the number
of participants who are assigned as 'Improved’ to participants who have potential to be
improved, the result shows that 67.28% of Envil and 53.60% Envi2 are assigned as

'Improved'.

6.3.2.5(b) The improved of 'result-of-the-answer' of pre-test vs. post-test

The difference of result-of-the-answer between pre-test and post-test or Pre-Post-result-of-
the-answer is classified into 'ITmproved’, 'Not improved'. The 'Improved’ is assigned if the
result-of-the-answer of the post-test is higher than the pre-test and vice-versa for 'Not

improved'.

However 'Not improved' does not mean that these participants cannot do any better
but maybe because the results-of-the-answer are correct already for the pre-test. Therefore
'Not improved' here is considered as two situations which are Correct for the results that
already correct for both pre-test and post-test, and incorrect for any situation that the result

of the post-test is incorrect.

Table 6.43. The improved of result-of-the-answer when compare pre-test to post-test.

Improved Not improved
Learning
Environment | or gl cases For cases that Correct Incorrect
can be improved
Envit 60.65% 82.91% 26.85% 12.50%
Envi2 60.42% 69.60% 13.19% 26.39%

Table 6.43 shows that 60.65% of participants in Envil are defined as 'ITmproved’ and
39.35% are defined as 'Not improved'. A further look into the detail of 'Not improved' itself,
shows 26.85% of which answer both pre-test and post-test correctly while the other 12.50%
answer the post-test incorrectly. In Envi2, 60.42% of participants are defined as 'Tmproved’
and 39.58% are defined as 'Not improved'. When looking into the detail of 'Not improved'
itself, 13.19% answer both pre-test and post-test correctly while the other 26.39% answer

the post-test incorrectly.
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In order to see the improved of result-of-the-answer, the only cases of 'Tmproved’
and incorrect are considered as cases of potential-to-be-improved. Comparing the number
of participants who are assigned as 'Improved’ to participants who have potential to be
improved, the result shows that 82.91% of Envil and 69.60% Envi2 are assigned as

'Improved'.

6.3.2.6 The improved of learning performance based on concept-score

6.3.2.6(a) The improved of concept-score from pre-test vs. group-test for particular

six concepts

The difference of concept-score between pre-test and group-test or pre-group-concept-
score is classified into 'Improved’, and 'Not improved'. The 'Improved’ is assigned if the
concept-score of the group-test is higher than the pre-test and vice-versa for ‘Not improved'.
However 'Not improved’ does not mean these participants cannot do any better but maybe
because the concept-score have met the ceiling for the pre-test. Therefore the factor of
meeting the ceiling point will be taken into account as ‘Meet-ceiling’ and 'Under-ceiling’ for

'Not improved' situations.

Table 6.44. The improved of concept-score when compare pre-test to group-test.

Improved Not improved
Learning Of cases that
Environment | of 5| cases can be Meet-ceiling Under-ceiling
improved
Envit 15.3% 43.3% 64.8% 19.9%
Envi2 22.2% 50.8% 56.3% 21.5%

Table 6.44 shows that 15.3% of participants in Envil are defined as 'Tmproved’ and
84.7% are defined as 'Not improved'. A further look into the detail of 'Not improved' itself,
shows 64.8% of which answer both pre-test and group-test correctly while the other 19.9%
answer the group-test incorrectly. In Envi2, 22.2% of participants are defined as 'Tmproved’
and 77.8% are defined as 'Not improved'. When looking into the detail of 'Not improved’
itself, 56.3% of which answer both pre-test and group-test correctly while the other 21.5%

answer the group-test incorrectly.
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In order to see the improved of concept-score, the only cases of 'Improved' and
'Under-ceiling' are considered as cases of potential-to-be-improved. Comparing the number
of participants who are assigned as 'Improved’ to participants who have potential to be
improved, the result shows that 43.3% of Envil and 50.8% of Envi2 are assigned as

'Improved'.

6.3.2.6(b) The improved of concept-score of pre-test vs. post-test

The difference of concept-score between pre-test and post-test or Pre-Post-concept-score is
classified into 'Tmproved’, and 'Not improved'. The 'Improved’ is assigned if the concept-
score of the post-test is higher than the pre-test and vice versa for 'Not improved'. However
'Not improved' does not mean these participants cannot do any better but maybe because the
concept-score have met the ceiling for the pre-test. Therefore the factor of meeting the
ceiling point will be taken into account as 'Meet-ceiling’ and 'Under-ceiling’ for 'Not

improved' situations.

Table 6.45. The improved of concept-score when compare pre-test to post-test.

Improved Not improved
Learning Of cases that
Environment | o 5| cases can be Meet-ceiling Under-ceiling
improved
Envit1 9.0% 33.3% 73.0% 18.0%
Envi2 6.0% 25.0% 76.0% 18.0%

Table 6.45 shows that 9.0% of participants in Envil are defined as Improved’ and
91.0% are defined as 'Not improved'. A further look into the detail of 'Not improved' itself,
shows 73.0% of participants are assigned as 'Meet-ceiling’ while the other 18.0% are
assigned as 'Under-ceiling'. In Envi2, 6.0% of participants are defined 'Improved’ and
94.0% are assigned as 'Not improved'. When looking into the detail of 'Not improved' itself,
76.0% of participants are assigned as 'Meet-ceiling’ while the other 18.0% are assigned as

'Under-ceiling’.

In order to see the improved of concept-score, the only cases of 'Improved' and
'Under-ceiling' are considered as cases of potential-to-be-improved. Comparing number of
participants who are assigned as 'Improved’ to participants who have potential to improved,

the result shows that 33.3% of Envil and 25.0% of Envi2 are assigned as 'Improved’.
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6.3.2.7 Summary of Issue2:Learning Performance respectively to seeing and

not seeing IdealGLM and GLM

After comparing the learning performance as a pre-test in respect to the specific aspects, it
can be concluded that participants in Envil and Envi2 are not significantly different at the
5% level whether considering the type of participants as all participants, high-score group
or low-score group in both aspects of number-of-correct-answer (see Table 6.19, Table 6.21

and Table 6.23) and concept-score (see Table 6.25, Table 6.27 and Table 6.29)

Later considering the group-test, the mean score of Envil is higher than Envi2
whether or not considering the type of participants. After comparing concept-score of
Envil and Envi2 using 'Independent T-test', the results show that there are four concept-
score for all participants, three concept-score for high-score group which are significantly
different under the 5% level. In post-test, the mean score of Envil is still higher than Envi2
whether or not considering the type of participants. After comparing concept-score of
Envil and Envi2 using 'Independent T-test', the results show that there is one concept-score
for all participants, all six concept-score for high-score group are significantly different

under the 5% level.

For the cases for which the participants had a chance to improve, we examine the
improvement in learning performance based on result-of-the-answer for the two
comparisons pre-test/group-test and pre-test/post-test. Table 6.42 and Table 6.43 show the
percentage of participants who are assigned as 'Tmproved’ is higher in Envil than Envi2.
For the improvement in learning performance based on concept-score when comparing pre-
test to post-test, Table 6.44 shows that the percentage of participants who are assigned as
'Improved’ is higher in Envil than Envi2. However the result does not work the same way

when comparing pre-test to group-test for the same aspect.

Respectively to the evidence here, it cannot be concluded that the participants who
are assigned in Envil perform better than participants in Envi2 for all aspects. However
some evidence leads us to look further for other supportive information that may reveal
what really happened during the group-test. The next issue is focusing on how well
participants assess themselves and their pairs together with whether or not the accuracy of

the assessment has an affect on the improved of learning performance.
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6.3.3 Issue3: Effect of seeing and not seeing the learning
performance on self-peer-assessment comparing to self-peer-actual-

performance

This issue is concern with seeing and not seeing the learning performance as IdealGLM
(before doing the group-test) and as GLM (during and after doing the group-test). In order
to see whether or not there is any effect of seeing (Envil) and not seeing (Envi2) on the
accuracy of self-assessment and peer-assessment. Furthermore is there any correlation
between the accuracy self-assessment and peer-assessment between themselves and to the
improvement of learning performance. One way of knowing ones' thoughts is to ask them

to express information in explicit ways.

In this work, we provide questionnaires in both computer-based and paper-based
format to participants so they can assess themselves and their peers during working as a
group. After having the explicit information of how participants thought about themselves
and their peers, the self-assessment and self-actual-performance will be compared using the
'Pair-T-Test technique'. Followed by the comparison between peer-assessment and peer-

actual-performance.

6.3.3.1 Correlation between self-assessment and self-actual-performance

The result of self-assessment and self-actual-performance is compared in order to see how
accurate participants assess themselves after they perform the individual task and see the
IdealGLM. As seen in Table 6.46, there are basic statistical values of mean and S.D. for

self-assessment and self-actual-performance.

After using 'Pair Sample T-test' technique, the results in Table 6.48 show that there
is no significant difference at the 5% level between variables of self-assessment and self-
actual-performance for both Envil and Envi2. However considering the correlation
between these two variables (See Table 6.47) in Envil, shows that there is a highly
significant correlation of 0.842 which confirms that the two variables are related. While in

Envi2 the correlation is not significant.
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Table6.46. Paired Samples Statistics:
self-assessment and self-actual-performance of Enviland Envi2

Learning . Std. Std. Error
Environment Pair Mean N Deviation Mean

Envit self-assessment 7.556 36 2.5122 0.4187
nvi

self-actual-performance 7.528 36 2.8620 0.4770

Envio self-assessment 6.792 24 1.5317 0.3127
nvi

self-actual-performance 6.037 24 2.6834 0.5477

Table 6.47. Paired Samples Correlations:
self-assessment and self-actual-performance of Envil and Envi2
Learning Pair N Correlation p (Sig.)

Environment

self-assessment &

Envit self-actual-performance

36 0.842 0.000

self-assessment &

Envi2 self-actual-performance

24 0.312 0.138

Table 6.48. Paired Samples Test:
self-assessment and self-actual-performance of Enviland Envi2

Paired Differences i
Pair1 t df 2P (S;ga)
Mean | Std. Deviation (2-tailed)
Envi1: self-assessment - 0.028 15464 0108 | 35 0.915
self-actual-performance
Envi2: self-assessment - 0.754 26425 1398 | 23 0175

self-actual-performance

The information in Table 6.46, Table 6.47 and Table 6.48 infers that participants in
Envil assess themselves more precisely than participants in Envi2. It is plausible to say that
learners who know more - by seeing the group learner model - assess what they don't know
better - by giving information of what they know (self-assessment) and what they don't
know but their peers might know (peer-assessment). The next step will be looking further
into whether or not there is a consistency between the accuracy of self-assessment and

peer-assessment.

6.3.3.2 Correlation between peer-assessment and peer-actual-performance

The result of peer-assessment and peer-actual-performance is compared in order to see
how accurate participants assess their peers after performing the individual task and seeing
the Ideal GLM. As seen in Table 6.49, there are basic statistical values of mean and S.D. for

peer-assessment and peer-actual-performance.
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After using 'Pair Sample T-test' technique, the results in Table 6.51 show that there
is no significant difference at the 5% level between the variables of peer-assessment and
peer-actual-performance for both Envil and Envi2. However considering to the correlation
between these two variables (See Table 6.50) in Envil, shows a highly significant
correlation of 0.854 which confirms that the two variables are related. While in Envi2 the

correlation is not significant.

Table 6.49. Paired Samples Statistics:
peer-assessment and peer-actual-performance of Envil and Envi2

Erl;\/eizfcggmgnt Pair Mean N De?it:fion Stl(\j/l-eE\:or
. peer-assessment 7.639 36 2.3923 0.3987

Envit peer-actual-performance 7.528 36 2.8620 0.4770
Envio peer-assessment 7.000 24 0.9780 0.1996
peer-actual-performance 6.037 24 2.6834 0.5477

Table 6.50. Paired Samples Correlations:
peer-assessment and peer-actual-performance of Envil and Envi2

Learning Pair N Correlation p (Sig.)
Environment
Envi1 | Peer-assessment & 36 0.854 0.000
peer-actual-performance
Enviz | Peer-assessment & 24 0.350 0.094

peer-actual-performance

Table 6.51. Paired Samples Test:
peer-assessment and peer-actual-performance of Envil and Envi2

Paired Differences ;
Pair1 t df p (Sig.)
Mean | Std. Deviation (2-tailed)

Envi1: peer-assessment -

0.111 1.4897 0.448 | 35 0.657
peer-actual-performance

Envi2: peer-assessment -

0.963 2.5144 1.875 | 23 0.074
peer-actual-performance

The information in Table 6.49, Table 6.50 and Table 6.51 infers that participants in
Envil assess the performance of their peers more precisely than participants in Envi2.
Referring to the consistency between the accuracy of self-assessment and peer-assessment
of participants in Envil and Envi2, the results show that the participants in Envil can assess
themselves and their peers better than the participants in Envi2. It can be inferred that
seeing the learning performance as IdealGLM and GLM helps participants gain more

accuracy in assessing themselves and their peers. Later the information of seeing both
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IdealGLM and GLM for participants in Envil will be illustrated as evidence to support the

helpfulness of providing participants the group learning performance.

6.3.3.3 The helpfulness of IdealGLM and GLM in Envil

This step is focusing on the matter seeing the GLM and IdealGLM and whether there is any
helpfulness in self-assessment, peer-assessment. Beginning with seeing IdealGLM in
6.3.3.3(a), the number of participants who required to see the IdealGLM is illustrated first,
followed by information of how well they think they and their peers are, in 6.3.3.3(b), and
finishing with the helpfulness of IdealGLM on self-assessment and peer-assessment in
6.3.3.3(c). Later in 6.3.3.3(d), the information of seeing GLM after performing each

question of the group-test is introduced in quite a similar aspect to IdealGLM.

6.3.3.3(a) Result of participants who asked to see ldeal GLM and GLM

Table 6.52 shows that there are 36 participants within this this learning environment, 2 of

which required not to see while the rest of 34 required to see the Ideal GLM.

Table 6.52. Number and percentage of participants who require to see the Ideal GLM

To see or Not to see the GLM count Percent
Not See IdealGLM 2 5.6%

See IdealGLM 34 94.4%

Total 36 100.0%

After seeing the IdealGLM, participants illustrate their opinions on self and peer
performance on number-conversion. The ranges of performance levels and definitions is
given first, followed by the number of cases that participants state on themselves and their
peers' performance and finishing with the mean level of both self-assessment and peer-
assessment.

Table 6.53. The ranges of performance level for seeing Ideal GLM

Range Definition

Between level 1.0 - 2.79 Not good at all at number-conversion

Between level 2.80 - 4.59 Rarely good at number-conversion

Between level 4.60 - 6.39 Fairly good at number-conversion

Between level 6.40 - 8.19 Good at number-conversion

Between level 8.20 - 10.00 | Very good at number-conversion
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According to Table 6.53, there are five ranges of performance level which are

defined as 'Not good at all’, 'Rarely good', 'Fairly good’, 'Good', and 'Very good'.

Table 6.54. Information of performance level on self-assessment and peer-assessment.

Not good at all Rarely Fairly good | Good | Very good
good
self-assessment 5.56% 11.11% 5.56% 38.89 38.89%
%
peer-assessment 5.56% 8.33% 11.11% 36.11 38.89%
%

For the information of how well participants think they are on the number-
conversion content, Table 6.54 shows that the majority of participants assess themselves as
"Very good', and 'Good' with the same amount (38.89%). This information is consistent with

peer-assessment which has the majority of participants assess their peers as 'Very good'
(38.89%) and 'Good' (36.11%).

6.3.3.3(b) Result of ‘how well participants think they and their friends are in

number-conversion’

Table 6.55. The ranges of Helpfulness level for seeing Ideal GLM

Range Definition
Between level 1.0 - 1.79 Not helpful at all
Between level 1.80 - 2.59 Slightly helpful
Between level 2.60 - 3.39 Fairly helpful
Between level 3.40 - 4.19 Much helpful
Between level 4.20 - 5.00 Very much helpful

From Table 6.55, there are five ranges which are used to classify helpfulness levels
after seeing the IdealGLM for self-assessment and peer-assessment. These ranges are
defined as 'Not helpful at all’, 'Slightly helpful’, 'Fairly helpful', '"Much helpful', and 'Very
much helpful'.

Table 6.56. Information of helpfulness levels on self-assessment and peer-assessment

Not helpful Slightly Fairly Much Very much
at all helpful helpful helpful helpful
self-assessment 1.1% 0.0% 5.56% 58.33% 25.00%

peer-assessment 5.56% 0.0% 8.33% 55.56% 30.56%
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As seen in Table 6.56, for the majority of participants the helpfulness of 'seeing
IdealGLM' is the same level as 'Much helpful' for both self-assessment and peer-
assessment. This confirms the satisfaction of seeing IdealGLM for the helpfulness of

assessing themselves and others.

6.3.3.3(c) Result of seeing the group learner model (GLM)

Table 6.57. Number and percentage of participants who require seeing the GLM

seeing and not | Usefulness of seeing

seeing GLM and not seeing GLM Question1 | Question2 | Question3 | Question4

Not See GLM Not useful 4 4 4 4
See GLM Useful 32 32 32 32
Total Total 36 36 36 36

As displayed in Table 6.57, there are 36 participants within this learning
environment, of which require not to see the GLM while the rest of the 32 participants
request to see all four questions. The 32 participants who require seeing the GLM state that

GLM is useful for them for doing a group-test.

Table 6.58. The ranges of helpfulness level for seeing GLM

Range Definition
Between level 1.0 - 2.79 Not helpful at all
Between level 2.80 - 4.59 Rarely helpful
Between level 4.60 - 6.39 Fairly helpful
Between level 6.40 - 8.19 Much helpful
Between level 8.20 - 10.00 Very much helpful

In Table 6.58, there are five ranges to classify levels of helpfulness from seeing the
GLM after finishing doing question 1 to 4 as a group. These ranges are defined as 'Not
helpful at all’, 'Slightly helpful’, 'Fairly helpful', '"Much helpful’, and "Very much helpful'.

Table 6.59. The ranges of helpfulness level for seeing GLM

Helpfulness of GLM Rarely Fairly Much Very much
on 4 questions helpful helpful helpful helpful
Question1 18.75% 6.25% 12.50% 62.50%
Question2 6.25% 12.50% 15.62% 65.63%
Question3 3.13% 15.62% 15.62% 65.63%
Question4 6.25% 9.38% 15.62% 68.75%
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For the information of helpfulness of seeing GLM for 4 question in Table 6.59, the
majority of participants go for 'Very much helpful’ for all four questions. Moreover the
percentage of participants who agree on this level of helpfulness is increased during

working on question! through question4.

After providing the evidence of seeing IdealGLM and seeing GLM, It can be
inferred that both help participants to assess themselves and others more accurately. What
will be considered next is the relationship between self-assessment and the improvement of

learning performance. Whether there is any significant correlation between these variables.

6.3.3.3(d) The relationship between self-assessment and the improvement of

learning performance

Referring to ZPD, this concept is about the potential performance of individual learners
who cannot do something on their own but can do it with others. This potential
performance can be changed to the actual performance if learners can prove that again they
can do it on their own. Nothing can guarantee the duration and process of changing
potential performance into actual performance. Therefore the improvement of performance
after the group-test can only be used to anticipate the post-test but cannot confirm the result

until the actual performance has taken place.

Table 6.60. The relationship between the improvement of concept-score comparing
the group-test to pre-test and post-test to pre-test. The number in the brackets () is the count.

the improvement of the improvement of concept-score comparing

Environment concept-score comparing pre-test to post-test
pre-test to group-test Improved |Meet-ceiling|Not Improved| Total
Not Improved 25(3))% S(S;/" 88;/° 3?131)%
improved G MO M
T I R N
Not Improved 4(118;/’ 0(8;A; 45;”’ 4;51?;%’
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The result in Table 6.60 shows that the majority of participants in both Envil and
Envi2 for the post-test are assigned as Improved’. Leading to the 'Improved’ of learning
performance in post-test, there are two types of learning performance in group-test which
are 'Improved’ and 'Not improved'. Even though the percentage of 'Improved’ for learning
performance is higher in Envi2 than Envil, it cannot judge the quality of 'Tmproved’ from
this provided information. This result here can only confirm that the percentage of

participants who are assigned as 'Improved' in post-test is higher in Envi2 than in Envil.

Regarding the ZPD concept (Vygotsky, 1978) in terms of what learners cannot do at
first on their own but can do later with others. This ZPD concept can be examined by
comparing pre-test and group-test results and focusing only on what is defined as
'Improved'. The results in Table 6.60 show that, for Envil, 44.4% of participants are defined
as 'Improved’, 16.7% are defined as 'Meet-ceiling’, and 38.9% are defined as 'Not
improved'. For Envi2, 54.2% of participants are defined as 'Improved’, and 45.8% are

defined as 'Not improved'.

Table 6.61. The relationship between the accuracy of self-assessment
and the improvement of concept-score for the group-test.

The comparison of average concept-score
Environment Self-assessment between pre-test and group-test
Improved | Meet-ceiling |Not Improved| Total
. 27.8% 0.0% 13.8%
Over-Estimated
(10) (9) (5)
Envi1 Precise-Estimated 2.8% 16.7% 5.6% 100%
(36) (1) (6) 2) (36)
. 11.1% 0.0% 22.2%
Under-Estimated
4) (0) (8)
. 33.3% 0.0% 20.8%
Over-Estimated
(8) (0) (5)
Envi2 . . 0.0% 0.0% 4.3% 100%
Precise-Estimated
(24) (0) (0) (1) (24)
. 20.8% 0.0% 20.8%
Under-Estimated
(5) ()] (5)

The result in Table 6.61 shows the majority of participants who are assigned the
learning performance as 'Improved’ in group-test in Envil are from 'Over-Estimated' group
of participants which is similar to the result of Envi2. The participants in Envil who are
assigned the learning performance as 'Meet-ceiling’, all of them are from the 'Precise-
Estimated' group of participants. For the 'Not improved of learning performance, the
majority of participants who are assigned in this group are from the 'Over-Estimated’ group

of participants both in Envil and in Envi2.
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Table 6.62. The relationship between the 'accuracy of self-assessment’ and the 'improvement
of concept-score’ for the individual post-test. The number in the brackets () is the count.

The comparison of average concept-score
Environment self-assessment between pre-test and post-test
Improved | Meet-ceiling |Not Improved| Total
. 36.1% 0.0% 5.6%
Over-Estimated
(13) (0) (2)
Envi1 Precise-Estimated 0.0% 19.4% 5.6% 100%
(36) (0 ) (2) (36)
. 27.8% 2.8% 2.8%
Under-Estimated
(10) (1) (1
. 54.1% 0.0% 0.0%
Over-Estimated
(13) (0) (0)
Envi2 . ) 4.2% 0.0% 4.2% 100%
Precise-Estimated
(24) (1) (0) (1) (24)
. 33.3% 0.0% 4.2%
Under-Estimated
(8) (0) ()

The result in Table 6.62 shows the majority of participants who are assigned the
learning performance as Tmproved’ in post-test in Envil are from 'Over-Estimated' group of
participants which is similar to the result of Envi2. The participants in Envil who are
assigned the learning performance as 'Meet-ceiling’ are all from the 'Precise-Estimated’
group of participants. For the 'Not improved' of learning performance, the majority of
participants who are assigned in this group are equally from both 'Over-Estimated’ and
'Precise-Estimated’ groups of participants in Envil. While in Envi2, the majority of
participants who are assigned in this group are equally from both 'Precise-Estimated’ and

'Under-Estimated' groups of participants

The similarity of the result for the improvement of learning performance in Table
6.61 and Table 6.62 is that the majority of participants in both Envil and Envi2 for group-
test and post-test are assigned as 'Improved'. Moreover the majority of participants who are
assigned the learning performance as 'Tmproved’ are from the 'Over-Estimated’ group of
participants. It can be inferred that participants who are 'Over-Estimated’, intend to improve

when doing a group-test and post-test.

6.3.3.4 Summary of Issue3: Effect of seeing and not seeing the learning
performance on self-peer-assessment comparing to self-peer-actual-

performance.

The result of self-assessment and self-actual-performance is compared in order to see how
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accurate participants assess themselves after they perform the individual task and see the
IdealGLM. The information in Table 6.46, 6.47, and 6.48 infer that participants in Envil
assess themselves more precisely than participants in Envi2. A further look into whether or
not there is a consistency between the accuracy of self-assessment and peer-assessment.
The information in Table 6.49, 6.50, and 6.51 infers that participants in Envil assess
performance of their peers more precisely than participants in Envi2. It can be confirmed
that seeing the learning performance as IdealGLM and GLM helps participants get more

accuracy to assess themselves and their peers.

In order to assure that the provided IdealGLM and GLM are helpful, the
questionnaires is provided to participants in Envil. Table 6.59 shows that the majority of
participants go for 'Very much helpful' for all four questions. Moreover the percentage of
participants who agree on this level of helpfulness is increased during working on

question] through question4.

Even though there is evidence showing that seeing IdealGLM and seeing GLM
help participants to assess themselves and their peers more accurately. However being
accurate in self-assessment or peer-assessments cannot guarantee the improvement of the
group-test and post-test. As stated in 6.3.3.4, the participants who have self 'Over-
Estimated', tend to improve when doing a group-test and post-test. Therefore what we
better look further into is the story during the group-test which allow participants to
exchange information via the provided chat-tool. To reveal this information, each

conversation that the participants composed is investigated.

6.3.4 Issue4: Communication during the group-test

Rather than using the group answer as the final result to judge learning performance, the
information of what participants communicate with peers will be considered respectively to
the group agreement, the similarity of the individual answers, the correctness of the

individual answer, and the knowledge contribution.
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6.3.4.1 The relationship between 'correctness of individual answers' vs.

'correctness of the group answer"'.

Table 6.63. The relationship between 'correctness of individual answers' vs. 'correctness
of the group result'. The number in the brackets () is the count.

) Correctness (C: Correct; Ic: Incorrect) of the group answer
Correctness (C: for Question 1-4
Environment Correct; Ic: Incorrect)

of at least one Question1 Question2 Question3 Question4

individual answer c Ic c Ic c Ic c Ic
c 77.8% | 11.1% | 94.4% | 0.0% | 72.2% | 0.0% | 88.9% | 0.0%

Envit (14) (2) (17) (0) (13) (0) (16) (0)
(18 pairs) o 0.0% |11.1% | 0.0% | 5.6% | 22.2% | 5.6% | 5.6% | 5.6%

(0) (2) (0) (1) 4) (1 (1 (1)
c 100% | 0.0% | 75% | 0.0% | 66.7% | 25% | 83.8% | 16.7%

Envi2 (12) (0) (9) (0) (8) (3) (10) (2)
(12 pairs) o 0.0% | 0.0% | 8.3% |16.7%| 0.0% | 8.3% | 0.0% | 0.0%

(0) (0) (1) (2) (0) (1 (0) (0)

Table 6.63 shows that the majority pairs of the participants who perform in the
group-test, have at least one individual answer which is correct before doing the test with
their peers. Moreover almost all of these pairs in Envil (77.8% from questionl, 94.4% from
question2, 72.2% from question3, and 88.9% from question4) and Envi2 (100.0% from
questionl, 75.0% from question2, 66.7% from question3, and 83.3% from question4)
perform the group-test correctly for all four questions. From the relationship between
correctness of individual answers and correctness of group answers, it can be concluded
that for both Envil and Envi2 if at least one member of the group has the correct individual

answers in the first place, they later tend to have the correct answer for the group-test.

6.3.4.2 The relationship between 'knowledge contribution’ vs. 'correctness of the

group answer'

Table 6.64 shows that the majority of the pairs of participants, who perform in the group-
test, do not contribute anything, but only state the group answer with a degree of
confidence during the group-test. Most of these pairs in Envil (61.1% from questionl,
72.2% from question2 and question3, and 94.4% from question4) and Envi2 (83.3% from
question]l and question2, and 75.0% from question4) still get the correct group answer even

though they do not exchange any knowledge concept at all.
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However referring to the result in Table 6.63, it can be concluded that participants
who do not contribute to others during the group-test but have the correct group answer

might have at least one correct individual answer before performing a group-test.

Table 6.64. The relationship between 'knowledge contribution’vs.
'correctness-of-the-group-answer'. The number in the brackets () is the count.

Correctness (C: Correct; Ic: Incorrect) of the group answer
knowledge -
o for Question 1-4
Environment contribution of the
group members on Question1 Question2 Question3 Question4
the group answer c Ic c Ic c e c Ic
. 16.7% | 16.7% | 22.2% | 0.0% | 5.6% | 5.6% | 0.0% | 5.6%
Contribute
Envit (3) (3) (4) (0) (1 (1) (0) (1)
(18 pairs) 61.1% | 5.6% | 72.2% | 5.6% |72.2%  16.7% | 94.4% | 0.0%
Not Contribute . p ; ’ . ) . p
(11) (1) (13) (1) (13) | 3) | (17) (0)
Contribute 16.7% | 0.0% | 0.0% | 8.3% |41.7%|16.7% | 8.3% | 0.0%
Envi2 (2) (0) (0) (1) (5) (2) (1) (0)
(12 pairs) Not Contribute 83.8% | 0.0% | 83.8% | 8.3% |33.3%|33.3% | 75% |16.7%
(10) 0) | (10) (1) (4) (4) (9) (2)

6.3.4.3 The relationship between 'similarity of individual answers' vs.
'knowledge contribution'

Table 6.65 shows that the majority pairs of participants, who perform in the group-test,
have similar individual answers before doing the test with peers. Moreover almost all of
these pairs of participants in Envil (55.6% from questionl, 72.2% from question2, 77.8%
from question3, and 83.3% from question4) and Envi2 (67.7% from questionl, 75.0% from
question2, 50.0% from question3, and 66.7% from question4) do not contribute any

knowledge but only express to confirm their group answer and degree of confidence.

Table 6.65. The relationship between 'similarity of individual answers'vs.
'knowledge contribution'. The number in the brackets() is the count.

knowledge contribution(Yes: Contribute; No: Not Contribute) of the
Similarity of group members on the group answer for Question 1-4
Environment individual . . . .
answers Question1 Question2 Question3 Question4

Yes No Yes No Yes No Yes No
Same 22.2% | 55.6% | 16.7% | 72.2% | 11.1% | 77.8% | 5.6% | 83.3%

Envit (4) (10) (3) (13) (2) (14) (1) (15)
(18 pairs) Difference | 11:1% | 11.1% | 11.1% | 0.0% | 0.0% | 11.1% | 0.0% | 11.1%

(2) (2) (2) (0) (0) (2) (0) (2)
Same 8.3% | 66.7% | 8.3% 75% | 8.3% | 50% | 0.0% | 66.7%

Envi2 Q) (8) (1) (9) (1) (6) (0) (8)
(12 pairs) Difference | 8:3% | 16.7% | 0.0% |16.7% | 41.7% | 0.0% | 8.3% | 25%

(1 () (0) (2) () (0) (1) (3)
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A minority of the pairs of participants keep contributing some information during
the group-test no matter what the similarity of the individual answers of group members
are. From the relationship between similarity of individual answer and knowledge
contribution, it can be concluded that 'for both Envil and Envi2 if members of the group
have the same individual answers in the first place, they tend not to contribute any

knowledge to others in the group-test'.

6.3.4.4 The relationship between 'similarity of individual answers' vs.

'agreement on the group answer'

Table 6.66. The relationship between 'similarity of individual answers' vs.
'agreement on the group answer'. The number in the brackets () is the count.

Agreement (A: Agree; D: Disagree) of the group members on the

Similarity of group answer for Question 1-4
Environment lgg;vﬁurzl Question1 Question2 Question3 Question4
A D A D A D A D
Same 77.8% | 0.0% | 83.3% | 5.6% | 88.9% | 0.0% | 88.9% | 0.0%
Envit (14) (0) (15) (1) (16) (0) (16) (0)
(18 pairs) Difference 16.7% | 5.6% | 11.1% | 0.0% | 11.1% | 0.0% | 11.1% | 0.0%

®) Q) ) (0) ) © | @ | ©
Same 66.7% | 8.3% | 83.8%  0.0% | 58.3% | 0.0% | 66.7% | 0.0%
Envi2 (®) (1 | (o) | (0) Y] © | @ |

(12 pairs) Di 25% | 0.0% | 16.7% | 0.0% | 41.7% | 0.0% | 33.3% | 0.0%
ifference
(3) (0) (2) (0) (%) (0) (4) (0)

Table 6.66 shows that the majority of pairs of participants, who perform in the
group-test, have similar individual answers before doing the test with peers. Moreover
almost all of these pairs of participants in Envil (77.8% from questionl, 83.3% from
question2, 88.9% from question3 and question4) and participants in Envi2 (66.7% from
questionl and question 4, 58.3% from question2 and 66.7% from question3) — agree on
these individual answers as a group answer for all 4 questions. It can be concluded that for
both Envil and Envi2 that if members of the group have the same individual answers, later

they tend to agree on the group answer.
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6.3.4.5 The relationship between 'number of all contributed concepts' vs.

'number of correct concepts' for Questionl — Question4

During each question in the group-test, participants are allowed to communicate with peers
via the chat-tool. Each sentence sent via this chat-tool will be investigated and classified as
correct and incorrect. The result of correctness of each learning concept will be count and
kept in the system. In 6.3.4.5(a) to 6.3.4.5(d), the relationship between number of all
contributed concepts vs. number of correct concepts for Questionl to Question4d will be

explained.

6.3.4.5(a) The relationship between 'mumber of all contributed concepts'vs. number

of correct concepts' for Questionl

Table 6.67. The relationship between 'number of all contributed concepts' vs.
'number of correct concepts' for Questionl. The number in the brackets () is the count.

) No. of Concepts that No. of Correct Concepts
Environment L .
participants contribute 0 1 5 ‘ 3 ‘ 4
1 5.6% 61.1% 0.0% 0.0% 0.0%
(1) (11) 0) (0) (0)
3 5.6% 5.6% 5.6% 0.0% 0.0%
Envit (1) (1) (1) (0) (0)
(18 pairs) 4 0.0% | 0.0% 0.0% | 56% | 0.0%
) (0) 0) (1) (0)
5 5.6% 0.0% 0.0% 0.0% 5.6%
(1) (0) (0) (0) (1)
1 0.0% 91.7% 0.0% 0.0% 0.0%
Envi2 (0) (11) (0) (0) (0)
(12 pairs) 3 0.0% | 0.0% 83% | 0.0% | 0.0%
() (0) (1) (0) (0)

Table 6.67 shows that for Quesitonl, the majority of the groups in both Envil/ and
Envi2 contribute only one concept and that contributed concept is correct. Focusing
separately on the aspect of the number of all contributed concepts, Figure 6.3 shows that
the groups in both Envil and Envi2 mostly contribute only one learning concept. Later
considering the aspect of the number of correct concepts, Figure 6.2 shows that the groups

in both Envil and Envi2 mostly contribute one correct concept.
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Figure 6.2. The detail of 'number of concepts'
that participants in Envil/ and Envi2 contribute
correctly for Questionl

Figure 6.3. The detail of 'number of all concepts'
that participants in Envil and Envi2 contribute
for Questionl

6.3.4.5(b) The relationship between 'number of all contributed concepts' vs. 'number

of correct concepts' for Question?2

Table 6.68. The relationship between 'Number of all contributed concepts' vs. 'number of correct
concepts' for Question2. The number in the brackets () is the count.

No. of Concepts that No. of Correct Concepts
Environment L .
participants contribute 0 1
1 5.6% 88.9%
Envi1 (1) (16)
(18 pairs) 9 5.6% 0.0%
(1) (0)
1 8.3% 83.8%
Envi2 (1) (10)
(12 pairs) 5 8.3% 0.0%
(1) (0)

Table 6.68 shows that for Quesion2, the majority of the groups in both Envil and

Envi2 contribute only one concept and that contributed concept is correct. Focusing

separately on the aspect of the number of all contributed concepts, Figure 6.5 shows that

the groups in both Envil and Envi2 mostly

contribute only one learning concept. Later

considering the aspect of the number of correct concepts, Figure 6.4 shows that the groups

in both Envil and Envi2 mostly contribute one correct concept.
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Figure 6.4. The detail of 'number of concepts'
that participants in Envil/ and Envi2 contribute
correctly for Question2

Figure 6.5. The detail of 'mumber of all
concepts' that participants in Envil and Envi2
contribute for Question2

6.3.4.5(c) The relationship between 'number of all contributed concepts' vs. 'number

of correct concepts' for Question3

Table 6.69. The relationship between 'number of all contributed concepts' vs.

'number of correct concepts' for Question3.

The number in the brackets () is the count.

Environment No. of Concepts that No. of Correct Concepts
participants contribute 0 1 2 3 5
1 22.2% | 66.7% | 0.0% 0.0% 0.0%
(4) (12) (0) (0) (0)
Envi1 4 0.0% 0.0% 0.0% 5.6% 0.0%
(18 pairs) (0) (0) (9) (1) (9)
5 0.0% 0.0% 0.0% 5.6% 0.0%
(0) (0) (0) (1) (0)
1 8.3% 58.3% | 0.0% 0.0% 0.0%
(1) (7) (0) (0) (0)
3 8.3% 0.0% 0.0% 0.0% 0.0%
(1) (0) (0) (0) (0)
Envi2 4 0.0% 0.0% 8.3% 0.0% 0.0%
(12 pairs) (0) (0) (1) (0) (0)
5 0.0% 0.0% 0.0% 8.3% 0.0%
(0) (0) (0) (1) (0)
6 0.0% 0.0% 0.0% 0.0% 8.3%
(0) (0) (0) (0) (1

Table 6.69 shows that for Quesion3, the majority of the groups in both Envil

(66.7%) and Envi2 (58.3%) contribute only

one concept and that contributed concept is

correct. Focusing separately on the aspect of the number of all contributed concepts, Figure

6.7 shows that the groups in both Envil and Envi2 mostly contribute only one learning

concept. Later considering the aspect of the number of correct concepts, Figure 6.6 shows

that the groups in both Envil and Envi2 mostly contribute one correct concept.
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Question3: Correct concepts

Question3: All contributed concepts
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Figure 6.6. The detail of 'number of concepts' Figure 6.7. The detail of 'mumber of all

concepts' that participants in Envil and Envi2
contribute for Question3

6.3.4.5(d) The relationship between number of all contributed concepts' vs. 'number

of correct concepts' for Question4

Table 6.70. The relationship between number of all contributed concepts' vs. 'number of correct
concepts' for Question4. The number in the brackets () is the count.

No. of Concepts that No. of Correct Concepts
Environment L .
participants contribute 0 1 3 5
1 0.0% | 94.4% 0.0% 0.0%
Envit (0) (17) (0) (0)
(18 pairs) 6 0.0% | 0.0% 5.6% 0.0%
(0) (0) (1) (0)
1 16.7% 75% 0.0% 0.0%
Envi2 @) ) 0) )
(12 pairs) 6 0.0% | 0.0% 0.0% 8.3%
(0) (0) (0) (1)

Table 6.70 shows that for Quesion4, the majority of the groups in both

Envil(94.4%) and Envi2 (75.0%) contribute only one concept and that contributed concept

is correct. Focusing separately on the aspect of the number of all contributed concepts,

Figure 6.9 shows that the groups in both Envil and Envi2 mostly contribute only one

learning concept. Later considering the aspect of the number of correct concepts, Figure 6.8

shows that the groups in both Envil and Envi2 mostly contribute one correct concept.
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Question4: Correct concepts

Question4: All contributed concepts
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concepts' that participants in Envil and Envi2
contribute for Question4

6.3.4.6 The relationship between the ‘correctness of an individual answer’, the

'group agreement’ and the 'improvement of the group result'.

Considering number of all contributed concepts in Table 6.67-6.70, there are 21 cases from

four questions that participants contribute more than two learning concepts during the

group-test.

Table 6.71. The further detail of the group number and question number from The relationship
between the individual answers, the group agreement and the improved of the group result.

The correctness of Group The Improvement of the group resulit
individual answers agreement Decreased NoChange Increased
Agree * B5(g2), B6(q1),
Both answers are g D1(a3) 52((?11))_ D2((?43)) -
correct and so does the
group result Disagree B1(q4), C1(a2), 3
D2(q1)
Agree B1(q1), B1(q2),
Both answers are - B1(qg3), C1(q1), -
incorrect and the group F3(q2), C4(g3)
result is incorrect
Disagree - C4(q1) -
One answer is correct Agree , E3(q3) C3(q1), F3(q4),
but one is not and F4(q1), F4(a3)
group result is correct Disagree - - C3(g3)
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Table 6.71 shows that one case is defined as 'Decreased’, five cases are defined as
'Increased’ and the rest (fifteen cases) are defined as 'NoChange'. Considering the group
result in respect to the correction of individual answer, there are 8 cases that fit in the
situation of Both individual and group answers are correct, one of which is classified as
'Decreased’ while the seven cases are classified as 'NoChange'. In situations of Both
individual are incorrect and so is the group answer, all of the seven cases are classified as
'NoChange'. In the last situation which is 'one individual answer is correct but one is not
and group result is correct', there is one case classified as 'NoChange' and the rest of the

cases (five cases) are classified as 'ncreased’.

Rather than giving only just the number of cases of The improvement of group
result, Table 6.72 provides further detail of what is exchanged and contributed during the
group-test. (The details of each conversation can be found in Appendix E by using the name

of each case.)

Table 6.72. The look-up table for more detail of conversation for each group on each question

No. | Abbreviation Look up detail in No. | Abbreviation Look up for detail in
1 B1(q1) Group B1: Question1 12 C4(q1) Group C4: Question1
2 B1(q2) Group B1: Question2 13 C4(g3) Group C4: Question3
3 B1(q3) Group B1: Question3 14 D1(g3) Group D1: Question3
4 B1(g4) Group B1: Question4 15 D2(q3) Group D2: Question3
o) B2(q1) Group B2: Question1 16 D2(q1) Group D2: Question1
6 B5(g2) Group B5: Question2 17 E3(g3) Group E3: Question3
7 B6(q1) Group B6: Question1 18 F3(g2) Group E3: Question2
8 C1(q1) Group C1: Question1 19 F3(q4) Group E2: Question4
9 C1(q2) Group C1: Question2 20 F4(q1) Group E3: Question1
10 C3(q1) Group C3: Question1 21 F4(g3) Group E2: Question3
11 C3(g3) Group C3: Question3

6.3.4.7 Summary of Issue 4 :Communication during the group-test

During the group-test, is there any effect of social interaction on the improvement of
learning performance? According to Table 6.63, it could be implied that if at least one
member of the group had the correct individual answers in the first place, later they tended
to have the correct answer for the group-test. Moreover the members tend not to contribute
any knowledge and directly agree on the group answer if they both have the same
individual answer in the first place (See Table 6.64, 6.65 and 6.66) and thought that it is

correct.
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Applying this group-test to 30 pairs of participants in Enviland Envi2, forming 120
cases of conversion overall, there are 21 cases within the group of participants that
contribute knowledge more than they confirm their answers. The number of what
participants contribute somehow cannot guarantee the correctness of the group answer
because some of what they contribute are defined as correct concepts and some are not (See
Table 6.67-6.71 and Figure 6.2-6.9). Further information of these 21 cases can be seen in
Table 6.72 and Appendix E.

6.3.5 IssueS: The opinions of using each particular system

In this issue, the opinions of participants on using the provided learning environment. Will
be presented. Participants are considered in aspects of Performance assessment, User
Interface, Content of the test and the Interaction design. The nineteen questionnaire items

are classified respectively to these four aspects.

The questionnaire items in 6.3.5.1-6.3.5.6 represent the opinions respectively to
performance assessment, the items in 6.3.5.7-6.3.5.11 represent the opinions respectively to
user interface, the items in 6.3.5.12-6.3.5.14 represent the opinions respectively to content
of the test, and the items in 6.3.5.15-6.3.5.19 represent the opinions respectively to

interaction design.

Table 6.73. Levels of questionnaire items and related definitions

Level Definition1 Definition2 Definition3
1 Not good at all Not at all Mostly disagree
2 Rarely good Slightly Sometimes disagree
3 Fairly good Fairly Often agree
4 Good Much Mostly agree
5 Very good Very much Absolutely agree

Table 6.73 shows that there are three definitions applied for five levels of
questionnaire items. The definition] is applied in questionnaire items of 6.3.5.1 and 6.3.5.2.
The definition2 is applied for questionnaire items of 6.3.5.3-6.3.5.7, and the definition3 is
applied for questionnaire items of 6.3.5.8-6.3.5.19.
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6.3.5.1 How participants thought about 'How well they are doing a number-

conversion individually?"’

For the opinion of participants on how well they get use to the User Interface after using
once, Table 6.72 shows that the majority of participants in Envil go for 'Good' (47.2%)
while Envi2 go for 'Fairly good' (54.2%). Moreover there is slightly higher occurrence of
"Very good' and 'Good' with the participants in Envil when compared to Envi2.

Table 6.74. The opinion of participants on
'How well they are doing number-conversion’individually.

i How well you are doing a ‘number-conversion’
Environment -
Rarely good Fairly good Good Very good
Envit1 11.1% 47.2% 30.6% 11.1%
Envi2 12.5% 41.7% 41.7% 4.2%

Table 6.74 shows that the majority of participants in Envil think that they are
'Fairly good' in number-conversion while the majority of participants in Envi2 think that
they are 'Fairly good' and 'Good' for the same amount. Considering to the ratio of
participants who go for '‘Good" and 'Very good’ only the ratio of 'Very good' has percentages

of participants in Envil that are 3 times higher than in Envi2.
6.3.5.2 How participants thought about 'How well they get use to this interface
after using once?'

Table 6.75. The opinion of participants on
'How well they get use to this interface after using once'

. How well participants get use to the User Interface after using once
Environment -
Rarely good Fairly good Good Very good
Envi1 5.6% 44.4% 47.2% 2.8%
Envi2 0.0% 54.2% 45.8% 0.0%

For the opinion of participants on how well they get use to the User Interface after
using once, Table 6.75 shows that the majority of participants in Envil/ go for 'Good'
(47.2%) while Envi2 go for 'Fairly good' (54.2%). Moreover there is slightly higher
occurrence of 'Very good' and 'Good’ among the participants in Envil when compared to

Envi2.
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6.3.5.3 How participants thought about 'How much knowledge they contribute
to their own peer?'

Table 6.76. The opinion of participants on
'How much knowledge they contribute to their own peer'

. How much knowledge participants think they contribute to their own peers.
Environment - -
Slightly Fairly much Much Very much
Envit 2.8% 44.4% 44.4% 8.3%
Envi2 8.3% 66.7% 20.8% 4.2%

For the opinion of participants on 'How much knowledge they contribute to their
own peer’, Table 6.76 shows that the majority of the participants in Envi/ go for both
'Fairly much' and 'Much' for the same amount (44.4%) while Envi2 go for 'Fairly much’
(66.7%). Moreover there is about a two times higher occurrence both 'Very much’ and

'Much' among participants in £nvil when compared to Envi?.

6.3.5.4 How participants thought about 'How much knowledge their peers
contributed?'

Table 6.77. The opinion of participants on
'How much knowledge their peers contributed'

. How much knowledge participants think their peers contributed?
Environment ; .
Slightly Fairly much Much Very much
Envi1 2.8% 44.4% 36.1% 16.7%
Envi2 12.5% 45.8% 37.5% 4.2%

For the opinion of participants on 'How much knowledge their peers contributed',

Table 6.77 shows that the majority of participants in both Envil (44.4%) and Envi2 (45.8%)
go for 'Fairly much'. However there is about a four times higher occurrence of 'Very much’

among participants in Envil/ when compared to Envi2.

6.3.5.5 How participants thought about 'How interesting is number-conversion
content?’

Table 6.78. The opinion of participants on
'How interesting is number-conversion content'.

) How interesting is ‘number-conversion’ content?
Environment - :
Slightly Fairly much Much Very much
Envi1 0.0% 36.1% 50.0% 13.9%
Envi2 8.3% 45.8% 41.7% 4.2%
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For the opinion of participants on 'How much interesting is number-conversion

content', Table 6.78 shows that the majority of participants in Envil go for 'Much’ (50.0%)

while Envi2 go for 'Fairly much' (41.7%). Moreover there is 7.7% higher occurrence of

"Very much' and 8.3% higher occurrence of 'Much’ when compared Envil to Envi2.

6.3.5.6 How participants thought about 'How much they improved after using

this system?'

Table 6.79. The opinion of participants on

'How much they improved after using this system'

) How much participants think they improved after using this system?
Environment - -
Slightly Fairly much Much Very much
Envi1 5.6% 36.1% 41.7% 16.7%
Envi2 4.2% 58.3% 37.5% 0.0%

For the opinion of participants on how much they improved after using this system,

Table 6.79 shows that the majority of participants in Envil go for 'Much' (41.7%) while

Envi2 go for 'Fairly much' (58.3%). Moreover there is 16.7% higher occurrence of 'Very

much' and 4.2% higher occurrence of 'Much' when compare Envil to Envi2.

6.3.5.7 How participants agree on the statement of 'The User Interface is easy

to use?'

Table 6.80. Agreement of participants on 'The user interface is easy to use'

Environment

The User Interface is easy to use

Sometimes disagree| Often agree Mostly agree Absolutely agree
Envi1 8.3% 33.3% 36.1% 22.2%
Envi2 8.3% 29.2% 54.2% 8.3%

For the agreement of participants on the statement of 'The user interface is easy to

use', Table 6.80 shows that the majority of participants in both Envil (36.1%) and Envi2

54.2%) go for 'Mostly agree'. However when considering 'dbsolutely agree', Envil is
g Yy ag g

higher than Envi2 at 13.9% even though in 'Mostly agree’, Envi2 is higher than Envil at

18.1%.
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6.3.5.8 How participants agree on the statement of 'The graphics and text are

used in the right amount?'

Table 6.81. Agreement of participants on
"The graphics and text are used in the right amount'

The graphics and text are in the right amount
Environment Sometimes
disagree Often agree Mostly agree |Absolutely agree
Envit 0.0% 36.1% 44.4% 19.4%
Envi2 4.2% 29.2% 54.2% 12.5%

For the agreement of participants on the statement of 'The graphics and text are in
the right amount', Table 6.81 shows that the majority of participants in both Envil (44.4%)
and Envi2 (54.2%) go for 'Mostly agree'. However with considering 'Absolutely agree’,
Envil is higher than Envi2 at 6.9% and for 'Mostly agree’, Envi2 is higher than Envil at
9.8%.

6.3.5.9 How participants agree on the statement of 'The size of the graphical

and text is suitable?'

Table 6.82. Agreement of participants on
"The size of the graphical and text is suitable'

The size of the graphical and text is suitable
Environment i
Sgirgaeélgzs Often agree Mostly agree | Absolutely agree
Envit1 0.0% 30.6% 44.4% 25.0%
Envi2 4.2% 41.7% 45.8% 8.3%

For the agreement of participants on the statement that 'The size of the graphical
and text is suitable', Table 6.82 shows that the majority of participants in both Envil
(44.4%) and Envi2 (45.8%) go for 'Mostly agree’. However with considering 'Absolutely
agree', Envil is higher than Envi2 at 16.7% even though when considering 'Mostly agree’,
Envi2 is higher than Envil at 1.4%.
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6.3.5.10 How participants agree on 'Follow the system control, participants

easily knows what to do next?’

Table 6.83. Agreement of participants on
'Follow the system control, participants easily knows what to do next'.

Follow the system control, participants easily know what to do next
Environment Sometimes
disagree Often agree Mostly agree | Absolutely agree
Envit 2.8% 44.4% 38.9% 13.9%
Envi2 8.3% 66.7% 20.8% 4.2%

For the agreement of participants on the statement that 'Follow the system control,
participants easily know what to do next', Table 6.83 shows that the majority of participants
in both Envil (44.4%) and Envi2 (66.7%) go for 'Often agree'. However there is 9.7%
higher occurrence of ‘dbsolutely agree’ and 1.4% higher occurrence of 'Mostly agree’ when

comparing Envil to Envi2.
6.3.5.11 How participants agree on 'The colours applied in the user interface is
suitable to participants?’

Table 6.84. Agreement of participants on
'The colours applied in the user interface is suitable to participants'

The colours applied in the user interface is suitable to participants
Environment Sometimes
disagree Often agree | Mostly agree |Absolutely agree
Envit 2.8% 27.8% 47.2% 22.2%
Envi2 0.0% 54.2% 33.3% 12.5%

For the agreement of participants on the statement that 'The colours applied in the
user interface is suitable to participants', Table 6.84 shows that the majority of participants
in Envil go for 'Mostly agree' (47.2%) while Envi2 go for 'Often agree' (54.2%). Moreover
there is 9.7% higher occurrence of 'Adbsolutely agree’ and 13.9% higher occurrence of

'Mostly agree’' when comparing Envil to Envi2.
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6.3.5.12 How participants agree on the statement 'The content of questions is

suitable for participants?’

Table 6.85. Agreement of participants on
'"The content of questions are suitable for participants'

The content of questions are suitable for participants
Environment Sometimes
disagree Often agree Mostly agree | Absolutely agree
Envit1 0.0% 30.6% 33.3% 36.1%
Envi2 8.3% 29.2% 50.0% 12.5%

For the agreement of participants on the statement that 'The content of questions are
suitable for participants', Table 6.85 shows that the majority of participants in Envil go for
'Absolutely agree' (36.1%) while Envi2 go for 'Mostly agree' (50.0%). Moreover when
considering ‘dbsolutely agree', Envil is higher than Envi2 at 13.6% even though for 'Mostly
agree' Envi2 is higher than Envil at 16.7%.

6.3.5.13 How participants agree on the statement of 'The question detail has a

clear explanation?'

Table 6.86. Agreement of participants on
'The question detail has a clear explanation'

. The question detail has a clear explanation
Environment
Often agree Mostly agree Absolutely agree
Envi1 33.3% 47.2% 19.4%
Envi2 62.5% 25.0% 12.5%

For the agreement of participants on the statement 'The question detail has a clear
explanation', Table 6.86 shows that the majority of participants in Envil go for 'Mostly
agree' (47.2%) while Envi2 go for 'Often agree' (54.2%). Moreover there is 6.9% higher
occurrence of 'Absolutely agree’ and 22.2% higher occurrence of 'Mostly agree’ when

comparing Envil to Envi2.
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6.3.5.14 How participants agree on the statement of 'The difficulty level of the

test suitable for participants' peers?’

Table 6.87. Agreement of participants on
'The difficulty level of the test suitable for participants' peers'

The difficulty level of the test suitable for participants' peers
Environment Sometimes
disagree Often agree Mostly agree | Absolutely agree
Envit1 0.0% 38.9% 41.7% 19.4%
Envi2 4.2% 62.5% 33.3% 0.0%

For the agreement of participants on the statement "The difficulty level of the test
suitable for participants' peers', Table 6.87 shows that the majority of participants in Envil
go for 'Mostly agree' (41.7%) while Envi2 go for 'Often agree' (62.5%). Moreover there is
19.4% higher occurrence of ‘dbsolutely agree’ and 8.4% higher occurrence of 'Mostly

agree' when comparing Envil to Envi2.

6.3.5.15 How participants agree on the statement of 'Participants can

exchange what they believes with their peers?’

Table 6.88. Agreement of participants on
'Participants can exchange what they beliefs with their peers'

Participants can exchange what they beliefs with their peers
Environment i
Sg.metlmes Often agree Mostly agree | Absolutely agree
isagree
Envit1 0.0% 33.3% 30.6% 36.1%
Envi2 4.2% 37.5% 45.8% 12.5%

For the agreement of participants on the statement 'Participants can exchange what
they beliefs with their peers', Table 6.88 shows that the majority of participants in Envil go
for 'Absolutely agree' (36.1%) while Envi2 go for 'Mostly agree' (45.8%). Moreover with
considering ‘dbsolutely agree’, Envil is higher than Envi2 at 23.6% even though in the

occurrence of 'Mostly agree’ within Envi2 is higher than Envil at 15.2%.



Chapter 6: Testing Results and Analysis of Data 168

6.3.5.16 How participants agree on the statement of 'Provided utterances and

sentence openers are easy to use?'

Table 6.89. Agreement of participants on
'"Provided utterances and sentence openers are easy to use'.

The provided utterances and sentence openers are easy to use
Environment Sometimes
disagree Often agree Mostly agree | Absolutely agree
Envit1 2.8% 33.3% 36.1% 27.8%
Envi2 4.2% 58.3% 25.0% 12.5%

For the agreement of participants on the statement 'The provided utterances and
sentence openers are easy to use', Table 6.89 shows that the majority of participants in
Envil go for 'Mostly agree' (36.1%) while Envi2 go for 'Often agree' (58.3%). Moreover
there is 15.3% higher occurrence of ‘Absolutely agree’ and 11.1% higher occurrence of

'"Mostly agree’ when comparing Envil to Envi2.

6.3.5.17 How participants agree on the statement of 'Participants improve

knowledge from what they exchanged in peer via the provided chat-tool?'

Table 6.90. Agreement of participants on 'Participants improve knowledge from
what they exchanged in peer via the provided chat-tool.’

Participants improve knowledge from

Environment what they exchanged in peer via the provided chat-tool.

Often agree

Mostly agree

Absolutely agree

Envi1

33.3%

36.1%

30.6%

Envi2

58.3%

29.2%

12.5%

For the agreement of participants on the statement 'Participants improve knowledge
from what they exchanged in peer via the provided chat-tool', Table 6.90 shows that the
majority of participants in Envil go for 'Mostly agree' (36.1%) while Envi2 go for 'Often
agree' (58.3%). Moreover there is 18.1% higher occurrence of 'Absolutely agree' and 6.9%

higher occurrence of 'Mostly agree’ when comparing Envil to Envi2.
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6.3.5.18 How participants agree on the statement of 'The turn given by the

system is suitable to the need of participants?’

Table 6.91. Agreement of participants on
'The turn given by the system is suitable to the need of participants'.

The turn given by the system is suitable to the need of participants
Environment Sometimes
disagree Often agree Mostly agree |Absolutely agree
Envit1 2.8% 36.1% 38.9% 22.2%
Envi2 0.0% 66.7% 29.2% 4.2%

For the agreement of participants on the statement 'The turn given by the system is
suitable to the need of participants', Table 6.91 shows that the majority of participants in
Envil go for 'Mostly agree' (38.9%) while Envi2 go for 'Often agree' (66.7%). Moreover
there is 18.0% higher occurrence of 'dbsolutely agree' and 9.7% higher occurrence of

'"Mostly agree’ when comparing Envil to Envi2.

6.3.5.19 How participants agree on the statement of 'Exchange beliefs with
others help them to get higher degree of confidence on learning in number-
conversion content?'

Table 6.92. Agreement of participants on 'Exchange beliefs with others help then to get
higher degree of confidence on learning in number-conversion content'.

Exchange beliefs with others help participants to get higher

Environment degree of confidence on learning in number-conversion content

Often agree

Mostly agree

Absolutely agree

Envit1

33.3%

41.7%

25.0%

Envi2

58.3%

25.0%

16.7%

For the agreement of participants on the statement 'Exchange beliefs with others
help then to get higher degree of confidence on learning in number-conversion content',
Table 6.92 shows that the majority of participants in Envil go for 'Mostly agree’ (41.7%)
while Envi2 go for 'Often agree’ (58.3%). Moreover there is 8.3% higher occurrence of
'Absolutely agree’ and 16.7% higher occurrence of 'Mostly agree’ when comparing Envil to

Envi2.
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6.3.5.20 Summary of IssueS: The opinions of using each particular system

The opinion of using each particular learning environment — Envil/ and Envi2, can be
categorized into two groups. The first group of questionnaire items is the group that
participants from both Envil and Envi2 have the same level of voting result. These
questionnaire items consist of item numbers 1, 4, and 7 which are voted for level '3' while

item numbers 8, 9, and 10 are voted for level '4'.

The second group of questionnaire items is the group that participants from Envil
have higher level of voting result than Envi2. This group consist of item numbers 2, 3, 5, 6,
11, 13, 14, 16, 17, 18, and 19 which the majority of participants in Envil vote for level '4'
while Envi2 vote for level '3', and item numbers 12 and 15 which the majority of

participants in Envil vote for level 'S' while Envi2 vote for level '4'.

Table 6.93. Mean values of voting level for 19 questionnaire items of using Envil and Envi2.

Item Questionnaire details Envit Envi2 Megn Diﬁ.
No. (Mean) (Mean) | (Envi1-Envi2)
1 How well they are doing a ‘number-conversion’ individually? 3.42 3.38 0.04
2 How well they get use to this interface after using once 3.47 3.46 0.01
3 How much knowledge they contribute to their own peer? 3.58 3.21 0.37
4 How much knowledge their peers contributed? 3.67 3.33 0.34
5 How interesting is ‘number-conversion’ content 3.78 3.42 0.36
6 How much they improved after using this system? 3.70 3.33 0.37
7 The User Interface is easy to use 3.72 3.63 0.09
8 The graphics and text are used in the right amount 3.83 3.75 0.08
9 The size of the graphical and text is suitable 3.94 3.58 0.36
10 | Follow the system control, participants easily know what to do next 3.64 3.21 0.43
11 The colours applied in the user interface is suitable to participants 3.89 3.58 0.31
12 | The content of questions are suitable for participants 4.06 3.67 0.39
13 | The question detail has a clear explanation 3.86 3.50 0.36
14 | The difficulty level of the test suitable for participants' peers 3.81 3.29 0.52
15 | Participants can exchange what they beliefs with their peers 4.03 3.67 0.36
16 | Provided utterances and sentence openers are easy to use 3.89 3.46 0.43
17 \F/’izrtfépsgsiérggrgg:tzggyvledge from what they exchanged in peer 3.97 354 043
18 | The turn given by the system is suitable to the need of participants' 3.81 3.38 0.43
1o | Exchange beles i abers o hem o geigher eoreeof | gg | ase | o
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To make the comparison between opinions of using Envil and Envi2, the average
value of level that is calculated from the data in Table 6.74-6.92 is represented as Table
6.93. The information of Table 6.93 shows that the difference between the mean values of
voting levels varies between the range of 0.01 and 0.52. It can be implied that learning in
Envil where participants are able to see group learner model as IdealGLM and GLM,
participants are satisfied with and benefit from learning in the particular learning

environment compared to the participants in Envi2.

6.4 Summary

The focus of this chapter is to test whether learners can benefit from learning in a
collaborative learning environment where learners are able to know how well the group
performs by seeing IdealGLM and GLM. What we really want to know from doing this
research is about the comparison between individual and collaborative learning, and the
comparison between two collaborative learning environments which focus on seeing and

not seeing the IdealGLM and GLM.

In the condition of seeing and not seeing IdealGLM and GLM in the computer-
based collaborative learning environment, is there any significant difference between
concept-score between groups of participants in Envil and Envi2? The results of the
comparison between two collaborative learning environments show that participants
benefits from learning in Envil/ more than Envi2. This can be confirmed by the mean
difference of learning score which shows that participants in Envil have a higher score than
participants in Envi2 (See Table 6.13, 6.15 and 6.17). Together with the confirmation in
Table 6.30-6.41 which shows that participants in Envil still get a higher concept-score of
post-test and group-test higher than participants in Envi2.

Moreover for the matter of assessment ability, the results show that there is a strong
correlation between self-assessment and self-actual-performance, and between peer-
assessment and peer-actual-performance only for participants in Envil but not for Envi2
(See Table 6.46-6.51). Together with slightly higher level of vote (Envil > Envi2) for all 19
questionnaire items (See Table 6.74-6.93), and the majority of votes from participants on

the 'helpfulness' of seeing IdealGLM and GLM which confirms the satisfaction of using
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Envil (See Table 6.52-6.59). It can be implied that the learning process of Envil, which is
different from Envi2 only in the ability of learners to see IdealGLM and GLM, has an

impact on learning which of them achieve higher post-test concept-scores.

In the computer-based collaborative learning environment, whether or not learners
can perform better than learning individually in a non computer-based learning
environment? In the view point of 'non-computer-based individual learning vs. computer-
based collaborative learning', the result from the 30 items post-test shows that the
participants in Envil get a higher score than in Envi3 with significant difference under the
5% level. Even though there is no significant difference between post-test score of
participants in Envi2 and Envi3 and the mean difference, which is displayed in Tables 6.13,
6.15 and 6.17, shows that participants in Envi2 have a higher post-test score than in Envi3.
This can lead to the conclusion that by comparing learning as individual and collaborative,
learners can perform better — by getting either higher concept-score or degree of confidence

— when learning collaboratively with others.

In the social interaction point of view, the way of judging is more complicated than
we can imagine. What we have seen during the research is that some cases have
consistency of learning result from pre-test, group-test and post-test but some have not.
Some participants have accuracy self and peer assessment but still cannot improve their
learning performance. Contributing something to others cannot guarantee the correctness of
the group result. These results reveal some signs of something behind the scenes which
worth while for us to look further even though there is no significant result to show the

impact of social interaction on the improvement of learning performance.
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Chapter 7

Discussion, Conclusion and Future Work

In this chapter, we start with the discussion of which factors can be used as evidence to
support whether or not seeing Idea/GLM and GLM helps learners to improve their learning
performance. The discussion focuses on two respects of comparison between individual's
performance in different learning environments. The first respect is to compare individual's
performances between participants in a non computer-based individual learning

environment and a computer-based collaborative learning environment.

The second respect is to compare the results of learning — in aspects of concept-
score, accuracy of self-assessment, and opinion of using particular learning environments,
rating of helpfulness of seeing the learner model, etc.; in two different computer-based
collaborative learning environments — Envil and Envi2, which are only different in the
matter of seeing and not seeing ldeal GLM and GLM. In Envil, participants are assigned to
work with GOLeM while participants in Envi2 are assigned to work in the similar system to

GOLeM but are not provided with GLM and Ideal GLM.

These two respects of comparison are tested to provide answers for four questions

that relate to the aim of the thesis. These four questions are below

1. In the computer-based collaborative learning environments, is there any impact of
seeing and not seeing the GLM and IdealGLM on learning score and degree of

confidence?

2. Is there any difference in the learning concept-score or degree of confidence when

comparing the result of collaborative learning with learning individually?

3. Is there any impact of self-regulation on the improvement of learning performance

focusing on the improvement of concept-score and degree of confidence?



Chapter 7: Discussion, Conclusion and Future Work 174

4. Is there any impact of social interaction on the improvement of learning
performance focusing on the improvement of concept-score and degree of

confidence?

After discussing the result from the four questions, the conclusion outlines the

significance of the work and what we plan to do next are shortly introduced in the chapter.

7.1 Discussion

As introduced in previous chapters, collaborative learning is used to encourage learners to
achieve more than their individual performance when performing with others. OLM is used
as the way to see how well they perform in order to improve their learning performance.
The worth of applying GOLeM which combined both the benefit of collaborative learning
and OLM (Brna et al, 1999; Bull et al, 1995; Bull & Nghiem, 2002; Kay, 2000; Dimitrova,
2003; Zapata-Rivera & Greer, 2004) is aimed at finding evidence to support whether or not
opening a group learner model — such as IdealGLM and GLM — can provide learners in a

specific collaborative learning environment with any benefits for their learning.

In order to meet this aim, we firstly scoped the development of our learning
environments into 3 types: Envil — a collaborative learning environment in which learners
were able to see their group model (IdealGLM and GLM), and have social interaction via a
chat-tool; Envi2 — a collaborative learning environment in which learners were able to have
social interaction via the chat-tool but had no access to their group model; and Envi3 — an
individual learning environment. These three learning environments provided the same

content — that of number-conversion.

Secondly, these three learning environments were used with groups of participants
who had a background in computing. The 120 undergraduate students from the Department
of Computer Science and Technology, Kanchanaburi Rajabhat University, Thailand were
involved as participants. After applying the 30-item questionnaire test (See section 6.1 for
the validity of the test), participants were assigned into three similar groups (See section 6.3

for the details about grouping).
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In section 6.3.1.1, Tables 6.9, 6.10, and 6.11 show that there was no significant
difference at 5% level for pre-test scores among the participants who were assigned to
study in these three learning environments. Hence, the participants for the three different

environments can be regarded as having the same basic skills/understanding.

According to various socio-constructivist theories (Piaget, 1928 & 1932; Vygotsky,
1978) and empirical study of learning, learners can improve their own cognitive
understanding and performance in some area of interest after having social interaction
concerning the area (Doise, Mugny, & Perret-Clermont, 1975). In this research, we

compare the improvement of individual's performance in two respects.

The first respect is regarding the first question that aims at seeing whether
collaborative learning helps to improve the individual's performance when the focus is on
the issue as to whether the learners can — or cannot see the IldealGLM and GLM. This

respect of can — or cannot see while learning collaboratively in the computer-based learning

environment plays a crucial part for this research.

On this issue, we are concerned not only with the score learners achieve both
individually and as a group but also with explanations of the results obtained in terms of
theory of mind which seeks to understand how modelling the other's thought, combined
with self-assessment obtained by reflecting on the learner's own self knowledge and
performance is used as a method to estimate how well they, their group and their peers
perform. Moreover the attitude of participants in Envil on how helpful IdealGLM and
GLM help them estimate how well they and their peers are in self-assessment and peer-

assessment.

In terms of comparing score between Envil and Envi2, the mean difference
between Envil and Envi2 shows that learners in Envil have higher scores than participants
in Envi2 (See Tables 6.13, 6.15 and 6.17). This implies that the learning process of Envil,
which is different from Envi2 only in the matter of seeing the IdealGLM and the GLM, has

an impact on learning — as indicated by achieving a higher post-test score.

In order to investigate further the learning process in Envil and Envi2 to see what is
going on within the particular learning environments, the four question items of number-

conversion were assigned in pre-test, group-test, and post-test and used by participants of
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both learning environments. The learning performance that we measure within using Envil
and Envi2 are represented in term of concept-score that is generated from the combination
of the correctness of the answer, and the degree of confidence for each particular answer.
The information from Table 6.30-6.41 still confirms that from applying the four question
test, participants in Envil still get a higher post-test and group-test concept-score than

participants in Envi2.

In looking further into the details of group-test and post-test for participants with
respect to types of participants: all participants, high-score group of participants, and low-
score group of participants, the results show that in the group-test, there are significant
differences at the 5% level for four learning concepts of all participants, three learning
concepts of high-score group of participants but there is no learning concepts of low-score
group of participants that are significantly different at the 5% level. In the post-test, there
are no concept-scores of any learning concepts for low-score group of participants, and all
participants that are significantly different at the 5% level from the pre-test. However the
concept-score of these six learning concepts are significantly different at the 5% level for

the high-score group of participants.

Regarding the results of concept-score for six learning concepts, Table 6.35 and
Table 6.39 show that for the high-score group, there are three learning concepts for the
group-test and six learning concepts for the post-test that participants have concept-scores
significantly different from the pre-test at the 5% level. While there is no learning concept
that participants in a low-score group have concept-score significantly different at the 5%
level in both group-test and post-test. This suggests that OLM is certainly significantly
useful for high-score group of participants. Furthermore it would be sensible to speculate
why the same results for high-score group of participants were not found for the low-score
group of participants. To do that, it is suggested that a larger group of participants should

be tested to obtain stronger evidence.

The higher concept-score of participants in Envil confirms our belief that providing
a group learner model might help learners to improve their performance. However this
evidence is not strong enough to conclude that this kind of result will happen every time we
run such experiments. Therefore we expect to test our learning system with a larger group

of participants for better evidence to support whether there is any significant difference of
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concept-score in six learning concepts between learning in Envil and Envi2. Furthermore
looking into detail of other factors that might effect on learning improvement especially on

collaborative learning environment is taken place.

The second respect is regarding the second question which aims at comparing the
individual learning environment with the collaborative learning environments to see which
one provides better help for learners to improve their individual understanding and
performance (see more details in section 6.3.1). The results from Tables 6.13, 6.15, and
6.17 show that there are significant differences at the 5% level of the post-test score
between the performance of participants in Envil and Envi3 whether one compares all

participants, the high-score group or the low-score group.

Even though there is no significant difference between the post-test scores for
Envi2 and Envi3, the mean differences in Tables 6.13, 6.15 and 6.17 show further detail —
in particular, that participants using Envi2 had higher post-test scores than participants in
Envi3. In the comparison of individual learning with collaborative learning, it can be
concluded that learners better improved their performance when learning collaboratively
rather than individually. This is consistent with other research on the performance of dyads

on collaborative tasks (Dillenbourg & Baker, 1996; Soller et al., 1999)

Regarding the third question that aims at seeing whether there is any impact of self-
regulation on the improvement of learning performance focusing on the improvement of
score and degree of confidence? Defined by Wilson (1998, p. 14), “Metacognition is the
knowledge and awareness one has of their own thinking processes and strategies and the
ability to evaluate and regulate one's own thinking processes” In this thesis, regulatory
checklists are used as a metacognitive control to monitor for self-assessment and in regards
to metacognition. These are questions that applied from Schraw's regulatory checklist (see
Figure 3.1): How much does my peer know? (For learners assessing their peers), How much

prior knowledge do I have? (For learners assessing themselves)

For the matter of assessment ability, the results in Table 6.46-6.51 show that there
are strong correlations between self-assessment and self-actual performance, and between
peer-assessment and peer-actual-performance only for participants in Envil but not for
Envi2. This can be used to infer that seeing IldealGLM and GLM has an impact on the

accuracy of self-assessment which according to Gama's work (2004) suggests that accuracy
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of self-assessment might help learner to improve their learning performance — in this case

to get a higher concept-score.

From that result, we then move our focus further onto whether there is any impact
of the accuracy of self-assessment and peer-assessment on the improvement of learning
performance. Table 6.61 that combines the concepts of self-assessment and ZPD shows that
for both Envil and Envi2, participants who were classified as 'Over-Estimated’ tend to
improve in group-test and post-test more than the other group of 'Precise-Estimated’ and
'Under-Estimated'. That might be because the dropping of degree of confidence causes the
lower concept-score therefore case by case should be investigated further. Moreover the
majority of 'Precise-Estimated’ participants of Envil are from the ones who have concept-
score at the highest level (near the ceiling) for the whole learning process, while this type of

participant in Envi2 does not improve in both group and post-test (See table 6.61 and 6.62).

In this case, even though there is some evidence showing that participants in Envil
have higher accuracy on self-assessment and there is no concrete information to confirm
that accuracy of assessment helps learners to improve their individual performance.
However we still believe that if we run this experiment with larger groups of participants —
either with the same groups more than one time or with different groups of participants that
have a similar background; we then should have stronger evidence leading to the
conclusion whether or not the accuracy of self-assessment and peer-assessment has an

impact on individuals' learning performance.

Furthermore the consistency of concept-score during the learning process which
concerns the pre-test, group-test and post-test (See Table 6.60) shows that there is a higher
percentage of participants who improve their concept-score in the group-test and post-test
in Envi2 more than in Envil. Even though the consistency of concept-score in Envi2 seems
to be higher than in Envil if we look further into the details of learning performance that
are classified as 'Not improved', it can be that either having the score meet the ceiling (Full
score) all over the learning process — pre-test, group-test and post-test, or having correct

learning concept but the degree of confidence is dropped down.
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Regarding the ZPD concept (Vygotsky, 1978) that is concerned about what first
learners cannot do individually on their own but can do later with others. This ZPD concept
is matched with the comparing result-of-the-answer (see Table 6.42), concept-score (see
Table 6.60) between pre-test and group-test. In regards to the result-of-the-answer, Table
6.42 shows that participants in Envil improved better than participants in Envi2 for both

considering to all cases and only cases that can be improved.

Furthermore, the improvement of concept-score from Table 6.60 shows that if
considered only on the matter of 'Improved’ that participants in Envi2 (54.2%) have a
slightly higher percentage than participants in Envil do (44.4%). It implies that with
regards to ZPD concept, participants in Envi2 better benefit from group-test than
participants in Envil. However, if considered only on the matter of 'Not improved' that
participants in Envi2 (45.8%) have a higher percentage than participants in Envil (38.9%).
This implies that with regards to ZPD concept, participants in Envil better benefit from
group-test than participants in Envi2. In this case, the matter of 'Meet ceiling’ causes a lack
of clarity of this result as to whether Envil or Envi2 is better for group learning with respect
to ZPD concept. That is because without the ceiling, the participants in Meet ceiling can

either be defined as 'Tmproved’ or 'Not improved'.

As that result, we still believe that if trying to avoid the ceiling effect together with
running this experiments with larger groups of participants — either with the same groups
more than one time or with different groups of participants that have a similar background;
we should then have stronger evidence leading to the conclusion whether or not can see —
and can't see IdealGLM and GLM have an impact on consistency between pre-test, group-

test and post-test.

Regarding the fourth question that aimed at seeing whether during the group-test,
there is any effect of social interaction on the improvement of learning performance.
According to the information in Table 6.63-6.70 and Figure 6.2-6.9, participants contribute
their knowledge only when they do not agree on the answer or degree of confidence.
Otherwise they only confirm the answer and degree of confidence as the group answers that

are counted as one knowledge contribution.
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For all 120 cases of conversation performed by pairs of participants in Envil/ and
Envi2, there are 21 instances in which a group of participants contribute other knowledge
rather than confirmation of their answers. The number of cases that learners contributed
something to their peers seems small. However according to Azmitia and Montgomery
(1993), the level of friendship between peers can have an impact on their group learning
performance - learners perform that group-test better when they do it with friends rather
than acquaintances. There may also be other factors that determine the degree of

contribution including the learning culture, the need to “keep face” and so on.

In our work, the participants who were assigned to learn in each learning
environments were friends or colleagues for at least 3 years so they might have some ideas
about each other skills/knowledge. That might be a major reason why learners did not
contribute anything but still got the correct group answers. In order to confirm the impact of
relationship between peers on the improvement of learning performance a further study

should be carried out.

Further information of these 21 cases can be seen in Table 6.72 and Appendix F.
For the opinion of participants about using Envil and Envi2, Table 6.74-6.93 show that
participants in Envil vote for a slightly higher level than participants in Envi2 for all 19
questionnaire items with having the mean difference of each vote between the range of 0.01

to 0.52.

To confirm the satisfaction of using Envil/ in which learners are able to see
IdealGLM and GLM, the results in Table 6.52-6.59 show that almost all (94%) of
participants require seeing IdealGLM. They stated the helpfulness of seeing Ideal GLM for
self-assessment and peer-assessment as 'Much helpful' (See Table 6.54 and 6.56).
Furthermore they stated the helpfulness of seeing GLM as 'Very much helpful', which is the
highest level that represents the helpfulness of seeing GLM (See Table 6.59). The majority
of votes of participants on the helpfulness then confirm our belief about the impact of

providing group learner model on collaborative learning.

As a result of voting on 19 questionnaire items together with helpfulness on self-
assessment and, it could be concluded that seeing IdealGLM and GLM helps learners to

improve their learning performance.
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7.2 Summary of the results

According to what we have already presented as evidence to support our answers to the
questions related to the aim of our thesis, it can be concluded that 'able' to see group
learning performance as IdealGLM and GLM, which is represented in terms of bar-chart
and textual explanation, helps learners to get a higher concept-score in both group-test and

post-test.

1.Considering the matter of ‘can see’ and ‘cannot see’ the group learner model in
GOLeM-like environments, the results of Table 6.30-6.41 show that participants who can
see the group learner models have concept-scores on group-test and post-test higher than
ones who cannot see the group model. Moreover considering the improved learning
performance based on result-of-the-answer (See Table 6.42 and 6.43) and based on concept-
score (See Table 6.44 and 6.45) show that in the cases that participants can improve, ones
who can see the group learner model (Envil) improved at least in post-test more than ones

who cannot see the group learner model (Envi2).

2.The results in Table 6.12-6.17 show that participants who learn in both computer-
based collaborative learning environments have post-test score higher than ones who learn
individually in a non computer-based individual learning environment. Moreover the
significant difference of the scores between Envil and Envi3 can be used to confirm my
belief that learning with peers help learners to improve their learning performance better
than learning alone, and they can improve even better when they ‘can see’ the learning
performance as a group learner model. Furthermore the higher level of voting in all 19
items questionnaire (See Figure 6.73 - 6.93) can be implied that learners are more satisfied

to learn in Envil than in Envi2.

3. Results in Table 6.46-6.51 show that ‘seeing’ group learner model helps learners
to assess themselves and their peer more accuracy. Moreover as suggested by Gama (2004)
the accuracy of assessment helps learners to improve their individual performance. Given
the results obtained regarding matters of self-assessment and peer-assessment together with
the post-test score, it can be concluded that seeing IdealGLM and GLM helps improve their

learning performance. Moreover learners who ‘had seen’ the group learner model voted
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that ‘seeing’ the IdealGLM is ‘Much helpful’ for them to assess themselves and their peers,
and ‘seeing’ the GLM is ‘Very much helpful” for finishing all 4 questions during the group

test.

4. As already stated above that learners better improve when they do learn with
peers rather than on their own. The ‘social interaction’ or the actions of exchanging beliefs
is considered here as a possible factor supporting learners to increase their learning
performance in collaborative learning environment. In this work, enabling the system to
investigate for what learners exchanged during the group-test might help to understand for

‘how come the group answers’ better than seeing only the group answer alone.

Moreover according to the result of the group answer that each group has (See
Table 6.63 — 6.70) , it could be implied that if at least one member of the group had correct
individual answers, later they tended to have the correct answer for the group-test without
any contribution of knowledge. Moreover learners tend not to contribute any knowledge
and directly agree on the group answer if they both have the same individual answer in the

first place and thought that it is correct.

According to the results we have here, it can be concluded that in the computer-
based collaborative learning environments that allow learners to communicate with peers
via the chat-tool, ones who 'can see' the group learner models improved more in both
group-test and post-test, than one who ‘cannot see’ the group learner model. Moreover the
results regarding 'self-regulation' and 'social interaction' show that accuracy of self and peer
assessment, and the exchanged beliefs during the group-test help learners to improved
learning performance. Though this evidence is not as strong as we might wish to guarantee
the result of the further studies, this thesis has provided the most thorough empirical

examination of the benefit of a GOLM so far
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7.3 Contribution

In this thesis we aimed at building the system called 'GOLeM' that encourages learners to
benefit from seeing their learning performance as a group learner model — IdealGLM and
GLM, in a computer-based collaborative learning environment. The GOLeM helps learners
to exchange beliefs with peers via the chat-tool through applying the concept of dialogue
game (Dimitrova, 2001; Burton, 1998) and sentence openers (Soller, 1999 & 2001 &
2002).

GOLeM is designed and evaluated for both paper-based and computer-based
versions. The paper-based version is built to test for the plausibility of learning content and
user interface with six pairs of undergraduate students. The computer-based version of
GOLeM is implemented taking the results from the previous version into account. The
Ethics committees from the Faculty of Education, Glasgow University, approved all

documents that were used in this version.

The computer-based GOLeM (Envil) is tested against other two learning
environments — Envi2 and Envi3. Envi2 is an environment that is similar to GOLeM but not
provide GLM and IdealGLM, while Envi3 is a non-computer-based environment for
individual learning. The evaluation of results after applied with 85 participants (See detail
in Chapter 6) shows that learning with peers using GOLeM, participants get higher score
and degree of confidence than other two learning environments. Moreover when focusing
on the results of two computer-based collaborative learning environments (Envil vs.
Envi2), the evidence shows that participants who see the GLM and IdealGLM have slightly

higher score, degree of confidence, and satisfaction level of using GOLeM.

There are some works (Dimitrova, 2001 & 2003; Brna et al., 1999; Bull et al.,
1995; Bull et al., 1999; Bull & Nghiem, 2002) that are concerned about open learner
modelling but most of them focus on representing the individual learner model for either
group learning or solitary learning. This work is different from others on the representation
of the learner model that focuses only on group learner model. Introducing two types of
group learner models as Ideal GLM and GLM, rather than individual learner model aims to
encourage self-regulation that is concerned with what might help learners to improve their

individual performance. The IdealGLM is used to represent what GOLeM expects group
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members to achieve if they perform the group-test together. While the GLM is used to

represent what the system believes about how well the group performs in the group-test.

Applying the simplest set of moves for a dialogue game ('Questioning' and
'Informing”) with fourteen sentence openers are mainly used in a chat-tool. Each utterance
that is used to complete each sentence are related to six concepts of number-conversion.
This chat-tool is used by learners to exchange their beliefs and used by GOLeM to

investigate what learners believe and how they perform during the group-test.

Each move that learners made is justified and used to manage the learner model
with respect to six learning concepts. The way of representing our conceptual knowledge is
in between an overlay model and a probabilistic model. What we applied from the concept
of overlay model is that the knowledge that a learner has is a subset of the system. Any
beliefs not recognised as correct are regarded as misconceptions. However the value that
represents conceptual knowledge in an overlay model is not suitable for uncertain situations
e.g. it cannot be absolutely known or not known if learners do a similar task more than one
time but still get inconsistent results. Therefore the simplified version of a probabilistic

model is utilised in this thesis for dealing with uncertain situations.

Both CSCL and AIED communities can study the GOLeM itself further. Regarding
the AIED community, GOLeM can be used for the further study on the benefits of seeing
learning performance as a group learner model — IldealGLM and GLM. Regarding the
CSCL community, using this GOLeM with either a larger or a wider variety of groups of
learners focusing on knowledge contribution during the group-test for the concrete

evidence to support that social interaction has an impact on collaborative learning.

7.4 Future Work

7.4.1 Extend to test with larger group of participants

Regarding the information in Table 6.61 — 6.62, the evidence show that participants in
Envil have higher accuracy on self-assessment than participants in Envi2. However there is

no concrete information to confirm that accuracy of assessment helps learners to improve
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their individual performance. As well as the view of communication dialogue that there are
only 21 of 120 cases that learners contribute knowledge that cannot be used as concrete

evidence to conclude whether contribution leads to gaining more knowledge.

Therefore what we plan to do next is to run these experiments with larger groups of
participants — either with the same groups more than one time or with different groups of
participants that have a similar background. We expect that the larger group of participants
might provide stronger evidence leading to the conclusion as to whether or not the accuracy
of self-assessment and peer-assessment, and the contribution of something during the
conversation other than confirming the answer has an impact on individuals' learning

performance.

Moreover regarding the information in Table 6.33 and 6.39, the results show that
participants of high-score group in Envil perform better than participants in Envi2
significantly different at the 5% level relative to the pre-test for three learning concepts of

the group-test, and all six learning concepts of the post-test.

However in low-score group of participants, there is none of these six learning
concepts that have a concept-score significantly different at the 5% level. In order to
speculate why the same results of high-score group of participants did not happen for low-
score group of participants, the larger group of samples are suggested to apply for the better
evidence. Whether there still is any significant difference between concept-score of

participants who applied in low-score group in Envil than in Envi2.

7.4.2 Extend the learning platform to Web-based

What we have done here with GOLeM, is to connect two computers to share information
and enable work to be done on the same task. At this point the peer-to-peer type of
connection is used to allow two learners to work together as a group. As the results, for the
environment of GOLeM is based on only two learners at a time there is only an expectation

that it might work the same way when applied to larger groups of learners.

When considering how to assign more than two learners to access the system at the
same time, the competitive option is to choose a web-based approach. That is because a

web-based environment not only supports distance learning but also allows more than two
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learners access at the same time. As a result of that, the web-based GOLeM is planned to be
implemented in the future but this will still use the same characteristics of peer learning as

it was for the peer-to-peer GOLeM.

7.4.3 Extend to consider about applying individual learner model in GOLeM

What we have done in the thesis is mainly to focus on comparing the benefit of seeing and
not seeing the group learner model of GLM and IdealGLM for a computer-based
collaborative learning environment. What we plan to do next is to bring the matter of
seeing the 'Individual learner model' into account. This can lead to three areas of

consideration.

The first area of interest is to see whether an individual learner model helps learners
who do the test with peers in the group learning getting higher concept-score or degree of
confidence when compared with learners who do the test individually. (Individual learning
with seeing ILM (Individual Learner Model) vs. group learning with seeing ILM)

The second interest is that in a collaborative learning environment, is there any
impact on score or degree of confidence if one group is able to see an individual learner
model together with GLM and IdealGLM but another can see only the Individual learner
model. (Group learning with seeing ILM vs. group learning with seeing ILM, GLM and
ldeal GLM)

The third area of interest is even simpler than the previous two. This focuses on
how the results would have come out if the students had only seen their individual models
and never seen the group model? (Group learning with seeing ILM vs. group learning with

seeing GLM and Ideal GLM)

We expect that after continuing our study further on these three areas of interest, we
can come to a conclusion on how individual learner model and group learner model —
represented here as GLM and IdealGLM have any impact on learning performance
especially on learning score and degree of confidence. Moreover the results would lead to
the suggestion of which learning environment — collaborative learning vs. solitary learning,
and which way of representing the learner model is the most beneficial for learners for the

content of number-conversion.
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7.5.4 Extend the way of managing individual learner model in the GOLeM

As already stated in 7.5.3 regarding the idea of providing an individual learner model to
learners that we plan to do in the future, here we are concerned with how the individual
learner model is updated during the group-test in which learners are able to exchange
information via the chat-tool. In this case we consider the way of updating this individual

learner model in two respects.

The first respect is to use what each member has done and said via the chat-tool to
update their own learner models individually (Assumption for this belief is that what
learners express is what they believe and this belief might not be conveyed from what has

been done in the group).

The second respect is to use the information that the group has done to update their
own individual learner model (Assumption for this belief is that the group beliefs might

convey individual beliefs after doing the test with peers).

7.5.5 Extend to apply questionnaires in all pre-test, group-test and post-test

In this thesis, we applied a questionnaire asking learners to state their self-assessment and
peer-assessment only when they finished the pre-test and group-test but did not do it for the
post-test. Therefore we missed the chance to see how well GLM and IdealGLM helped
learners to improve the accuracy of their assessment performance including the consistency
of the assessment performance when considered through the learning process of pre-test,

group-test, and post-test.

Moreover this information might help us obtain more evidence for the correlation
between the impact of assessment performance on the improvement of learning score and
degree of confidence. Thus what we plan to do next is to include the questionnaire for
learners to elicit self-assessment and peer-assessment after doing to the post-test for more

concrete evidence to support for what we missed in this thesis.
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7.4.6 Extend the way of pairing group members

Considering [-Help (Greer et al., 2001) in which each learner who uses this system, has
their own personal agent that does things on behalf of their learners (negotiate, or require
some help from the other agents). In order to ask for help from others, what learners do is to
give their requirements to their personal agents. Apart from that, the personal agent has to
connect and match for that agent that is most suitable for the requirements. The way which
personal agents work for doing things on behalf of learners are kept behind the scene as a
black box — require for what they (personal agents) want from learners and provide what

they think learners want from them.

However there might be some cases that either you cannot agree on pairing with
another or vice-versa. Therefore the idea of an artificial peer (Bull et al., 1999) is then taken
into account. Considering how to apply an artificial peer to work with a learner instead of a
human peer, the variety types of peers becomes an issue. Each type of artificial peer might
be good at some specific learning concepts to encourage learners to experience on choosing

peers who might help them most.

7.4.7 Extend to apply to other aspects of metacognition

Defined by Wilson (1998, p. 14), “Metacognition is the knowledge and awareness one has
of their own thinking processes and strategies and the ability to evaluate and regulate one's
own thinking processes” In this thesis, we used regulatory checklists (see Figure 3.1) that
were derived from Schraw's work (1998), to explicitly elicit what learners thought, said, or
did. The questions that we used are how much does my peer knows (peer-assessment), and
how much prior knowledge do I have (self-assessment). What we are concerned further
with is how to applied theory of mind to work with metacognition in order to be aware of
'what we know about what beliefs, desires and intentions learners are aware of about

themselves or about others'.

We are aware that during the learning process learners may have their own beliefs,
desires and intention for doing things. However in this thesis, GOLeM is not designed to
deal with the explicit way to elicit desires, intentions or other beliefs that are not related to

the learning concepts. Moreover, the beliefs that learners can expressed, are only those
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related to the learning concepts that might stop them from showing their exact desires and
intentions. As a result, what we expect to do further is to apply more questions in the
regulatory checklists to elicit what learners have in mind for their beliefs, desires, and
intentions during the group learning process in order to provide the right information to suit

their needs at a particular time.

7.4.8 Extend to way of working on the results

We are aware that people who stay in the ZPD for some concepts/skill over the whole
course of the study improve on some specific concepts/skills between the pre-test and the
group-test but do not necessarily show improvement between the pre-test and the post-test.
What we represented here is the result of overall six learning concepts that learners
achieved in pre-test, group-test and post-test (See Table 6.60). However what is not
displayed here but considered to be done as a future work is the study of the pattern that
appears when look at individual learning concepts. We hope that the revealed information
of individual learning concepts might be used as evidence to support the conclusion of the

results.

7.5 Summary

This thesis involved building GOLeM - a learning environment that obtains the benefits of
both concepts of collaborative learning and open learner modelling. The focus of GOLeM
has two aspects. The first is to compare the learning performance of a collaborative learning
environment (Envil) against an individual learning environment (Envi3). The second one is
to compare whether seeing (Envil) and not seeing (Envi2) GLM and IdealGLM have an
impact on learning performances. The learning performance used in this thesis is concerned

with concept-score and degree of confidence.

GOLeM contains rules of number-conversion as domain knowledge. Dialogue
games and sentence openers are used to implement a chat-tool to exchange beliefs between
peers. Bar-charts and textual explanations are used as external representations of learning
performance for both GLM and IdealGLM. The GOLeM was implemented and tested in

two versions: paper-based, for the plausibility of the content and the user interface; and
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computer-based, for comparing the learning results among three different learning

environments (Envil, Envi2 and Envi3).

Comparing learning performance between Envil and Envi3, the results shows that
there is a significant difference between learning score and degree of confidence at the 5%
level (Envil > Envi3). This leads to the conclusion that learners better improve their
learning performance when they work with peers than on their own. Moreover with the
respect of seeing and not seeing the group learner model — GLM and IdealGLM the results
show that there is a slightly higher score (from the group-test and post-test), degree of
confidence, and satisfaction levels of learning (from the given questionnaires providing

during pre-test, post-test, and after finished using the GOLeM) in Envil than Envi2.

It leads to the conclusion that in these specific circumstances, learners benefit more
from learning in Envil than Envi2. However the evidence that we have here is not sufficient
to answer whether it is likely to be true that Envil-like environments will always lead to
better learning. As a result, we plan to continue our work on both similar and different
directions to improve the strength of the conclusion that GOLeM helps learners to benefit

from learning.

What we have done in the thesis is to explore a specific area of using group learner
models — GLM and IdealGLM, whether it helps learners benefit in a collaborative learning
environment. Nevertheless we already have in mind that there are many respects using to

measure the improved of learning performance apart from providing GLM and Ideal GLM.

What we are considered about as possible aspects that can be worked on in the
future fall into these questions: Do we ever need to have the individual model when
working in groups?, If so how can we manage this individual model?, Shall we represent
individual model together with group learner model?, Which type of learner model that
might provide the best help to learners in a collaborative learning environment?, Is the
result being the same if we change the learning platform from peer-to-peer to web-based?
If not, what might cause the difference?, which type of pair that might be the best suit for
learning with GOLeM?, if applied non-human peer to GOLeM will the result turn out the
same way as human peer, if not what might cause the different? Some of these questions are

already mention in this thesis as a future work.
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The evidence that we have found suggests that being able to see a GOLM improves
learning. Though this evidence is weak, this thesis has provided the most thorough

empirical examination of the benefits of a GOLM so far.
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Appendix A

30 Items Questionnaire Test

In appendix A, there are six documents that are used in order to validate the plausibility of
'number-conversion' content. Section A.1 to A.6 contain detail of 'Questionnaire Invigilator
Instruction', 'The 30 items questionnaire test' and 'The answer sheet' that used in the test for

both Thai (See section A.1, A.3 and A.5) and English version (See section A.2, A.4, A.6).

A.1 A Thai version of Questionnaire Invigilator
Instruction.

dadiuasdrusugaiuaunisnasau

1 Wuwdsgvinuuuvesauareviin dodlamazvinnasan aiaauianuaiuisaiui
CEN

2 devanauazlszniaiuna wazaaui smsunisnasaulvignesaudoduindnuivadud
PavTdsunsuItnAanfAItaas AragInadaaasuasinaTulal sarusruafdgaiayauys 16
nulaavifu
Iaviasludnraidmdudunissaunatenia uazdaianaa (Uszana 30-40 s satiag)
augnavignasaudindoluriasaaunauniaidssna 5 uni
gauaunisvadau Mnailszuna 10 u Sufumsuanuuuvesay adunadunaunisvia

LUUNAFaY ARanuAaLdatnaINuadlnasaU

5.1 wislvignazauasadaumuauysaluasuuunaday delsenaudiatanasodiu
5 uiu Usznavdra tihuunesnazingulseded (111 1), Muvunasgay (Win 2-4),
nsTAHAIRAY (Wi 5)

5.2 wdslridnesdaunsandayagrumaslunuunegaulviauysal

5.3 wdslrignagauaruvinanutinlauvuneasay Aauasliavin
5.4 wisnarbvignadaunsiui naildlunisvedauiiias 1 942Tue

6 lalififadnaiulen nnguasau augralvignasauassiaviuuunasay'lé
7 WigauAunsnagal wisnaBuduuasdugansmaganlinunseanusii
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8
9
10
1

12
13
14

A-2

Wudindome viaduurdayaduladdmdasfudmaiugnasay

szaAuioian Warull 30 ut uavdseaadndaunuanan 5 uii

laasu 1 4 Tue Useamawisvignesay veavinuuunasay

fAauaunITnagal astafiauuunasauifiialiiulain guasgaunaunnaiaiuyndaaig
ATUHIU

aaLdain nsvarnaugalfufnfuLuunegauatnGausas
2aupainasaunnAuliauHusialumsvinuuunasau
iuwuunasauluidaassouwazsiuanudy Adaudanihdeidugisaiarinnisiesei
diaya

A.2 An English version of Questionnaire Invigilator

Instruction.

Instruction for the Questionnaire invigilators

Do not tell the students about the topic in advance in order to measure the
actual performance.

Make an appointment and then announce the exact date and time to all the
students from the Department of Computer Science and Technology,
Kanchanaburi Rajabhat University.

Set the rooms in the same way as you would when having an examination (30-
40 places for each class/year)

Allow students to sit on their seats 5 minutes before the start.

The invigilator should spend 10 minutes distributing the questionnaire, giving

the instruction and answering questions from the students.

5.1 Ask students to check that they have all the sections of the
questionnaire: goal and objective of the test (pagel), main body of the
test (page 2-4), answer sheet (page 5)

5.2 Remind students to fill in all personal information in the space
provided.

5.3 Remind students to read the questionnaire to make sure that they
understand it clearly before starting the test.

5.4 Remind students that the test will take approximately one hour.
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10.
11.

12.
13.
14.

A-3

If there are no further questions, allow students to start answering the
questionnaire.

Write down the start and finish time on the black board.

Do not intervene, or even give any information relating to the question.
Announce the time after 30 minutes and then again 5 minutes before the end of
the examination.

After an hour, ask students to stop answering.

The invigilator should check the questionnaire to ensure that all items have
been answered.

Make sure that the questionnaire is attached to the answer sheet.

Thank the students for their participation.

Keep questionnaires safe and confidential before passing them to the researcher

for analysis.

A.3 The 30 items questionnaire test (Thai Version)

This questionnaire test is contained in four pages. The first page shows researchers name

and address, objectives of the research, objectives of this specific 30 item test and

confirmation of the confidentially of the test results. The second page contains the

explanation of how to do this test and the remaining contain the test items.

A.3.1 Page 1 of questionnaire test (Thai)

AUEANHAROT
AsudataugIu
HANTTNUUINTSLEAYT AU FTHULLUARN

ifdan1sday wuuBausnudukiudamenanfinnas

WIF: dNtaua navde (WnAnwadieyeytan) 8w nilubont@educ.gla.ac.uk Tns. 0141-3308546
ﬁagi: Room 445, St Andrew’s Building, Glasgow University, Glasgow, G3 6NH

anaseinSnunudn Prof Paul Brna 8wia paul.brna@scre.ac.uk Tns. 0141-3301917
17iar_j: The SCRE Centre, St Andrew’s Building, Glasgow University, Glasgow, G3 6NH



mailto:nilubont@educ.gla.ac.uk
mailto:paul.brna@scre.ac.uk
mailto:paul.brna@scre.ac.uk
mailto:paul.brna@scre.ac.uk
mailto:nilubont@educ.gla.ac.uk
mailto:nilubont@educ.gla.ac.uk
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Jaqiszavaaavsnsnadau

vamdayastuauulunsdaweiauiamunizauiisanndasduainudasnisuaddizau ialdluaso

Tlsunsumanieasdiniunisidausuuunay TasaugaigEausunudusndnlungussnineiivinou
nanTaaldlisunsumssunudawedonls wWamundaunldlunsmesauniedl dadasnisulasiaasiu

wuunazauyed azgninllifunuusaudviuiaanusuacgiFauludasnisuladiaagiu o
Aaunaguavlidldsunsumaniiiaasdrniuniszauiuuungy tNansIadauin navanANZausTINAuAY

WauTlealiTlsunsuaanfinmasidaeden §iEausnsaiiuanus wiaanusiulaluiFaszasnisulaiaz
sunsa’ly ado'ls

wuunesauyai gnaanuuuiialinasautindnuididednmnagszninaeduili 1 fedulldl 4
Tdsuasuizneaufieas aragineaaasuastnaTulad nwinendanddgaaauy’d Iaagidauinaiiiay
gawtivlizaugiAmdunsulasieugsiulugainmiadaunsBaufidsvuaiafnedn  lulalléusa'laui

>

AIBaUININAUTaaNFuFdayamnausanadnguiidiuia TuAISIARNYUAIING ANURINNTAUIKIZHY

niscavAaasuuuNasgau:

1. Wa¥amnusaasgBaulunisuldaausiu nng1uaas, sunde wazgruduvadlugiudy

2. WlataanuszasgBaulunisuaneidssansuniszadfianusasia

3. watarnusuasgiFaulunisulasaraasdiay Wiabglusluuuese 16

4. WiavaanusuacdFaulunsuilasarzasdiiaagiusieg Wahdlusluasauniszasnisuladiangiule
5. WaiaanusuasfiFaulunsainnaiiamuadnwiaadnisuladiaugiuda1eg Widlugruau'lé

v i o A v o & A 5 o = 1%
aatiffiulain dayanvinularinnisnadauluasvilazgatiluarnudiu uazazuuun'laannnisnasiau

ol "

d o C X o

avhifinatfaaaslag MvdusunisazuuuluduBau aasvinu

I

* mddutl ushunierasnisdnuseduiyaan Adsunuaiuauuainisunaine
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A.3.2 Page 2, 3 and 4 of questionnaire test (Thai)

dannaviunisvinnuunasiau

wuuvegaufiiuvuudansauddidan Srurufedu 30 da

—_

2. Tlsadannmnuinluzas a, o, @, 9 & mdudidaniiviuingndas-—- vi¥a a s msudiafianin
Lifisdaniignéas

3. auaaliivinnisawa asuunstasdian udmeaulvidaulunseansainauiian'ls v
winifu

4. wuunedauyaiilinailunisviniedu 60 uni

1. saulusiwnisidadulszas 1011, Wauwdasiuaugiudy wér fawvinduwinls?

n 6
2 8
A 12
v 16

2. ganlusiwnisidaidulduag 0.11, Lﬁauﬂaatﬂutamg'\uau wan fdnvinAuwnin'ls?

n 0.01
a 025
A 0.625
g 075
3. ganlusiunisidadulduas 110.112Lﬁauﬂa\nﬂmamgmau wan dawvinduin'ls?
A 6uxe 0.5
2 4uar 0.25
A 4uaz 0.5
9 8uar0.25

4. gaalusumisidaidulauas 1011, Wawdasfuaugiudy udr davinduvinls?

n  1x10°
a 2+2+2
A 2x3
v 8

5. saalusunisifiadulduad 0.011, Waudaoiuauguiy ud) Savinduwinls?

nA  1x2?
1 1/(2x2x2)
A 0.001

Jg 04
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6. aalusunisidaidulauas 1110.011, Havdasiluaugiudy wdr fawvinduinls?
A 8uay1x2?
A 16 uag 1/(2x2x2)
A 2°uaz 0.125
9 8uax04

7. faalusunieiidaidulduas 1110, Waudlasflugiuay fidaseduslaunislutiala?
n o (1x22)+(1x2"+(0x2%
a (1422 x(1 +2') x(0+ 2°)
A (1x2%) +(1 x 22) +(0 x 2')

(1+2%) x(1+2%) x(0 + 2"

<

8. aalusunisiidaidulduas 0.111, Wawlasiugrudy feaseduslannsiudala?
n o (1x2%+(1x27
2 (1+2°9)x(1+27)
A (1x2"+(1x2?
9 (0+2?2)x(1+27)

9. @uaz 10111, Wawdaoiluaagudy wér fanvinduwinls?

n 21
2 23
A 25
g 39

10. saa 0.101, Wawlasifulausudu il fanviduvinls?

n 0.101
0.5

A 0.625

v 0.75

1. danlustunisidaduliza 111, Wawdasiuaugiudy uwdi favinduvin'ls?

n 32
1 64
A 100
9 512

12.  guanludiunisidaidulduad 0.11, Lfiauﬂaal,ﬂmamgmﬁu wad Adnvindunin'ls?

n 0.1

a 0125
A 0.25
v 05
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13, gaaaludiuvisiidadulauas 11011 Wavdasfluaugiudy wdr fawvinduninls?
A 4uaz0.25
2 8uay 0.25
A 8umr0.125
9 64 urr 0.125

14.  duanlusiwnioidaduldzad 101 audasfuaugiudy wdr fawvinduinls?

n 1x10°
u  1+(8x8)
A 8x3
9 1x8&

15.  saalusiunisndaidulduas 0.01s Waunlaaduiaugudy war favinduiin'ls?

n 1x8’
1/(8x8)

A 0.64

v 0.01

16. dazlusuniefidaidulduas 55.4; auwdaoiuaagiudy wdd favinduwin'ls?
n 40 uay 0.4
2 40 uay 0.5
A 50uay 0.4
9 50um® 0.5

17.  sauludunioidadulduas 7156, Waudlaaiusudy fideseduglannisiudala?
N (1x8%)+(5x8") +(6x8°

(1 +8%) x(5 + 8" x(6+ 8°)

(1x 8% +(5x 82 +(6 x8")

(1 + 8% x(5 + 8% x(6 +8")

& ®

18. fiazlusuniiidaidulauas 0.421; awdaaiugudy faaseduslannisluiala?
A (4x8%)+(2x8")
a4 (4+8%x(2+8")
A (4x8")+(2x8?
9 (4+82)x(2+8")

19.  dau 75s Waudaoiuausudy ud fawvinduwinls?
n 56

1 61

A 75

g 96
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20.

21.

22.

23.

24.

25.

26.

fLa 0.60; aulavfuaagiudy udr fevindurin'ls?

il
uU
fA
J

0.48
0.6
0.625
0.75

daulusuniendaidulduas 11146 audaofuaugiudy ud) favinduwinls?

il

uU

fA

J

16
32
64
256

Maalusundsidaigulauad 0.14 Wandasiduaugrudy uad davinduvinls?

il

2]
J

0.1
0.16
0.0625
0.625

daulusunioifadulduas 110.1146 Waudasfuaugudu udr fewvinduwin'ls?

il

uU

fA

J

100 wuay 0.1

16 uay 0.05
256 wuay 0.05
256 uay 0.0625

fanluswnisidaidulduad 1114 Lﬁ'auﬂamﬂmawgman uan dawvinduin's?

n

2]
J

1x10?
16x16x16
16x3

64

faalusunisndaidulauas 0.011 e fandaoiluiaugrudu wdr Sanvinduwin'ls?

il
uU
A
J

1x 1672
1/(16x16)
16/1000
0.001

Fanlusiunusidaiduldung 55.81 Lﬁauﬂamﬂmamgwuau wa) fdvindunin'ls?

il

uU
2]
J

50 uay 0.8

50 way 8/(16)
16 x5 uay 0.5
16 x5 uay 0.4
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27.

28

20.

30.

il

uU

A

<

daalusunisndadulduas 14516 Wanlasflugruiu fidasedugdaunisluiala?

(4 x 162) +(5 x 16") +(1 x 16°)
(1x16%) x (5x16") x(4 x 16°)
(4 x 16%) +(5 x 162) +(1 x 16")
(1 +16%) x(5 + 162) x(4 + 16)

. 28. sanlusunteidaidulauas 0.1214¢ audaailugiuay faasetuslaunisluiala?

il
uU
2]
J

il

2]
J

il
u
2]

(1x 16%) +(2 x 167
(2 x 169 + (1 x 16)
(1x 167) +(2 x 162)
(1+162) x(2 + 16)

Maa 1234 andasiuaugrudu udr davinduvinls?

123
135
279
291

fa 0.884 taullasiiuaugiuy uwdr favinduvinls?

0.55
0.60
0.625
0.75

azaununnviny &nsuanunuiia
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A.4 : The 30 items questionnaire test (English Version)

This questionnaire test is contained in four pages. The first page shows researchers name
and address, objectives of the research, objectives of this specific 30 item test and
confirmation of the confidentially of the results. The second page contains the explanation

of how to do this test and the remaining pages contain the test items.

A.4.1 Page 1 of questionnaire test (English)

Faculty of Education

NUMBER CONVERSION

The Impact of a Group Open Learner Model on Learning

in a Computer-based Collaborative Learning Environment.*

Researcher: Miss Nilubon Tongchai (PhD student)
Email: nilubont@educ.gla.ac.uk Tel: 07921186383
Address: Room 445, St Andrew’s Building,
Glasgow University, Glasgow, G3 6NH

Supervisor: Prof. Paul Brna (Principal Supervisor)
Email: paul.brna@scre.ac.uk Tel: 0141-3301917
Address: The SCRE Centre, St Andrew’s Building,

Glasgow University, Glasgow, G3 6NH

Goal of the test:

To provide information that will help me build the computer system, Tutor Peer-OLM, that
allows learners to communicate while doing the task and then giving help by intervening at

the right time, in the specific context which is number-conversion.


mailto:paul.brna@scre.ac.uk
mailto:paul.brna@scre.ac.uk
mailto:paul.brna@scre.ac.uk
mailto:nilubont@educ.gla.ac.uk
mailto:nilubont@educ.gla.ac.uk
mailto:nilubont@educ.gla.ac.uk

Appendix A A-11

This questionnaire will be used as a pre-test and post-test for measuring knowledge
of learners in the context of number conversion, which consists of the conversion of
decimal into binary, octal and hexadecimal numbers, in order to see that after learning with
friends in this computer-based collaborative learning environment, learners can get higher

score or improved degree of confidence.

This questionnaire is administered to undergraduate students in the Department of
Computer Science and Technology, Kanchanaburi Rajabhat University. These students will
be arranged to learn in three different learning environments to prove that learning with

friends and seeing how well the group perform may help learners improve their knowledge.

Objectives of the test:

1. To measure knowledge of converting a number from Binary to Decimal

To measure knowledge of converting a number from Octal to Decimal

To measure knowledge of converting a number from Hexadecimal to Decimal
To measure knowledge of using the right weight for each bit position

To measure knowledge of transforming provided values into other formats.

AN

To measure knowledge of using an equation and replacing values into correct bit
positions.

7. To measure knowledge of calculating for the final solution of each question.

Please be assured that your response will be completely confidential and that your

score has absolutely no effect on any of your academic performance.

* This research is funded by a studentship from the Royal Thai Government
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A.4.2: Page 2, 3 and 4 of questionnaire test (English)

Instructions:
1. This test contains 30 multiple choice questions.
Please select either a, b, ¢, d ------ or e in case that none of the provided answers is
correct.
3. You may do calculations on the questionnaire but provide your answer only on the
answer sheet.
4. Please finish the test within 1 hour.
1. What is the value of the underlined position of 1011, after being converted into
Basel10?
a. 6
b. 8
c. 12
d. 16
2. What is the value of the underlined position of 0.11, after being converted into

Basel0?

a. 0.01
b. 0.25
c. 0.625
d. 0.75

What are values of underlined positions of 110.11, after being converted into
Base10?

a. 6and0.5
b. 4and0.25
¢c. 4and0.5
d. 8and0.25

What has the same value as the underlined position of 1011, after being converted
into Basel0?

a. 1x10°

b. 2+2+2

c. 2x3

d. 8

What has the same value as the underlined position of 0.011, after being converted
into Basel0?

a. 1x27?

b. 1/(2x2x2)

c. 0.001

d. 04
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6. What has the same values as the underlined positions of 1110.011, after being
converted into Base10?
a. 8and1x2?
b. 16 and 1/(2x2x2)
c. 2*and0.125
d. 8and 0.4

7. What is the value of the underlined positions of 1110, in term of equation after being
converted into Base10?
a. (1x2)+H1x2")+0x2%
b. (1+2%)x(1+2")x(0+2°%
c. (1x2)+1x2H)+H0x2"
d. (1+2)x(1+2%)x(0+2"

8. What is the value of the underlined positions of 0.111, in term of equation after being
converted into Base10?
a. (1x2%+(1x2"
b. (1+2%x(1+2"
c. (Ix2M)+(1x2?
d. (0+2%)x(1+21

9. What is the value of 10111, after being converted into Base10?

a. 21
b. 23
c. 25
d. 39
10. What is the value of 0.101; after being converted into Base10?
a. 0.101
b. 0.5
c. 0.625
d. 0.75
11.  What is the value of the underlined position of 111 after being converted into
Basel0?
a. 32
b. 64
c. 100
d. 512
12. What is the value of the underlined position of 0.11s after being converted into
Basel0?
a. 0.1
b. 0.125
c. 0.25

d. 05
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13. What are values of underlined positions of 110.115 after being converted into

Basel0?
a. 4and0.25
b. 8and 0.25
c. 8and0.125
a. 64and0.125

14. What has the same value as the underlined position of 101 after being converted
into Basel0?

a. 1x10°
b. 1+(8x8)
c. 8x3

d 1x8&

15. What has the same value as the underlined position of 0.01s after being converted
into Basel0?

a. 1x8!
b. 1/(8x8)
c. 0.64

d. 0.01

16. What has the same values as the underlined positions of 55.45 after being converted
into Base10?

a. 40and 0.4
b. 40and 0.5
c. 50and 0.4
d. 50and 0.5

17. What is the value of the underlined positions of 71565 in term of equation after
being converted into Base10?
a. (1x8)+(5x8")+6x38%
b. (1+8%)x(5+8")x(6+ 8%
c. (1x8)+(5x8)+6x8"
d. (1+8)x(5+8)x(6+38"

18. What is the value of the underlined positions of 0.4215 in term of equation after
being converted into Base10?
a. (4x8)+2x8"
b. (4+8%)x(2+8"
c. (4x8NH+(2x8?
d (“4+8)x(2+8"

19. What is the value of 75; after being converted into Base10?
a. 56

b. 61

c. 75

d. 96
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20. What is the value of 0.605 after being converted into Base10?

a. 048
b. 0.6
c. 0.625
d. 0.75
21. What is the value of the underlined position of 111,¢ after being converted into
Basel0?
a. 16
b. 32
c. 64
d. 256
22. What is the value of the underlined position of 0.1 after being converted into
Basel0?
a. 0.1
b. 0.16
c. 0.0625
d. 0.625
23. What are values of underlined positions of 110.11;6 after being converted into
Basel0?
a. 100 and 0.1
b. 16 and 0.05
c. 256 and 0.05
d. 256 and 0.0625

24. What has the same value as the underlined position of 111, after being converted
into Basel0?

a. 1x10?

b. 16x16x16
c. 16x3

d 64

25. What has the same value as the underlined position of 0.011, after being
converted into Base10?

a. 1x167?
b. 1/(16x16)
c. 16/1000
d. 0.001

26. What has the same values as the underlined positions of 55.8;¢ after being
converted into Base10?
a. 50and0.8
b. 50 and 8/(16)
c. 16x5and0.5
d. 16x5and 0.4
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27. What is the value of the underlined positions of 1451;6 in term of equation after
being converted into Base10?
e. (4x16)+5x16"+1x16%
f. (I1x16)x(5x16"x(4x16%
g. (4x16%)+(5x16%) +1x16")
h. (1+16%x(5+16% x(4+16")

28. What is the value of the underlined positions of 0.121;s in term of equation after
being converted into Base10?
a. (1x16")+2x16™"
b. 2x16%+(1x16™)
c. (I1x16M)+2x167)
d (1+16%)x2+167)

29. What is the value of 1234 after being converted into Base10?

a. 123

b. 135

c. 279

d. 291

30. What is the value of 0.88; after being converted into Base10?

a. 0.55

b. 0.60

c. 0.625

d. 0.75

Thank You Very Much For Your Participation
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A.5 : The Answer Sheet (Thai Version)

AszaEAInaudIuiunuunadaunisulastangiu

fa-ana sWasEA fuil

Fudvinuuuvesauy (Fui / Fau / fw.a.) lifnaviuuunaga i

Wawwsadunsvinuuuvesay valiguagaududiiazasiuta 1-4 WidaardasduauaIunsozadnuLas
(lsaamagaudn Afidvuaasluda 1, 2, 3 uay 4 Wasuduud? fiawnvindu 30)

1. Jusfuladigain deavdnu__ dia gnéiasfonua

2. Jwiulain deavdiuu_ dia gndiasvivnue

3. Julidaaiulail disaudwiu__ dia gadasnianiua

4, Juiinfdnudanvinfeivdu _ da

nsaniudydnuwal X avludia n, o, A, 9 -—---mmmm- vi3a 3 lunsdli‘lifididanlafuinsan
fruaen faen
Y f Y f 9 ? Y f ¥ | n 9 2
favue J[GERTE)

1 O[O ]TOC)]0) 16 O[O O)
2 OO 1O 0) 17 O[O O] O)
3 OO 1O 0) 18 O[O O)
4 OO 1O 0) 19 O[O O)
5 OO 1O O) 20 O[O O)
6 OO 1O 0) 21 O[O O)
7 OO 1O O) 22 O[O O)
8 OO 1O O) 23 O[O O)
9 OO 1O O) 24 O[O O)
10 OO 1Oy O) 25 O[O O)
11 OO 1Oy O) 26 O[O O)
12 )OO 0) 27 ) O[Oy O)
13 OO 1O 0) 28 O[O O)
14 OO 1O 0) 29 O[O O] O)
15 OO 1O 0) 30 O[O O)
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A.6 The Answer Sheet (English Version)

Answer Sheet for Number Conversion Test

Name/Surname: ID Year

Date of testing: (Day/Month/Year) Finish the test in minutes

After finishing the test, please fill in the blank areas of items 1-4 with numbers that
related to your real performance. (Please make sure that the addition of values in 1, 2, 3

and 4 equal 30)

1. I am very confident that items have been answered correctly

2. I am confident that items have been answered correctly

3. I am not very confident that items have been answered correctly
4. I know I have answered items incorrectly.

Please use the symbol ‘X’ in either A, B, C or D ------ or E in case that no choice is correct
fruaen faen
Y f Y f 3 2 Y f v | a | 9 2
fravve JGRIRTE)

1 O] OOy O 16 ) OO O] O
2 D] OO O 17 ) [O]O O] O
3 D] OO0 18 ) OO O] O
4 O] OO0 19 ) [OHO]O O] O
5 O] OO O) 20 ) [O]O O O
6 O] OO O) 21 ) OO O] O
7 D] OO O) 22 ) OO O] O
8 O] OO O) 23 ) [O]O O] O
9 )] OO O) 24 ) OO O O
10 O] OO O) 25 ) OO O
11 O OO0 26 ) O[O O)
12 D] OO O 27 ) OO O] O
13 O] OO O 28 ) OO O] O
14 D] OO O 29 ) [O]O O] O
15 O] OO0 30 ) OO O] O
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Appendix B

Paper-based design

and Example of How does it works

In Appendix B, firstly we introduced the composition details of GOLeM's paper-based
design in section B.1. This paper-based design consists of components as displayed in
Figure B.1 from A to I. More details of these A to I components are explained in B.1.1 to

B.1.9.

Secondly in section B.2, the illustration of how this GOLeM's paper-based design
works is given as an example. This section shows communication dialogue that group
members made during the group-test. Moreover focusing on the way that system updates
the group learner model relies on what the group perform — both group-test and

communication.

Finally the summary of the results and comments on the design are explained in
section B.3. These are concerned with how the majority group of learners performs and

what they want to see from the later version of the GOLeM.

B.1 Composition details of the paper-based design

As seen in Figure B.1, there are varieties of documents that are produced as a paper-based
tool for participants to do the test as a group of two. This tool consists of components A-I.
The detail of these components will be orderly introduced starting from A and finishing

with L.
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Figure B.1. The paper-based design of GOLeM

B.1.1 The detail of component A

This component contains five questions which are provided in this learning environment as

pre-test, group-test and post-test. Detail of these five questions is displayed below.

1. favlusiunisidadulazas 111, Wawdlaodusiuduudy Savindurin'ls?

32
64
100
512

R

2. sanluswnioidaiduldaas 101s Wawdaniugruduud fanvinduwinls?

1x10?
1x 82
1x 102
1x 8°

« > >
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3. sralusdunisngdadulsuas 702 Waulaiugrufuusr davinduwinls?

7%x10x 10
7+ (8% 8)
7% (8% 8)
7x 8

e > e >

4. dnaa 156 Wawdaailugruduudr fiseseduslaunsludala?

n. (1x8*)+ (5x8)+ (6% 0)
u. (I1x8%)+ (5x8")+ (6x1)
A, (1x8%)+ (5x8%)+ (6x8)
. (1+8*)x(5+8)x(6+1)

5. fuaa 75 Wawdasdlugruduud fewvinduwinla?

56
61
75
96

ede>

B.1.2 The detail of component B

This component contains three forms of answer sheets which are provided to participants
for pre-test, group-test, and post-test. Detail of these forms is displayed in section B.1.2.1 to

B.1.2.3.

B.1.2.1 Answer sheet for pre-test

AsEARAINAY dUTUHBaUTIEYAAA (AaUNTTEEUFINAY)

HDEVINNVTNATDL et
Aeay da 1. e, (n.-a.)....szﬁummﬁu‘h ....................... (1-10)
ARaY 148 2. .o, (1.-9.)...SERUAMMITUIR oo (1-10)
Aeay da 3. ..o, (1.=9.)...5ERUAMNTULR oo (1-10)
AeaY da 4. .oooeeeeee, (n.—a.)....szﬁummﬁu‘la ....................... (1-10)

AeaY 4a 5. ..o (.-0.)...5EFUAMNTUTLA oo (1-10)
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B.1.2.2 Answer sheet for group-test

a L I

AsEANEAIRAY &MFUETBausTINAY

HDEVINNNVTNATDL . e e oeee e e et
b AN Al b oL 1o TR

Aeay da 1. .o (A.=9.)....58FUAMNITUTA oo (1-10)
AL 4 2. e (n.-a.)....szﬁummﬁu‘h ....................... (1-10)
AeaY da 3. ..., (N.=9.)...5ERUAMMITUIR oo (1-10)
Aeay da 4. ..o, (1.-0.)...5ERUAMNTULA oo (1-10)
Aeay da 5. .o, (n.—a.)....szﬁummﬁu‘la ....................... (1-10)

B.1.2.3 Answer sheet for post-test

nszaEAInaY AuSuFGauUIaUAAA (MAINITITEUTIINAY)

PAFVIVATVTVARDU ..o e e e e e e eeee e e e e e e e e e eeeateeeeseeaneas

Aeay da 1. ..o, (1.-0.)...5ERUAMNTULA oo (1-10)
ALY 4 2. .o, (n.—a.)....szﬁum’mﬁu‘ia ....................... (1-10)
Aeay 4a 3. ... (1.-9.)....5ERUAMNITULR oo (1-10)
Aeay da 4. .oooeeeeeee, (n.-a.)....szﬁummﬁu‘h ....................... (1-10)
Aeay da 5. ..o, (N.-9.)...5ERUAMMITULR oo (1-10)

B.1.3 The detail of component C

This component contains specific information of number-conversion used to complete the

sentence which has utterances that contain '...". Detail of these sentences are displayed in

Table B.1
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Table B.1. Detail of using these five utterances with sentence openers that contain '...

B-5

1. siuniszassianidaduls aglusunion ] duannénu i AIANATLULRUFIU 5
el
2 a7 8
8 16
4
5
6
7
8
2. suntsrasdiauidaiduls agluduvied 1 Jduannéu e AAIANATLULRUFIY 9
favindy 2 an 8
8 16
16 4
-8 -8
2 |8 e | 167 | 16 5
2 2 8 2 -6 2 6
oo | 2 | ge | 8| 16 16 2
e 2° 8" 8° 16° 16° 8
o 2¢ g+ 8* 16™ 16*
o |2 g | 8| 16 | 1€
e 26 g2 8° 167 16°
o 2’ g 8’ 16" 167
o |2 g | 8] 1 | 1€

4. Lﬂ%adﬂll']ﬂm']dﬂfﬁmﬁ']aﬁlf

~

duedasvinediliddmiuauiae

aaluiia
senINviia

5. dAmay

ede>

&

Mug

agiav shaanudaiy | sygu 1

Y6 2

'.s..v.,ﬁu 9
3¥6u 10

(Audtasiuszau 1 da sham, 10 Aagedn )
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B.1.4 The detail of component D

This component contains information of incomplete sentences or utterances. There are 5
utterances introduced here used as complement to complete the sentence. Detail of these

sentences are displayed in Table B.2

Table B.2. Five utterances provided in paper-based version of GOLeM

siuniszasdanidaduls aglusumior ... Tuanndu ........... UAIANARLNLRY
Utterances 1

T e

Azavauiiag e uiied .............. duanndnu............. AIAANATLULRUFIU...........
Utterances2 | = |

fidnvindy ..........
Utterances 3 | §WSULRUFIY ...oceeeee. ANUDY e TEWVINAY
Utterances 4 | LATRIMINEVIARAAEAT ............. Hlwetasvainadlddmsuauae .............
Utterances 5 | dmaul ... fugnéiae draaudasiu ...

B.1.5 The detail of component E

This component contains sentences used by the system to intervene the conversation if

necessary. Detail of these sentences is displayed subsection B.1.5.1 to B.1.5.9.

B.1.5.1 If learners have both the same answers and degree of confidence, the
system will intervene with the sentence below

A1MAUARINIRAIAWUTAUAURD oo, uasiistduanuiuladimiiaudu asnnliivieg

ahgadunafiunasAnaudnuLas TAAUABUANNAIIUIRULD cooveeeeeeeeeeeeeeeeeeeen, nay

B.1.5.2 If learners have different answers but the same degree of confidence,
the system will intervene with the sentence below

AnauARITIRaIAUMIAUAD ........... TECA—. wafiszduanusiuladmiiaudu asnnlviieg

dreadunafiunuasdinaudnviiag TAEUAEUINAIHAUADY o.oeeveeeeeeeeeeeeeeeeee e nau

B.1.5.3 If learners have both different answers and degree of confidence, the
system will intervene with the sentence below
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B.1.5.4 If learners have the same answers but different degree of confidence,
the system will intervene with the sentence below

AnauARITIRaIAUUTaUAURD ..o usfisyduanusiulafiuansrefu asnnlvivieg

dreadunafunuasdinaudniiag TAEUAENINNAIHAUADY o.veeveeeeeeeeeeeeeeeeeeee e nau

B.1.5.5 If learners cannot come up with the group answer after having a long
conversation, the system will intervene with the sentence below

dnsuanuiuzasiduwasumsudl asnansui ddasidaniiiaedinauiderdviunau
aganadtdaneauluiale draszauanuiulavinls uaduann fay

B.1.5.6 If the group come up with the final answer, the system will confirm
their the answer with the sentence below

wnaau Wedanasiazaaudia ..................... G8AMUTUTRTEFU o Laviza'lai

B.1.5.7 If the system finds out those group members might have misconception
about particular concepts of 'number-conversion', it will suggest with the
sentence below

P

RNaunaUNI g lduantl aufy sTUuA1Ia I EEHUARRURUALITU . oot e e,

..... gorfu FeaennazuuninilddnwGasdonaninigu

B.1.5.8 The system asks the particular members whether they have the
anything to ask or not with this sentence

ATE T35 S fiagn1sazudasANNinaglsinduvialan

B.1.5.9 If learners have nothing to ask, the system will encourage them to
continue doing the group-test with this sentence

d'lifidanu wiatiadaslaavlsdnsuiatiudr wAldvindasaldduan d1fegasnaznsu
anussalunsBauiuuunudu iidangldndruuas student model MladaLazanl il
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B.1.6 The detail of component F and G

The component F contains 15 sentence openers which are used to start the sentence. The
rules of how to use sentence openers are introduced in component G. Detail of these

components F and G are displayed in Table B.3.

Table B.3: The details of sentence-openers and rules of using

Details of sentence openers Rules of using each sentence-opener

fdanfidanndasfuilseiaadunin (1)

5. duiushaduaa (R)

. L. 6. sulddasfulauddudain ... )
1. duniudaduaa (R) v a . .
7. JuLisGaiag duenin ... m
1. aahaadnafmduBas............... Widuiloniand (C)
13. AUANBAIHI e Tai'luin ? (A)

15. duiwinsunuldsu@asas Auininluu? (A)

fidanfisanndasiulsslaadunii (2)

1. Judiudafuaa (R)
5. duiusaduaar (R)
2. Tad/ enav/ gndal (R) 6. duwlidasmfulaussudain ... 0]
7. Subisdaciliae Swend ..., 0)
8. dudaiathofunwsgin ... n
1. aauthaadinadmfudac. . .......... Widuilonasd (C)
15. suiwininuldauEasas Audninluu? (A)
3. duliviuslafiuqa (D) fdanfidanndasfuilseiaadunin (3)

9. aauthaadnasainmiaslduududasnissnanind(y)
12. W landvandl ... ?(C)

%

fidanilganndasfulssiandrunii (4)

5. duiusaduaar (R)
6. dulidasfulausdudai ... 0
7. dwlisFaeiiiae Suweni ... 0

4. Mild /sienav / 8. Fudainadofunwsgin ... 0]

‘Lsigneiav (D) 9. amhaadnasdainmiasldluududasnissnanid(y)

10. dyaayasataaduligasnisazyaarlsludsadud ()
1. aauhaanaAmduEas. ... MWiduilonand (C)
12, W lanuivandl ... ?(C)
13. AAMNINEAMUT ., Ta'lun ? (A)

15. suiwinisnuldaudacas Audininluu? (A)
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Table B.3: The details of sentence-openers and rules of using (cont.)

Details of sentence openers Rules of using each sentence-opener

fidanfidanndasfnlsziaadunin (5,6,7,8)

5. Suniusaduaal (R) 1. Suviudraduqa (R)

6. Su'lirausiulausdsudada .... (1) 3. duliviushaduaat (D)

7. &ulidBasilias ueni ....... ()] 9. aauhaadunadadamianldvudugdasnissnanind(y)

8. Hudmdnadrviimwsizii ... (1) 10. Eraayasaadulidasnisazwaaylslussdud ()
1. aauthaadinadefuBag. ............ Widuilonand (C)
13. AMANNEANMUM .o, Ta'luu ? (A)

R L Mdanndanndasiuilssaadruniii (9)
9. aauhuadunusdadnuuaaleliu e e .
. . o Auuiuaanuaas (R)
dudasniszuinnini(y) e e
dubidaoiulawsdudaii ... (1)
()

10. dayaunaaatan 3ulisasnis fidaniisanndasiulsslaadunii (10)

2,

Sulisdaetiian dweni

aryaazlstusaduil () 14. aautiudmafudeiduldnanldudvdanlan? (A)

15. duwinmundasuEzasas dutininluu? (A)

. g e 4 N fdanfizanndasdusyTandunti (11)
11. aaahaasuanenAuizay......

o 5. Juwriudraduaa (R)

Auilvimiaad (C) e e
6. sSulddamiulausdudaii ... )
7. Sulisdacilian Swend ..., 0

12. wszuglanativénin ... ?(C) fidanfizanndasduilsylanduniin (12)
8. dudairashofuiwsgin .. 0

filanfidanndasfnlsyiaaduni (13)
2. ld/enad/ gndag (R)

4. "Lild / Bienas / Bignsiag (D)
fidaniidanndasinlsylaadunin (14)
2. 1u/enav/ gndad (R)

4. "hild / hisnas / hignsiae (D)
fidanfisanndasfuilsylanduniin (15)
2. ld/enad/ gndag (R)

4. "hild / Lienad / Lignéav (D)

13. aaunuaaui..... Td'luu ? (A)

14. aauniudafufisulanainll
wduzawlan? (A)

o ' o a
15. fuwinisudasuizasau
Audininluiu? (A)

B.1.7 The detail of component H and I

The components H and I are used to represent information of the group performance in
terms of IdealGLM and GLM. These components will be illustrated in an example of

section 5.2 in Chapter 5.
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Appendix C

Flowchart of 'GOLeM'

In Appendix C, we represent the processes of how this GOLeM works into twelve steps.

The details of processes in Step 1, 2 and 3 are displayed in Figure C.1. For Step 4, 5 and 6

the explanation of processes is displayed in Figure C.2. Figure C.3 represents the detail of

process in Step 7. Figure C.4 represents the detail of processes in Step 8, 9 and 10. Figure

C.5 represents the detail of processes in Step 11 and 12. The description of each step is

displayed in Table C.1

Table C.1. The descriptions of twelve steps of processes in GOLeM

Step Name Description
Step 1 Check validation of user who 'Login' to the system
Step 2 The system check availability of learner's pair
Step 3 The system matches learner's group performance to the specific type of question
P and later provides to learner.

A learner answers each question as a pre-test and states degree of confidence (do
Step 4 I .

until finished four question)

A learner chooses whether 'to see' or 'not to see' the group performance provided
Step 5

by the system.
Step 6 A learner continues to study as a group in the provided 'Group Learning Area’

The system provides 'the turn' for each learner in a specific time and allows them
Step 7 to use utterances to compose the sentence to communicate to each other until the

final solution has been made.
Step 8 The system calculates the score from each 'communicative interaction' made by

P learners and updates in the database for 'Student Model'

A learner answers each question as a group-test and states degree of confidence
Step 9 e A

(do until finished four question)

A learner chooses whether 'to see' or 'not to see' the group performance provided
Step 10

by the system.

A learner answers each question as a post-test and states degree of confidence
Step 11 N ’

(do until finished four question)

A learner chooses whether 'to see' or 'not to see' the group performance provided
Step 12

by the system.
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W4

[Step 1

Step 1: Check Validation of Use
who ‘Login’ to the system

Y

Step 2: The system check
availability of learner’s pair

Y

Step 3: The system match Learner’s
Group Performance to the specific
type of question and provide to
learners

Y

Step 4: A learner answers each
question as a Pre-test and states
degree of confident (do until finished
all 4 questions)

N

Step 5: A learner chooses whether to
see or not to see the group performance
provided by the system

Step 6: A learner continues to study as a Step 2
group in the provided ‘Group Learning Areal|

Y

Step 7: The system provide ‘the turn’ for each learner in

A learner enter
‘Username’ and
‘Password’

The username is
incorrect or invalid

If ‘Name’ is valid

The Password is
incorrect

If ‘Password’ is valid

a specific time and allow them to use utterances to Searching for a peer name and
compose the sentence to communicate to each othe| check login status
until the final solution is being made.

Y

Step 8: The system calculates score
from each ‘communicative interaction
made by learners and update in the
database for ‘Student Model’

7 I

Your friend not yet login
to the system, Please
wait

If login status
of peer =1

Step 9: A learner chooses whether| Step 3 o )
to see or not to see the group 1. Check by using the
performance provided by the The system search for score of average Group score (for no
system group performance and match a first time)
with the suitable type of question
%( for the group 2. If this a first time learning
start with base-8 left numbe
Step 10: The system checks of the decimal point
whether learners finished all four Jf
questions of the group-test 3. User average score, the
Display selected type of lowest score from the
4( question in the ‘Question Zone’ question type to find the
suitable task for the group
Step 11: A learner answers each
question as a Post-test and stateg -
degree of confident (do until finished
all 4 questions) Step 4: A learner answers each
Y question as a Pre-test and states
Step 12: A learner chooses whethef degree of confident (do until finished
to see or not to see the group all 4 questions)
performance provided by the
system

( Program Terminated )

Figure C.1. The flowchart for Step 1 to 3
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Y
Step 1: Check Validation of
User who ‘Login’ to the
system

Step 2: The system check
availability of learner’s pair

v

Step 3: The system match Learner’s
Group Performance to the specific
type of question and provide to
learners

Y

Step 4: A learner answers each
question as a Pre-test and states
degree of confident (do until finished
all 4 questions)

v

Step 5: A learner chooses whether to
see or not to see the group performance
provided by the system

Step 7: The system provide ‘the turn’ for each learner

a specific time and allow them to use utterances to

compose the sentence to communicate to each othe|
until the final solution is being made.

in

r

Y

Step 8: The system calculates score
from each ‘communicative interaction
made by learners and update in the
database for ‘Student Model’

Y

Step 9: A learner chooses whether|
to see or not to see the group
performance provided by the

system

1

Step 10: The system checks
whether learners finished all four
questions of the group-test

Step 11: A learner answers each
question as a Post-test and statesg
degree of confident (do until finished
all 4 questions)

Y
Step 12: A learner chooses whethe
to see or not to see the group
performance provided by the
system

T

Program Terminated

C )

Step 4

selected

The system Enable the zone
for learners to express degree|
of confident for each question

\/
‘Scroll bar’ is >
changed

v Yes

Enable buttons ‘Next’ and
‘Exit’ for learner to move on

f 'Ch

C-3

‘Next Button™Ts
clicked

Question No.
equal 4

A learner chooses whether to see o
not to see the group performance
provided by the system

‘Exit Button™
clicked

Exit Program

gtep 6

‘Next Button™i
clicked

‘Display Button
is clicked

The system retrieve information o
the group in the database and
display to learners (Summarised)

After learner closed the window displayed
group information, the system then provide:
‘Display More’ button

‘Display More™i
clicked

The system retrieve information of the|
group in the database and display to
learners (Summarised)

Figure C.2. The flowchart for Step 4 to 5
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Y
Step 1: Check Validation of
User who ‘Login’ to the
system

Step 2: The system check
availability of learner’s pair

v

Step 3: The system match Learner]
Group Performance to the specific
type of question and provide to
learners

i

Step 4: A learner answers each
question as a Pre-test and states
degree of confident (do until finished
all 4 questions)

o

Step 5: A learner chooses whether to
see or not to see the group performance
provided by the system

Y

Step 6: A learner continues to study as a
group in the provided ‘Group Learning Area

Step 8: The system calculates score

from each ‘communicative interaction’

made by learners and update in the
database for ‘Student Model’

Y

Step 9: A learner chooses whether|
to see or not to see the group
performance provided by the

system

Y

Step 10: The system checks
whether learners finished all four
questions of the group-test

Step 11: A learner answers each
question as a Post-test and states
degree of confident (do until finished
all 4 questions)

Y
Step 12: A learner chooses whether
to see or not to see the group
performance provided by the

system

Y

Program Terminated

C )

C-4

Step 7

To check whether this
‘Turn’ is for this learner or
his/her friend.

if turn =1, it’s learner’s tur
If turn =0, it's friend’s turn

Figure C.3. The flowchart for Step 7
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v The system will compare a
Step 1: Check Validation of composed sentence to the databasg
for the relevance and correctness

User who ‘Login’ to the
system

Keep this information in
the database as an
‘incorrect information’

Step 2: The system check
availability of learner's pair

v

Keep this information in
the database as an
‘Irrelevant information’

Step 3: The system match Leamner|s
Group Performance to the specific
type of question and provide to
learners
%( Calculate for the Score from the
Step 4: A learner answers each Previous history and this answer|
question as a Pre-test and states Q(
degree of confident (do until finished
all 4 questions) Update this score and other
Y relevant information in the
Step 5: A learner chooses whether to - CELEIEED €5 & ERvp et
see or not to see the group performance
provided by the system 7Step 9
A learner chooses whether to see o

n

not to see the ‘Real group

Step 6: A learner continues to study as a performance’ provided by the systen
group in the provided ‘Group Learning Areal
k
No

Y

Step 7: The system provide ‘the turn’ for each learner
a specific time and allow them to use utterances to
compose the sentence to communicate to each othe|
until the final solution is being made.
%( The system retrieve information o
the group in the database and
display to learners (Summarised)

Display Button™i
clicked

in
‘Next Button'Ti

clicked

Step 8: The system calculates score
from each ‘communicative interaction’

made by learners and update in the
database for ‘Student Model’
%( displayed group information, the
system then provided ‘Display
More’ button

Step 9: A learner chooses whether|
to see or not to see the group

After learner closed the window

performance provided by the
system A4
%( isplay More™i
clicked
Step 10: The system checks
whether learners finished all four
questions of the group-test The system retrieve information of the
——t—— group in the database and display to
learners (with explanation)

Step 11: A learner answers each
Increase question number

question as a Post-test and states
degree of confident (do until finished
all 4 questions) int |; i= i++; and start the loop|
Y from Step 7
b

Step 12: A learner chooses whethe
to see or not to see the group
performance provided by the

system
4{ Step 11: A learner answers each question as
. post-test and states degree of confidence
Program Terminated (do until finish all four questions)

Figure C.4. The flowchart for Step 8 to 10
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Y
Step 1: Check Validation of
User who ‘Login’ to the
system

Step 2: The system check
availability of learner’s pair

Step 3: The system match Learner’s
Group Performance to the specific|
type of question and provide to
learners

Y

Step 4: A learner answers each
question as a Pre-test and states
degree of confident (do until finished
all 4 questions)

v

Step 5: A learner chooses whether to
see or not to see the group performanc
provided by the system

Y

Step 6: A learner continues to study as a
group in the provided ‘Group Learning Areal

I

Step 7: The system provide ‘the turn’ for each learner |in
a specific time and allow them to use utterances to
compose the sentence to communicate to each othe|
until the final solution is being made.

¥

Step 8: The system calculates score

from each ‘communicative interaction’

made by learners and update in the
database for ‘Student Model’

Y

Step 9: A learner chooses whether
to see or not to see the group
performance provided by the

system

1

Step 10: The system checks
whether learners finished all four
questions of the group-test

Y

Step 11: A learner answers each
question as a Post-test and states
degree of confident (do until finished
all 4 questions)

Y
Step 12: A learner chooses whethef
to see or not to see the group
performance provided by the

system

gtep 1

The system Enable the zone for|
learners to express degree of
confident for each question

f ‘Scroll bar' is
changed

learner to move on

Enable buttons ‘Next’ and ‘Exit’ for

‘Next Button
clicked

Question No:is
equal 4

o Yes
Step 12

f ‘Exit Button’ i
clicked

Exit Program
No

provided by the system

A learner chooses whether to see ol
not to see the group performance

C-6

No

isplay Button:
clicked

The system retrieve information o
the group in the database and
display to learners (Summarised)

After learner closed the window displayed

group information, the system then
provided ‘Display More’ button

isplay More™i
clicked

The system retrieve information o]
the group in the database and
display to learners (Summarised)

Figure C.5. The flowchart for Step 11 and 12
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Appendix D

The User Manual of Using GOLeM

In Appendix D, the instruction of how to use GOLeM is explained in four steps: Stepl,
Step2, Step3 and Step 4 (See Figure D.land D.10). In order to see whether there is any
impact of seeing the GLM and Idea/GLM on an individual's knowledge improvement, we
then set two learning environments: Enviland Envi2. Only Envil allows learner to see their

learning performance as GLM and Ideal GLM.

First the fully detail of how GOLeM applies to Envil is explained, followed by the
detail of Envi2 which includes only details that defer from Envil.

In ordert to use the GOLeM, first of all, you run the program that is provided as an
icon on the screen. After that you will see the window screen as display in Figure D.1. Then

follow though Step 1 — Step 4, step by step.

= | et’s Enjoy doing Mumber-Based Converstion with you friend.

iswa el suns wanaman AFauFiimmvvnay (GLM waz Ideal GLM)
D (s

Hafjiiaw avan Stepl - . 100 Step3
. _ giamsi#lasunsu a0 wARiKEN15L s naY
GLILRD s | a0 Agaasiaw (dealGLM)
70 - -
Fadaiu 201} HagasAnLAn b2
B0 agwiaast IdealGLM

40

30

20

10

Stepz 0 3 AnisiBunwd
dal  $a2 a3 Had  HabH  fa6

wirdniseSaui

BAIUAGH

Amaudawmuia .y
" = Hadhaly

iz rdadsdszdiunnmdivla

o ] i S——
i laetge #Hulagadm

Figure D.1. The User Interface of GOLeM from the start
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D.1 Login to the System (Step1)

Wi sid walF Ty sunsy

Hag Fau gntén
i T
sEAfTH ViR |

ganslildswnss

Figure D.2. Login Area

In Figure D.2, there is a 'Login Area' which is used to check permission of the user
before allowing accessing a particular area of learning. In order to login to the system,

please follow step D.1.1 to D.1.4.

D.1.1 Type your provided username in the textbox of ‘Fefi5vu- and password in the

textbox of ‘s¥ar.

D.1.2 If you would like to clear information of username and password that you

already typed in, you can press button .,z | to clear textboxes.

D.1.3 If you would like to login to the system after already entering both username and

password, you can press button | #,.%4 | to login.

D.1.4 If you would like to learn more about how this program works, you can press

button for a playing instruction.

gFanstEldsnnss

D.2: Doing an Individual Pre-test (Step 2)

When you login to the system, the set of questions will be sent to you and your friend
according to your previous knowledge. A set of question consists of four question types
which respectively apply to six concepts. The questions will be provided automatically after
you have logged in (See Figure D.3). To answer these four questions, you should follow

step D.2.1to D.2.6
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van1a1H

1. daanludwsdedifisdul fues 1372 dlavdaniy
Langudunds deunidudiale

3% 108
3x 1B
3 x B4
Haxig

N

FEmaudaan R g | .
Haetatal

= - & e =
FRAM LTI LW B‘i.llx‘i‘ﬁ 'Sxﬁl‘iJ'FIT'INN"H-i'EI

:f‘ J 3 BEAANASEUY
# Lasiide #Hu Lagads

Figure D.3. Question Area

-

D.2.1 State your answer in the combo box #mauzasqmiia |

D.2.2 Scale your degree of confidence for each particular question on this scale bar
Viass b atlal sedrnamsiula

_ _;:l | 1;‘ (from most left (lowest = level 1) to most right
Hu Lagga Hu Lagagm

(highest = level 10) degree of confidence)

D.2.3 If you have finished the question and would like to continue to the next question,

you can press the button Badala ‘ Then the system will provide you the

next question.

D.2.4 If you would like to end what already has been done and exit the program, you

can press the button " to leave.

D.2.5 If you complete all questions, the button caption will be changed from Next

question' button Zadalal to 'Next Step' button Shaietled
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D.2.6 The system will check whether your friend
Yaour friend's skatus is |, Ready
has already finished the individual task before
providing you with an opportunity to see an
IdealGLM. If your friend already finished a Figure D.4. Ready status

task, the pop-up as seen in Figure D.4 is displayed.

D.3: Display the Group Performance (Step 3)

waRanan T ATsuIfHuivvengs (GLM waz IdealGLM)

sEEURIHAIHN S D[Rz wa]

100

a0 wARAEANTES 2 E U

a0 mrameaaw [dealGLAM]

70 - -

[=n]} waAmafaya iy Lia

50 afuiansiw ldealGLM

40

30 e = . m
LS Sau:

20 W AgH

10

] el sEdarinseEaul

Figure D.5. Display Group Performance Area

After you press the 'OK' button of Figure D.4, then the focus of the system is
moved to the area of 'Display Group Performance' which is displayed in Figure D.5. In this
area you can press the button either to see the /dealGLM or GLM depending on the task that
you perform, you can see Ideal GLM after you already perform the pre-test or post-test. The
GLM is available after performing each question of the group-test. In order to see the

Ideal GLM, please follow step D.3.1 to D.3.3.

D.3.1 If the button |m#nssranisisauiuus| is pressed, the system will provide information
gﬂq!m*aﬁau (dealGLM):

of IdealGLM which is defined as an expectation of the group performance from
individual performances. Information of the Ideal/GLM will be displayed as bar-

chart. Each bar stands for performance of each concept (See Figure D.6).
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STEURIIHATHIE [AZL1 ]
100
a0
an
il
B0
B0
40 -
a0 4
20 -
10 -
o -

el sedamnn s s
Figure D.6. The displayed of IdealGLM as a bar-chart

D.3.2 If you would like to have more explanation about the graph of IdealGLM above,

you can press button w#ssiiayaidisdis viia | Explanation of each graph will be
agaznsaw [dealGLM

displayed as an image below. While using the program, you can use the scroll bar

to see all information.

FIAHAASEE S e s B nndasae s:{uummmﬁﬂ hﬂ'ﬂm%ﬂgﬂb%&m%wﬁuﬁq B -~
e i b e gl
mse3auinaangs luudasdanudsrdadinis Saud dran udisl fa

1. g sadansinsda Al sedehierdainudng samen A auean s wdas sTenaln was
studurn Lgadias Tusediy wald[sefiumauainisn = 45n2uau

2. dwrsnaanein sk Aty sediEie s it gagEn R ML IS5 M EE srenala was
studunn Lagndias  Lusesiud[sedumamanansa = Blnzwus

Figure D.7. The displayed of IdealGLM in detail

D.3.3 When you press the button  tiigmsi3aus to continue learning as a group.
BAIITTEH

The caption that is displayed on button wAmanan sLEHu UL (display learning
gﬂq!maﬁau (IdealGLHM]:

performance as Ideal GLM) is changed to w#smssamsi3auzuuu | (display the learning
fawaza[GLM)
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performance as GLM), and  w#ssiiayavfisivfiss vila | (display more explanation of the
agurans W dealGLM

IdealGLM's graph) will be changed to w#ssliayasdisnéis via| (display more
agunansi GLM

explanation of the GLM's graph). After that the system will provide the

questionnaire to ask about performance of yourself and your group as display in

Figure D.8.
SEEY
1. amlsinagiayavasngsmuy dealGLM wFalsr? g " el
2. Aufiedt arwEwnsntumseaasatsiuaam s adlusedula? ﬂ |
[széia 18a eidgm was 10 Fagaya) —
3. Awfse _mmmmmsn'lumsuﬂ'aawﬁ§1uﬁanﬁ'auﬂm agluszsuin? | = | i
—d

[s2éru 17a ehga wax 10 Hagaga)

fmwmavrainmluta 1 fa "1 nsanaaunuudavaiwia 4-6
1 2 3 4 5

4, asldvBuliayanas [dealGLM fidvusdqaldnn

dssrdivnaisdmtsa bu s e iaasdiarasld L 2 L 2 :
5. avskéivFadiayaas [dealGlM fdvudaalfnu ~ ~ ~ ~
dssrdivnaisEmtsa bu sy au aaseiaw b ndu :
6. avshéiudiayanas [dealGlM fasudsalEnm

= e 'S % e .

dsE AR IINEHT ST a N Aan i se S auasa ke

1 =Whiiudoadnaga, 2 = Nifudis. 3 = hinit.
4 = ifiusite, 5 = ifudsadiada

Figure D.8. The questionnaire asking asking about seeing GLM and Ideal GLM

D.3.4 After finished filling the questionnaire (See Figure D.8), press the submit button
and the window of the group task which contain chat program (See Figure D.9).
The relevant question will be provided in the Question area (See Figure D.3) for the

group-test.
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w| Let's talk

To— | Close | vHandanrmenuaridia Lﬁa'a%ﬂwszfam'im%fnwnm|

Luns@itidviaw vansifdssnaudnaladaea . L8Ean dowdindssuinadaril fuslarmuysa

o Lo o . Lian
1. diavaal i rbad T dasmEnAdanEgu T fidndndy h 4

2. frasiaagustarsianaldann mssidaiasludussiafug sn ’—L| Furrilseaeinssatasiu \aan
o , Al Lian

3. dvwSuraagiu T Argaa | j firinda j 4

4 wrhwdnasnswalanaa s v bdmna s i L irawdadagdiims ]' vian

B fiavEan ]' viwdiagantinadias fharmandadisesiy ]' [seeiu 1 ebvam, szaiu 10 4aga) Vian

0 - sckClosed dadannwm | audarew

Figure D.9. The displayed of provided chat program with sentence openers

D.4: Group task and Chat with friends (Step 4)

w| | et's Enjoy doing Number-Based Converstion with you friend.

wigda welfanTisunsu wanaman 1 AFauEHauimmvvngy (GLM was IdealGLM)
SERURTINANIF [AERUY]
100
giiamsldlalsunsy S0 waAmaan S E awEh
an rgsa3alGLM]
7o e
Hafany [31] wansdayarfisndin via
50 aiuransi GLM
1. Awanlwinuwdetiedul dnas 1372 dandaailu 40 -
g uiunda dduidudale ki1 s . a
= o uﬂﬂmstsgvs
wauAgH
A 3x10° 10
g 3x16 0 perl st s s, b auE
A 3xB4 Hal  §a2 Ha3  dad  Hab  Fab
4. 3x8

FAeaudasnwAa .
g hd Fashaly

Viawunuiaded sesiunanasiula

_<1J J 1& BRARIASEUY
HHu Lagige 1 kagadn

i

= | et's talk

Conmect | Clase | Vaananusvaaniia Li'a'a!%ﬂaajs:fzm'im%’nﬂunm|

Tuasdfidiaw dansifialssaaudasiadmes . 16380 dmfisfaudmanaiai S s lanmaysal

. | o ol Vian
1. diavaa e nadafi T sasEmARanag e T diAnnfy hd 4

2. dnaasdranwdasninn léma nsddavag budmasadug i | fudlszdeu ke asiin vian
o . P vian
3. A Furangiu hd mim' j fiArdn iy | j 4

4 wakwEnasnswilanaag w1 bann s wsasdasdesntims ]' vian

B findan j‘ viwdianiansinndas sisanamsEasiesee ]' [szaiu 1ebrgm, seéiu 10 gage) VRan

0- sckClosed daflanaw | audanim

Figure D.10. The displayed for learning with friend for a group-test
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In Step4, only ‘Chat Area’ will be enabled for you to interact. The system will start

the conversation from what each member answers through the individual task. The system

then assigns the turn to one of the group members to start the conversation. At each time,

only one group member can compose one sentence and provide the relevant sentences to

the other member for the next move.

D.4.1 From the ‘Chat Area’, start the chat connection by assigning one member to press

on ¢

Listen’ button of Figure D.11 and the other member press on ‘Connect’button.

Lizten Connect | Cloze |

............................

Figure D.11. Chat Connection Buttons

D.4.2 If the connection is established, the one who is assigned the turn will select the

sentence from the provided 14 sentence openers to communicate with a friend.

After selecting the sentence in the combo box (See Figure D.12), you then press the

button —**27 | to continue.

- F H] - - u -~ -
LAENTFIIHE W LWﬂﬂiﬁﬂﬂsﬁiﬂﬂ’aﬂﬂﬁﬂﬂ%ﬂ%W j LEf

Figure D.12. A List of sentence openers

. duiudaaduna (I agree with you)

. 1d / ena9 (Yes/ OK)

. Su'liviudradune (I don’t agree with you)

. hilat / ienas (No)

. dusfulain..... (I believe that...)

. dulaidansfula ussudain.....( am not sure, but | think that...)

. SulaisiFaciiian usduia1in.....(1 don't know about this, but | guess that...)

. fuAnnadhotfuiwsgin..... (I think that because...)

© 00 N O 0o B~ WODN

. anahaadiunadadnndanle vy Sudasnisiananing (Please you could explain more, |
would like to know)

10. \igaauwasialnar su'bidasnisazwaaslsludlszidut (I don't want to talk about this at

all, please go on)

11. aauzheaginadaAuiFas.... Wisuilonana (Please explain me about ....)

12. wngwalaamuis@Aadi..... (Why do you think that...)

13. aaunanaanui..... 1n3aai? (Do you think that..., don’t you?)

14. Sunwrnsanuldauiasaasudiuu? (Shall we change the topic?)
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D.4.3 If sentence openers that you choose from Figure D.12 contain °...”, you will be asked
to complete these sentences with 5 options of utterances (utterancel — utterance5; See
Figure D.13) which we will call as complements. After completing your sentence,

LEan

please press to continue.

o " - - - VEan
1. @avenlwefwadad (D :l' ﬂaaqmﬂﬁuﬂmaﬂgﬂ@g FiFnria iy (;D :I'r 4

2 Arvasdinvanwsazsiani léinnn arssbdiavanlusihnnsdasduy :mF 3 o | uAmalssde ke adlu VEan

3 aiw%fmaﬁ@ ﬂ Arias |® j FiAt iy

= VEan
- & - - -
4, pradw Sz eamswalaaangr w1 b nm sdaRfidiuam Lz aansasdasriinns :l' LEan

B éandan | Sudadanfigadas doanasSadiusediu ' [5z&l Am, srar 10 gaga) VHan

@ Figure D.13. Utterances to complete Sentence openers

D.4.3.1 As display in Figure D.13, if utterancel is selected, there are 3 spaces that you
have to fill in. The detail of what you can fill in space A, B and C are displayed in
Table D.1.

Table D.1. Details of what can be filled in space A, B and C of utterancel

1 fTu'ldvnedine 2 2 anfilde -8 8 anfindv -8 16 anfinag -8
2 du'ldnedhe 8 2 anddy -7 8 anmay -7 16 anA1d9 -7
3 Wu'ldmedine 16 2 anfilde -6 8 anfindv -6 16 anfinag -6
4 ffu'ldwnnedie 2 andldy -5 8 anmay -5 16 anA1d9 -5
5 Wu'ldneding 2 anfinde -4 8 anfild -4 16 anfinag -4
6 Mu'ldmedne 2 andldy -3 8 anmay -3 16 anA1d9 -3
7 du'ldneding 2 anindy -2 8 anfnay -2 16 anfinag -2
8 "u'lunedihe 2 andl&y -1 8 anf&y -1 16 anA1d9 -1
1 uldviean 2 anfndy 0 8 anfilde 0 16 a1y 0
2 duldmean 2 and&9 1 8 anfnady 1 16 anA1dg 1
3 duldvean 2 anfindy 2 8 anfildy 2 16 anfag 2
4 ffu'ldmean 2 anidy 3 8 anfnde 3 16 anA1d9 3
5 Wuldnean 2 anfindy 4 8 anfilay 4 16 andag 4
6 duldnieun 2 anidy 5 8 anfndy 5 16 anAi1dY 5
7 duldmeun 2 anfindy 6 8 anfildy 6 16 anfiag 6
8 Muldmeun 2 andy 7 8 anfnde 7 16 unA1dy 7

2 anfindy 8 8 anfildy 8 16 anfi1dy 8
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D.4.3.2 As display in Figure D.13, if utterance? 1is selected, there is one space that
you have to fill in. The detail of what you can fill in space D are displayed in
Table D.2.

Table D.2. Details of what can be filled in space D and H of utterance2 and utterance4

Q@ =@

uIn (+)

au (-)
A (x)
w5 (/)

D.4.3.3 As display in Figure D.13, if utterance3 is selected, there are 3 spaces that
you have to fill in. The detail of what you can fill in space E, F and G are
displayed in Table D.3 and D.4.

Table D.3. Details of what can be filled in space E and F of utferance3

2 2 anfilde -8 2 anfindy -8 2 anidy 0 8anide 0 | 16 anfidy -8 | 16 anfiay 0
2 anfinae -7 2 anfinay -7 2 aniay 1 8 anfRy 1 16 anfi1de -7 | 16 aniag 1

16 2 anfilde -6 2 anfinady -6 2 anfindy 2 8anide 2 | 16 anfidy -6 | 16 anfiag 2
2 anfinay -5 2 anfinay -5 2 aniay 3 8anidy 3 | 16 anfde -5 | 16 and1de 3

2 anfinde -4 2 anfindy -4 2 anidy 4 8anide 4 | 16 anfidy -4 | 16 anfiag 4

2 anfinav -3 2 anfinay -3 2 aniay 5 8anidy 5 | 16 anAlde -3 | 16 and1dg 5

2 anfinde -2 2 anfindy -2 2 anfildy 6 8anide 6 | 16 anfidg -2 | 16 anfindy 6

2 anfinay -1 2 anfinay -1 2 aniay 7 ganidy 7 | 16 andde -1 | 16 and1de 7

2 anfildy 8 8 anfildy 8 16 anfindy 8

D.4.3.4 As display in Figure D.13, if utterance4 is selected, there is one space that you
have to fill in. The detail of what you can fill in space H are displayed in Table
D.2.

D.4.3.5 As display in Figure D.13, if utterance’ is selected, there is two spaces that
you have to fill in. The detail of what you can fill in space I and J are displayed in

Table D.5.
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Table D.4. Details of what can be filled in space G of utterance3

@

2

2x2
2x3
2x4
2x5
2x6
2x7
2x8

11 2 gasmunnauiy
11 2 fudungadu
1 2 @sungadu
11 2 ¥indungaiu
11 2 nndungaiu
11 2 1iadungaiy

11 2 wladunpadu

1/2

11 (1/2) gavdrungaiu
11 (1/2) @iy
1 (1/2) fnaauiu
11 (1/2) idungady
11 (1/2) nadunaaiy
11 (1/2) WSadunaaiu
11 (1/2) wdadunaadu

11 (1/2) &avdrunuindiu
11 (1/2) &usunndu
1 (1/2) &fanundu
11 (1/2) vidunndu
11 (1/2) nadununduy
11 (1/2) W§adaunundu

11 (1/2) wdadhunundu

8x1
8x2

8x3
8x4
8x5
8x6
8x7
8x8

11 8 gavdrungaiu
11 8 fudnpaiu
1 8 &fungaudu
11 8 vidungafu
11 8 wnaIuAMiY
11 8 1iasanpaiu

11 8 wlasunpmAu

1/8

11 (1/8) &aveungaiu
11 (1/8) &udungaiu
11 (1/8) &funaauiu
11 (1/8) ¥iadungaiu
11 (1/8) nashugaLiy
11 (1/8) liadiunaaiu

11 (1/8) wlasunpadu

11 (1/8) &aveunuindu
11 (1/8) &udunundu
11 (1/8) &funuindu
11 (1/8) ¥indunundu
11 (1/8) nadunuindu
11 (1/8) liadnNndu

11 (1/8) wlasunundu

16x1
16x2
16x3
16x4

16x5
16x6
16x7
16x8

101 16 &avungauiy
11 16 fusungauiu
11 16 &fngauiu
11 16 ¥indunpaiu
11 16 nndungaiy
11 16 13asunaadiu

11 16 wladunpauiu

1/16
11 (1/16) gasdrungaiu

11 (1/16) &udungaiu

11 (1/16) Edungadu

(

(

(
11 (1/16) vidanaadu
11 (1/16) nadunaudiu
(
(

11 (1/16) iadnnaaudy

11 (1/16) wladiugauiu

11 (1/16) &adrunndu

11 (1/16) &udunuIndu

11 (1/16) duundu

11 (1/16) nadunundu

Ul

(
(
(

11 (1/16) viasunundu
(
(1/16) iasnuindu
(

11 (1/16) wladruundu

o
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Table D.5. Details of what can be filled in space I and J of utterance5

a (A) 1 6
u (B) 2 7
A (C) 3 8
3 (D) 4 9

5 10

D.4.4 The sentence that you composed will be sent to the compose text area. You can

choose either to send that message to your friend by pressing .= | or delete

the message and compose the new one by pressing .y zqzw |-

D.4.5 The dialogue will be terminated for each question only when group members
agree with the answer and degree of confidence that the other one proposed. In
other words, when one member proposed sentence which contains utterance5 and

another one choose to agree on that sentence then the system will provide the

GLM and prepare to provide a next question.

1. A ldnagdayasasnguuuy GLM #3alal? Cilz O ldls
2 Hayavasngsuuy GLM fdudaaluaisiiau Snuundunaly? gm0 lalgaw
3 fdhmaudia 2 dasnada Boa' Tsnfdessdiunauda e wiad GLM || =

sidanmlun el (s28u 183 dhge was 10 fagedn)

Figure D.14. The questionnaires asking for the perceive of GLM

After participants do the group-test, they do the similar test individually as a post-
test. Then the system is terminated. For learner who participate in Envi2 rather than Envil,
the system will automatically skip Step 3 and D.4.5 for the part dealing with /dealGLM and
GLM.
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E-1

Appendix E

Summary of the Testing Results

In Appendix E, we provide further information of summary of the testing results. The

results of how learners perform in five questions of paper-based test are displayed in

section E.1. The description of table's headings are defined in Table E.1. The results of how

learners perform in four questions of computer-based test compare between Envil and

Envi2 are displayed in section E.2. This section firstly provide description of table's

headings are defined in Table E.2 and followed by details of computer-based results. In

section E.3, the details of dialogue pattern of 21 cases that the group members contribute to

each other during the group-test are provided.

E.1 Summary of the 'paper-based’ results.

Table E.1. The descriptions of paper-based results' table heading.

Title

Descriptions

Question number

The question number (1-5)

Pair number

A number that is used to specify groups of learners (pair 1-6)

Correction

The correction of each question item as a group result

Score

The value to show how well the group performs for each particular question item.
(from 0 to 10)

Agreement on group
answer

The value to show that the final result of each group comes from what they totally
agree(A) or not agree but only just want to finish the question (D).

Knowledge contribution

To show whether there is any knowledge contributed while members of the group
talk to each other via the provided chat area. (Y for Yes, and N for No)

No. of knowledges

Number of knowledge that was contributed for each question item while learning as
a group of two.

No. of misconception

Number of misconception that were contributed for each question item while
learning as a group of two.

Similarity of answer (group
vs. individual)

The value to show that before learning as a group, each member answers the same
result or not.

Similarity of individual
answers

Compare the final result to the answer that each member has before doing as a
group, is it still in one of the answers?

Details of contributed
knowledge

Details of what learners contribute as knowledge
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Table E.2. Paper-based results of Question!
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(5) | believe that ... (2) The value of number in the 3™
1 x 1 DY |1 2 Diff | No |position from the left side of the base8 decimal point
is equal 82.
(5) | believe that ... (2) The value of number in the 3™
position from the left side of the base8 decimal point
is equal 82
2 v 10 |A|Y ]| 2| 1 Diff | Yes
(3) | don’t agree with you that (2) The value of number
in the 3" position from the left side of the base8
decimal point is equal 8°.
3| W 6 |A|N| O| 1 |Same| Yes |-
(6) | am not sure but | think... (1) The number at the
1 underlined position is in the 3™ position from the left
side of the base8 decimal point.
4 v 8 |A|lY| 2|0 Diff | Yes
(5) | belief that...(2) The value of number in the 3™
position from the left side of the base8 decimal point
is equal 82
(5) | belief that...(2) The value of number in the 3
position from the left side of the base8 decimal point
H 2
5| v |10 |A Y| 2] 0| Diff | Yes |'S€qual&.
(5) | belief that... (4) Operator x is being used for
calculating value within each bit.
6 | Y| 1 |D|N|O/| O/ Diff | No |
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Table E.3. Paper-based results of Question?2

Question number

Pair number

Correction (V or x)

Score

Agreement on group answer

Knowledge contribution (Y, N)

No. Of knowledge

No. Of misconception

Similarity of answer(group vs.
individual)

Similarity of individual answer

Details of contributed
knowledge

>

-<

(]
QO
3
o

&
(2]

(5) | belief that...(2) The value of number in the 3
position from the left side of the base8 decimal point
is equal 82

Same

Yes

(8) I think that because ... (2) The value of number in
the 3™ position from the left side of the base8 decimal
point is equal 82?

Diff

Yes

(7) 1 don’t know about this but | guess that... (1) The
number at the underlined position is in the 3™ position
from the left side of the base8 decimal point.

(6) | am not sure but I think... (3) For base8 number,
the value of 82 is equal 8x8x8.

Diff

Yes

(6) | am not sure but | think... (2) The value of number
in the 3" position from the left side of the base8
decimal point is equal 8%

10

Same

Yes

(5) | believe that ... (1) The number at the underlined
position is in the 3™ position

(5) | believe that ... (2) The value of number in the 3™
position from the left side of the base8 decimal point
is equal 82

10

diff

Yes

(6) | am not sure but I think... (2) The value of number
in the 3" position from the left side of the base8
decimal point is equal 8%

(8) I think that because ... (1) The number at the
underlined position is in the 3™ position from the left
side of the base8 decimal point.
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Table E.4. Paper-based results of Question3

EE| |, |5 |
0 |~ [= = 2 ©
— ? < c Q K] g (] 2
[ ®© | o o) | = —_ S
2 | o ° 2|5 |8 | T D © )
E 32 3122 |8 |55 |3 £8
5 Z | |92 1T | S |2 =R
E|E |2 S 5|8 |2 |3 23 | 2 oo
s|/2 5§ |8 |s|5 | |2 |83 |2 °3
o o = N o at © = = = 0
s | = © e |9 e |E |&T = ° e
17} © P c | o O |« o £ o n <
s |* |5 212 5|9 |2 |2 =
G S §¢2|s |85 % 3
o g z |2 i o
=) £ £
<< » | @
(8) I think that because ....(1) The number at the
1 N 10 |A|Y | 1 0 | Same| Yes |underlined position is in the 3™ position from the left
side of the base8 decimal point?
(11) Could you please explain me about ... (1) The
number at the underlined position is in the 3™ position
from the left side of the base8 decimal point?
2 N 9 AlY |3 0 | Same | No |[(8) I think that because ... (3) For base8 number, the
value of 82 is equal 8x8.
(5) | belief that... (4) Operator x is being used for
calculating value within each bit.
(6) 1 am not sure but | think... (3) For base8 number,
the value of 8° is equal 1.
31 3| x| 1 |D|Y]| 2| 3| Diff | No
(6) 1 am not sure but | think... (3) For base8 number,
the value of 8% is equal 8x8x8.
(6) I am not sure but | think... 2) The value of number
4 N 7 |A|Y |1 0 Diff | No |in the 3" position from the left side of the base8
decimal point is equal 8*
5| N |10 |A|N|O| O |Same| Yes |-
(5) | believe that... (2) The value of number in the 3"
position from the left side of the base8 decimal point
is equal 82.
6 | V| 10 |A|Y | 2| 0| Diff |Yes
(8) I think that because ... (1) The number at the
underlined position is in the 3" position from the left
side of the base8 decimal point.
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Table E.5. Paper-based results of Question4 and Question$
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(5) I believe that ... (3) For base8 number, the value of
1 N |10 |A|Y | 1| 0 |Same| Yes 8%is equal 1.
2 8 |[A|N| O | O |Same]| Yes |-
(6) I am not sure but | think... (1) The number at the
3 x 1 AlY | 1 1 Diff | Yes |underlined position is in the 1% position from the left
side of the base8 decimal point.
(5) | belief that... (3) For base8 number, the value of 8*
4 is equal 8x8.
4 v 7 |AlY| 2|0 Diff | Yes
(6) 1 am not sure but | think...(3) For base8 number,
the value of 8° is equal 1.
(5) | believe that ... (2) The value of number in the 3™
5 v 10 |A|Y | 1 0 Diff | Yes |position from the left side of the base8 decimal point
is equal 82
6 x O |AIN|]O| O Diff | Yes |-
1 v 10 |[D|N| O | 1 Diff | Yes |-
(5) | believe that (3) For base8 number, the value of 8"
is equal 8.
(5) | believe that (3) For base8 number, the value of 8%
is equal 1.
2 v 10 |A|lY | 4|1 Diff | Yes
(5) | belief that... (4) Operator x is being used for
calculating value within each bit.
(5) | belief that... (4) Operator * is being used for
calculating value between each bit.
3 N 1 Aly | 1 1 | same | Yes (8) I think that because ... (3) For base8 number, the
value of 8" is equal 1/8.
S (7) | don’t know about this but | guess...(3) For base8
number, the value of 8' is equal 8.
4 N 10 AlY] 3 1 Diff | Yes (5) | belief that... (4) Operator x is being used for
calculating value within each bit.
(5) | belief that... (4) Operator * is being used for
calculating value between each bit.
(5) | belief that...(3) For base8 number, the value of 8"
is equal 1.
5| N |10 |A|Y| 2| 0 |Same| Yes
(5) | belief that...(3) For base8 number, the value of 8'-
is equal 8.
6 N 10 ALY 1 0 Diff | Yes 8) ! thlnk;[hat because ... (3) For base8 number, the
value of 8’ is equal 1.
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E.2.1 Computer-based results of Questionl

Table E.6. Computer-based results of Question

.g cl x| | > 5 g 5 o | o
% Conversation Pattern g ET § ; “;: g E 3 g s 58 =
o E|l¢|lo|2 55 S £ 8198 |N| B
G Ela x| g|8|E 2 |g| 7 2|2
o il

A1 |51 No 7/ 10/S |D |S |S-S-C |C 10) 1 0l 3
A2 |53,-,1 No 0l 7/ |[D |S |sSC |C 8| 1 0l A 1,8
A3 (5,1 No 6/ 10/S |[D |S |S-S-C |C 10) 1 0l 1 4
A4 |51 No 10/ 10| S |S |S |S-S-C |C 10] 1 0l 0**

A5 |5,1 No 0/ 10D |D |S |D-S-C |C 10, 1 0|1l 10
A6 |5,1 No 10/ 10| S |S |S |S-S-C |C 10) 1 0l o**

A7 |51 No 5/ 10/S |[D |S |S-S-C |C 10) 1 0l 5
A8 (5,1 No 10/ 10| S |S |S |S-S-C |C 10) 1 0l o**

B1 |5,1,7,10,1,10,7,14,2,5,1 Yes 0| 0/S |[D |S |SS-lc |IC 0 O 51 o*

B2 |5,1,5,1,5,5,1 Yes 8/ 10/S |D |S |S-S-C |C 70 3 1B -1
B3 |[5,1 No 9/ 10/S |[D |S |S-S-C |C 9| 1 0|1 1
B4 (51 No 0|l 9D |[D |D |D-D-lc |IC 0 O 101 o*

B5 |5,1 No 7/ 8S |D |S |sSC |C 8| 1 0l 1 1
B6 |5,1,9,-,10,6,5,1 Yes 7/ 10/S |D |S |S-SC |C 9] 2 101 2
C1 16,551 Yes 0| 0/S |D |D |S-D-lc |IC o 1 201 o*

C2 |51 No 5/ 10/S |D |S |S-S-C |C 10) 1 0l 1 5
C3 |7,3,9,5,1,5,1,5,1 Yes 0l 4D |D |S |DSC |C 5/ 4 1A 1,5
C4 |5,3,9,6,3,10,5,1 Yes 0/ 0D |D |S |D-S-lc |IC 0] O 3|1 o*

D1 |5,1,5,1 No 10, 10/S |S |S |S-s-C |C 10, 1 0l o**
D2 |5,3,10,5,3,9,5,1 Yes 6/ 10/S |[D |S |s-S-C |C 8 2 101 2
D3 |5,1 No 7/ 8S |D |S |s-SC |C 8| 1 0l 1
D4 |5,1 No 7/ 8S |D |S |SSC |C 8| 1 0l 1
E1 |51 No 8/ 10/S |[D |S |s-S-C |C 9| 1 0l 1
E2 |51 No 0/ 10D |D |S |D-S-C |C 10, 1 0|1l 10
E3 |5,1 No 7/ 8 S |D |S |S-SsC |C 8 1 0|1 1
E4 |51 No 71 7/ |S |S |s-Ss-C |C 8| 1 0l A 1
F1 |5,1 No 5 9/S |[D |S |sSC |C 5[ 1 0l 1 0
F2 |5,1 No 7/ 8 S |D |S |S-SsC |C 70 1 0l 0
F3 |51 No 0/ 4D |D |S |DSC |C 5 1 0|A 1,5
F4 15,9,5,9,5,1 Yes 0| 7/D |D |S |D-S-C |C 8 1 0A 1,8

Note

0* means there is no difference between 'Score' and 'Pre-Min' because both learners cannot answer
the test correctly for both pre-test and group-test.

0** means there is no difference between 'Score' and 'Pre-Min' because both learners have highest
score as individual in pre-test and group-test.
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E.2.2 Computer-based results of Question2

Table E.7. Computer-based results of Question2

o Sl T 7 3 £ 8|, o0
§ Conversation Pattern r§ E E = ‘; £ '; E :_5, '5| '6I & E
& £ 58 58 388 E g § 222"
8 = = (G} o
A1 |51 No 71 100 |[D |§ |8-8-C|C 10, 1| 0]l 3
A2 |51 No 9 9|S |S |S§ |SSC|C 8 1 0B 1
A3 |51 No 10 10/ |S§ |S |S-8-C |C 10 1| O]l 0**
A4 |51 No 10 10/ |S§ |S |S-8-C|C 10 1| 0O}l 0**
A5 |51 No 7 100 |D |8 |D-S-C|C 10, 1| 0]l 3
A6 |51 No 10, 10/S |S |S |S-8-C|C 10, 1| 0]l 0**
A7 |51 No 5 10/S |bD |§ [8SC|C 10 1| 0O}l 5
A8 |51 No 9, 10|S |b |§ [s-SC|C 10 1| 0O}l 1
B1 |7,1,511,7,1,7,1,7,1,5,1 Yes 0 4D |D |S§ |D-SC|C 4, 0] 2]l 4
B2 |5,1 No 8 10/S |D |S§ |8-8-C|C 10, 1| 0]l 2
B3 |5,1 No 9, 100 |[D |8 |s-8-C|C 9 1| o0fl 0
B4 |5,1 No 9, 100 |[D |8 |s-8-C|C 8 1 0B -1
B5 |0,7,1,5,1 Yes 8 9b |D |8 |SSC|C 8 1| 0]l 0
B6 |5,3,5,1 Yes 0/ 10/S |b |s |[D-s-C|C 10 1| O}l 10
C1 |5,3,10,5,5,1 Yes 8 10/S |[D |8 |8-8C|C 10, 1| O]l 2
C2 |51 No 5 10/S |[D |§ |8-8-C|C 10, 1| O]l 5
C3 |51 No 2 58 |D |8 |SS-C|C 71 1 O0JA 2,5
C4 |51 No 0 0|S |S |8 |S-S-c|IC 0 of 1]l 0*
D1 |51 No o, 100D |8 |8 |8-8-C|C 10, 1| 0]l 10
D2 |51 No 6/ 100 |[D |8 |8-8-C|C 8 1| O0fl 2
D3 |5,1 No 7 718 |S |8 |S§-S-C|C 8 1/ O0JA 1
D4 |51 No 7 718 |S |8 |S§-S-C|C 8 1/ O0JA 1
E1 |51 No 9, 100 |D |§ |8-8-C|C 9 1] 0fl 9
E2 |51 No o, 1000 |[D |S |D-S-C|C 10, 1| 0]l 10
E3 |5,1 No 7 8Ss |[D |S§ |SSC|C 8 1| 0fl 1
E4 |51 No 7 718 |S |S§ |SSC|C 8 1| OlA 1
F1 |51 No 9, 10|S |b |S§ [8-SC|C 10 1| 0O}l 1
F2 |51 No 6 8s |D |8 |SS-C|C 5 1] 0/B -1
F3 |7,3,9,5,1 Yes 0 0|S |D |S |S-S-c|IC 0| 0] 2fI 0~
F4 |51 No 0 0|S |D |S |S-S-c|IC 0 0] 1l 0~
Note

0* means there is no difference between 'Score' and 'Pre-Min' because both learners cannot answer
the test correctly for both pre-test and group-test.

0** means there is no difference between 'Score' and Pre-Min' because both learners have highest
score as individual in pre-test and group-test.
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E.2.3 Computer-based results of Question3

Table E.8. Computer-based results of Question3

-E x| | > 5 a s 7)
s : 3 E g x X2 & |35 g o -
8 Conversation Pattern T é é % *5- % g. g 3 oo % ﬁ a

€ | a| 5| 0| o0lc e o z | 2

8 = = o o
A1 |51 No 0| 8/ |[D |S |D-Ss-C|C 9/ 1| O0JA 1,9
A2 |51 No 7/ 8|S |[D |S [S-S-C|C 70 1) 0]l 0
A3 |51 No 10| 10|S |S |S |[S-S-C |C 10 1| O]l 0**
A4 |51 No 10| 10|S |S |S |[S-S-C |C 10 1| O]l 0*
A5 |51 No 7/ 10|S |[D |S [S-S-C |C 10/ 1| 0]l 3
A6 |5,1 No 10| 10|S |S |S |[S-S-C |C 10/ 1| 0]l 0**
A7 |51 No 7/ 8/S |[bD |S [S-S-C|C 71 1) 0]l 0
A8 |51 No 9/ 9/S |[D |D |S-D-lc|IC 0o 0] 1B (-9)
B1 (9,6,13,2,5,1,5,1,5,1 Yes 0| 0|S |[D |S |S-S-Ic|IC 0] 3| 2]l 0*
B2 (51 No 8/ 10|S |[D |S |S-S-C|C 10 1| 0]l
B3 (51 No 9| 10|S |[D |S |S-s-C|C 9 1| 0]l
B4 (51 No 0l 9/bD |[D |S |Db-s-C|C 8/ 1| 0]l
B5 (51 No 8/ 10|S |D |D |S-D-lc|IC 0| 0] 1B (-8)
B6 (5,1 No 6/ 8|S |[D |S |S-S-C|C 10/ 1| O/A |24
C1 16,551 Yes 0|/ 0|S |[D |D |S-D-lc|IC o 1 2]l 0*
C2 |51 No 5/ 10|S |[D |S [S-S-C |C 10/ 1| 0]l 5
C3 17,3,9,5,1,5,1,5,1 Yes 0| 4D |[D |S |D-S-C|C 5 4 1A |[15
C4 15,3,9,6,3,10,5,1 Yes 0| O0|D |D |S |D-S-lc|IC 0| 0 3]l 0~
D1 |5,1,51 No 10| 10|S |S |S |[S-S-C |C 10 1| 0]l 0**
D2 |5,3,10,5,3,9,5,1 Yes 6| 10|S |[D |S |S-S-C |C 8 2| 1]l 2
D3 |5,1 No 7\ 8S |D |S |S-S-C|C 8 1, Ol 1
D4 |51 No 7\ 8S |D |S |S-S-C|C 8 1| 0]l 1
E1 |51 No 8/ 10|S |[D |S |S-S-C |C 9 1| 0]l 1
E2 |51 No 0| 10|D |D |S |D-S-C|C 10 1| 0]l 10
E3 |51 No 7/ 8|S |[D |S [S-S-C|C 8/ 1| 0]l 1
E4 |51 No 7/ 7/S |S |S [S-S-C|C 8/ 1] O0|A 1
F1 |51 No 5/ 9/S |[b |S [S-S-C |C 5 1) 0]l 0
F2 |51 No 7/ 8/S |[bD |S [S-S-C|C 71 1) 0]l 0
F3 |5,1 No 0| 4D |[D |S |Db-Ss-C|C 5/ 1] O0|A |15
F4 |5,9,5,9,5,1 Yes of 7/b |[D |S |Db-Ss-C|C 8/ 1/ O0|/A |18

Note

0* means there is no difference between 'Score' and 'Pre-Min' because both learners cannot answer
the test correctly for both pre-test and group-test.

0** means there is no difference between 'Score' and Pre-Min' because both learners have highest
score as individual in pre-test and group-test.
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E.2.4 Computer-based results of Question4
Table E.9. Computer-based results of Question4
S = o c
o | S| €18 E(F|3 51229 3al.
g Conversation Pattern T ,ﬂ'_> é ; ‘-g % g. g 3 oo oo ﬁ a
5 S 5| ©| o € o o z |z
o £ o |9
A1 |51 No 9/ 10D D |S S-S-C |[C 9 1 0|1 1
A2 |51 No 10| 10|S S |S S-S-C |[C 10 1 o1 |0*
A3 |51 No 10| 10(S S |S S-S-C |C 10, 1 o1 |0*
A4 |51 No 10| 10(S S |S S-S-C |C 10, 1 o1 |0*
A5 |51 No 7| 10|S D |S S-S-C |[C 10 1 0|1 3
A6 |51 No 10| 10(S S |S S-S-C |C 10 1 o1 |0*
A7 |51 No 8| 10|S S |S S-S-C |C 10, 1 0|1 2
A8 |51 No 9| 10|S D |S S-S-C |C 10, 1 0|1 1
B1 |6,-,13,2,6,1,11,5,1,5,3,10,5,1 Yes 0 0[S D |[S S-S-C |IC 0o 3 31 |0*
B2 |51 No 8| 10|S D |[S S-S-C |C 10 1 0|1 2
B3 |51 No 9/ 10|S D |S S-S-C |C 9 1 0|1 0
B4 |51 No 0| 9D D |S D-S-C |C 8 1 0|1 8
B5 |5,1 No 8| 10|S D |S S-S-C |C 8 1 0|1 0
B6 |5,1 No 6| 10|S D |S S-S-C |C 10, 1 0|1 4
C1 |51 No 5/ 8|S D |S S-S-C |[C 10 1 0lA |25
C2 |51 No 8| 10|S D |S S-S-C |[C 10 1 0|1 2
C3 |51 No 4| 7|S D |S S-S-C |C 6| 1 0l A 2
C4 |51 No 0 0|S S |S S-D-C |C 5 1 0|1 5
D1 |51 No 5/ 10|S D |D S-S-C |C 10 1 0|1 5
D2 |51 No 6| 10|S D |S S-S-C |[C 8 1 0|1 2
D3 |51 No 7\ 7|S S |S S-S-C |C 8 1 0 A 1
D4 |51 No 7\ 7|S S |S S-S-C |C 8 1 0 A 1
E1 |51 No 9/ 10|S D |D S-D-lc |IC 10, O 1 B |(-9)*
E2 |51 No 0| 10D D |S D-S-lc [IC 10, O 111 (0O*
E3 |51 No 7| 8|S D |S S-S-C |[C 8 1 0|1
E4 |51 No 0| 8D D |S D-S-C |C 8 1 0|1
F1 15,1 No 9, 9|S S |S S-S-C |C 9 1 0|1
F2 15,1 No o 7D S |S D-S-C |C 8 1 0| A |18
F3 15,7,5,9,5,9,5,9,5,1 Yes 0| 6D D |S D-S-C |C 7/ 5 1A |1,7
F4 |51 No 4| 7|8 D |[S S-S-C |C 8 1 0A |14
Note
0* means there is no difference between 'Score' and 'Pre-Min' because both learners cannot
answer the test correctly for both pre-test and group-test.
0** means there is no difference between 'Score' and 'Pre-Min' because both learners have

highest score as individual in pre-test and group-test.
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E.3 Dialogue pattern from the 'group-test'

According to information of 120 dialogue patterns in E.2.1 to E.2.4, we use the matter of
'contribution' as a measure to categorise these dialogues into two groups. The first group is
for dialogues that members of the group state nothing but their answer and degree of

confidence. The detail of this pattern is explained in section E.3.1.

The second group is for dialogues that group member contribute more than the
answer and degree of confidence. There are 21 cases of dialogue patterns that group
member contribute something during the group-test. These cases are explained later in

E.3.2.1to E.3.2.21 of section E.2.2.

E.3.1 Contribute nothing but their answers

The detail of answers and degree of confidence in this question for learner5 and learner6
are: learner5 choose to answer choice C with degree of confidence /0 while learner6
choose choice C with degree of confidence /0. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner6)

Learner6 said: (5) I believe that..... (5)Choice C is the correct answer with degree of
confidence 10.
Learner$ said: (1) I agree with you.

E.3.2 Contribute something rather than their answers

E.3.2.1 Group B1: Questionl

The detail of answers and degree of confidence in this question for learnerl and learner2
are: learnerl choose to answer choice 4 with degree of confidence 2 while /earner2 choose
choice 4 with degree of confidence 4. Please give reasons of your answer by composing
sentences with the provided utterances (start with learner2)

Learner2 said: (5) I believe that... (1) The number on the 2™ left of decimal point of base-8
number is equal 27,

Learner] said: (1) I agree with you.

Learner?2 said: (7) I don’t know about this but I guess that...(2) the value of number on each
bit can be calculated by multiplied that particular number to the value of
that bit.
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Learner] said: (10)Please go on, I don’t want to talk about this any more

Learner2 said: (7) I don’t know about this but I guess that...(3) for base-2, the value of 27 is
equal 2x2.

Learner] said: (10)Please go on, I don’t want to talk about this any more

Learner2 said: (7) I don’t know about this but I guess that...(4) the result of number
conversion can be calculated by adding the value of each bit together.

Learnerl said: (14) Shall we change the topic?

Learner2 said: (2) Yes/Ok

Learner] said: (5) I believe that... (5)Choice A is the correct answer with degree of

confidence 1.

Learner?2 said: (1)I agree with you.

E.3.2.2 Group B1: Question2

The detail of answers and degree of confidence in this question for learnerl and learner2
are: learnerl choose to answer choice 4 with degree of confidence 2 while /earner2 choose
choice C with degree of confidence 4. Please give reasons of your answer by composing
sentences with the provided utterances (start with learner2)

Learnerl said: (5) I believe that... (1) The number on the 1* left of decimal point of base8
number is equal 2°.

Learner2 said: (1) I agree with you.

Learner] said: (5) I believe that... (2) the value of number on each bit can be calculated by
multiplied that particular number to the value of that bit.

Learner2 said: (1) I agree with you.

Learnerl said: (7) I don’t know about this but I guess that... (3) for base8, the value of 8 is
equal 8x8.

Learner?2 said: (1) I agree with you.

Learnerl said: (7) I don’t know about this but I guess that... (4) the result of number
conversion can be calculated by adding the value of each bit together.

Learner?2 said: (1) I agree with you.

Learnerl said: (7) I don’t know about this but I guess that... (5)Choice C is the correct
answer with degree of confidence 4.

Learner2 said: (1) I agree with you.

Learner] said: (5) I believe that... (5)Choice C is the correct answer with degree of

confidence 4.

Learner?2 said: (1) I agree with you.

E.3.2.3 Group B1: Question3

The detail of answers and degree of confidence in this question for learner]l and learner2
are: learnerl choose to answer choice 4 with degree of confidence 2 while learner2 choose
choice 4 with degree of confidence 4. Please give reasons of your answer by composing
sentences with the provided utterances (start with learner2)

Learnerl said: (11) Please explain more about... (1) The number on the 1% left of decimal
point of base8 number is equal 2°.
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Learner2 said: (6) I am not sure but I think that... (1) The number on the 1* left of decimal
point of base8 number is equal 2.

Learner] said: (13) Do you mean that... (2) the value of number on each bit can be
calculated by multiplied that particular number to the value of that bit?

Learner?2 said: (2) Yes/OK

Learnerl said: (5) I believe that... (3) for base8, the value of 8 is equal 8x8.

Learner2 said: (1) I agree with you.

Learner] said: (5) I believe that... (4) the result of number conversion can be calculated by
adding the value of each bit together.

Learner2 said: (1) I agree with you.

Learner] said: (5) I believe that... (5)Choice C is the correct answer with degree of

confidence 4.

Learner2 said: (1) I agree with you.

E.3.2.4 Group B1: Question4

The detail of answers and degree of confidence in this question for learnerl and learner2
are: learnerl choose to answer choice 4 with degree of confidence 2 while learner2 choose
choice 4 with degree of confidence 4. Please give reasons of your answer by composing
sentences with the provided utterances (start with learner2)

Learner] said: (6) I am not sure but I think that... (1) The number on the 1™ left of decimal
point of base8 number is equal 8.

Learner2 said: -

Learner] said: (13) Do you mean that... (2) the value of number on each bit can be
calculated by multiplied that particular number to the value of that bit?

Learner?2 said: (2) Yes/OK

Learnerl said: (6) I am not sure but I think that... (3) for base8, the value of 8 is equal 8x8.

Learner2 said: (1) I agree with you.

Learner] said: (11) Please explain more about... (4) the result of number conversion can be
calculated by adding the value of each bit together.

Learner2 said: (5) I believe that... (4) the result of number conversion can be calculated by
adding the value of each bit together.

Learner] said: (1) I agree with you.

Learner2 said: (5) I believe that... (5)Choice A is the correct answer with degree of

confidence 5.

Learner] said: (3) I do not agree with you.

Learner2 said: (10) Please go on, I don’t want to talk about this any more

Learner] said: (5) I believe that... (5)Choice A is the correct answer with degree of

confidence 3.

Learner?2 said: (1) I agree with you.

E.3.2.5 Group B2: Questionl

The detail of answers and degree of confidence in this question for learnerl5 and learner16
are: learnerl5 choose to answer choice C with degree of confidence /0 while learneri6
choose choice C with degree of confidence &. Please give reasons of your answer by
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composing sentences with the provided utterances (start with learner2)

Learner16 said: (5) I believe that... (1) The number on the 2™ left of decimal point of base8
number is equal 272,

Learner15 said: (1) I agree with you.

Learner16 said: (5) I believe that... (2) the value of number on each bit can be calculated by
multiplied that particular number to the value of that bit.

Learner15 said: (1) I agree with you.

Learner16 said: (5) I believe that... (3) for base8, the value of 8' is equal 8xI1.

Learner15 said: (5) I believe that... (5)Choice C is the correct answer with degree of

confidence 4.

Learner16 said: (1) I agree with you.

E.3.2.6 Group BS5: Question2

The detail of answers and degree of confidence in this question for learner35 and learner36
are: learner35 choose to answer choice C with degree of confidence 7 while learner36
choose choice C with degree of confidence 9. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner2)

Learner36 said: -

Learner35 said: (7) I don’t know but I guess that... (5)Choice C is the correct answer with
degree of confidence 8.

Learner36 said: (1) I agree with you.

Learner35 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 8.

Learner36 said: (1) I agree with you.

E.3.2.7 Group B6: Questionl

The detail of answers and degree of confidence in this question for learner3 and learner4
are: learner3 choose to answer choice C with degree of confidence 10 while learner4
choose choice C with degree of confidence 7. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner4)

Learner4 said: (6) I am not sure but I think that... (5)Choice B is the correct answer with
degree of confidence 5.

Learner3 said: (3) I do not agree with you.

Learner4 said: (9)Please tell me more about this.

Learner3 said: -

Learner4 said: (10) Please go on, I don’t want to talk about this any more

Learner3 said: (6) I am not sure but I think that... (1) The number on the 3™ left of decimal
point of base8 number is equal &°.

Learner4 said: (5) I believe that... (5)Choice C is the correct answer with degree of

confidence 10.

Learner3 said: (1) I agree with you.
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E.3.2.8 Group C1: Questionl

The detail of answers and degree of confidence in this question for learner9 and learner10
are: learner9 choose to answer choice 4 with degree of confidence 8§ while learnerl0
choose choice 4 with degree of confidence 5. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner10)

Learner10 said: (6) I am not sure but I think that... (5)Choice A is the correct answer with
degree of confidence 6.

Learner9 said: (5) I believe that... (4) the result of number conversion can be calculated by
adding the value of each bit together.

Learner10 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 10.

Learner9 said: (1) I agree with you.

E.3.2.9 Group C1: Question2

The detail of answers and degree of confidence in this question for learner9 and learner10
are: learner9 choose to answer choice C with degree of confidence & while learnerl0
choose choice C with degree of confidence /0. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner10)

Learner10 said: (5) I believe that... (5) Choice B is the correct answer with degree of
confidence 10.

Learner9 said: (3) I do not agree with you.

Learner10 said: (10) Please go on, I don’t want to talk about this any more

Learner9 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 10.

Learner10 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 10.

Learner9 said: (1) I agree with you.

E.3.2.10 Group C3: Questionl

The detail of answers and degree of confidence in this question for learner5 and learner6
are: learner5 choose to answer choice C with degree of confidence 4 while /earner6 choose
choice B with degree of confidence 3. Please give reasons of your answer by composing
sentences with the provided utterances (start with learner6)

Learner6 said: (7) I don’t know but I guess... (5)Choice B is the correct answer with degree
of confidence 3.

Learner$ said: (3) I do not agree with you.

Learner6 said: (9) Please tell me more about this

Learner5 said: (5) I believe that... (1) The number on the 3™ left of decimal point of base2
number is equal 2°.

Learner6 said: (1) I agree with you.

Learner5 said: (5) I believe that... (3) for base2, the value of 2% is equal 2x2.
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Learner6 said: (1) I agree with you.

Learner5 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 5.

Learner6 said: (1) I agree with you.

E.3.2.11 Group C3: Question3

The detail of answers and degree of confidence in this question for learner5 and learner6
are: learner5 choose to answer choice B with degree of confidence 7 while learner6 choose
choice 4 with degree of confidence 3. Please give reasons of your answer by composing
sentences with the provided utterances (start with learner5)

Learner5 said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 6.

Learner6 said: (3) I do not agree with you.

Learner$5 said: (9) Please tell me more about this

Learner6 said: (5) I believe that... (3) for base8, the value of 8" is equal 8x1.

Learner5 said: (3) I do not agree with you.

Learner6 said: (9) Please tell me more about this

Learner5 said: (5) I believe that..... (3) for base8, the value of 8 is equal 1/8.

Learner6 said: (10) Please go on, I don’t want to talk about this any more

Learner5 said: (5) I believe that..... (5)Choice B is the correct answer with degree of
confidence 6.

Learner6 said: (1) I agree with you.

E.3.2.12 Group C4: Questionl

The detail of answers and degree of confidence in this question for learner23 and learner24
are: learner23 choose to answer choice 4 with degree of confidence 2 while learner24
choose choice B with degree of confidence 3. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner24)

Learner24 said: (5) I believe that... (1) The number on the 3™ left of decimal point of base2
number is equal 27,

Learner23 said: (3) I do not agree with you.

Learner24 said: (9) Please tell me more about this

Learner23 said: (6) I am not sure but I think that... (3) for base8, the value of 8 is equal
8x2.

Learner24 said: (3) I do not agree with you.

Learner23 said: (10) Please go on, I don’t want to talk about this anymore

Learner24 said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 5.

Learner23 said: (1) I agree with you.
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E.3.2.13 Group D1: Question3

The detail of answers and degree of confidence in this question for learner21 and learner22
are: learner21 choose to answer choice B with degree of confidence 5 while learner22
choose choice B with degree of confidence /0. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner22)

Learner46 said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 10.

Learner45 said: (3) I do not agree with you.

Learner46 said: (9) Please tell me more about this

Learner45 said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 10.

Learner46 said: (1) I agree with you.

E.3.2.14 Group D2: Questionl

The detail of answers and degree of confidence in this question for learner35 and learner36
are: learner35 choose to answer choice C with degree of confidence /0 while learner36
choose choice C with degree of confidence 6. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner36)

Learner36 said: (5) I believe that... (1) The number on the 1% left of decimal point of base2
number is equal 2%,

Learner35 said: (3) I do not agree with you.

Learner36 said: (10) Please go on, I don’t want to talk about this anymore

Learner35 said: (5) I believe that... (3) for base8, the value of 8 is equal 8x8.

Learner36 said: (3) I do not agree with you.

Learner35 said: (9) Please tell me more about this

Learner35 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 8.

Learner36 said: (1) I agree with you.

E.3.2.15 Group E2: Question3

The detail of answers and degree of confidence in this question for learner43 and learner44
are: learner43 choose to answer choice C with degree of confidence 5 while learnerd4
choose choice 4 with degree of confidence /. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner43)

Learner43 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 10.

Learner44 said: (6) I am not sure but I think that... (5)Choice A is the correct answer with
degree of confidence 1.

Learner43 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 10.

Learner44 said: (1) I agree with you.
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E.3.2.16 Group E3: Question3

The detail of answers and degree of confidence in this question for learner45 and learner46
are: learner45 choose to answer choice C with degree of confidence 8 while learner46
choose choice B with degree of confidence 7. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner46)

Learner46 said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 7.

Learner45 said: (3) I do not agree with you.

Learner46 said: (9) Please tell me more about this

Learner45 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 8.

Learner46 said: (5) I believe that... (1) The number on the 1% right of decimal point of base8
number is equal 8.

Learner45 said: (1) I agree with you.

Learner46 said: (5) I believe that... (3) for base8, the value of 8" is equal 1/8.

Learner45 said: (1) I agree with you.

Learner46 said: (5) I believe that... (2) the value of number on each bit can be calculated by
multiplied that particular number to the value of that bit.

Learner45 said: (1) I agree with you.

Learner46 said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 8.

Learner45 said: (1) I agree with you.

E.3.2.17 Group E4: Question3

The detail of answers and degree of confidence in this question for learnerl and learner2
are: learnerl choose to answer choice B with degree of confidence 7 while learner2 choose
choice 4 with degree of confidence 4. Please give reasons of your answer by composing
sentences with the provided utterances (start with learner2)

Learner2 said: (6) I am not sure but I think that... (5§)Choice A is the correct answer with
degree of confidence 4.

Learner] said: (9) Please tell me more about this

Learner2 said: (6) I am not sure but I think that... (1) The number on the 1* right of decimal
point of base8 number is equal 8.

Learnerl said: (9) Please tell me more about this

Learner2 said: (6) I am not sure but I think that... (2) the value of number on each bit can be
calculated by multiplied that particular number to the value of that bit.

Learnerl said: (9) Please tell me more about this

Learner2 said: (5) I believe that... (5)Choice A is the correct answer with degree of
confidence 5.

Learnerl1 said: (1) I agree with you.
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E.3.2.18 Group F3: Question2

The detail of answers and degree of confidence in this question for learner11 and learner12
are: learnerll choose to answer choice B with degree of confidence 3 while learneri?2
choose choice B with degree of confidence 2. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner12)

Learner12 said: (7) I don’t know but I guess that... (5) Choice B is the correct answer with
degree of confidence 2.

Learner11 said: (3) I do not agree with you.

Learner12 said: (9) Please tell me more about this

Learner11 said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 4.

Learner12 said: (1) I agree with you.

E.3.2.19 Group F3: Question4

The detail of answers and degree of confidence in this question for learner11 and learner12
are: learnerll choose to answer choice B with degree of confidence 6 while learneri?2
choose choice C with degree of confidence 2. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner11)

Learner11 said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 6.

Learner12 said: (7) I don’t know but I guess that... (5) Choice C is the correct answer with
degree of confidence 2.

Learner11 said: (5) I believe that... (2) the value of number on each bit can be calculated by
multiplied that particular number to the value of that bit.

Learner12 said: (9) Please tell me more about this

Learner11 said: (5) I believe that... (4) the result of number conversion can be calculated by
adding the value of each bit together.

Learner12 said: (9) Please tell me more about this

Learnerl11 said: (5) I believe that... (1) The number on the 1% right of decimal point of base8
number is equal 8.

Learner12 said: (9) Please tell me more about this

Learnerll said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 7.

Learner12 said: (1) I agree with you.

E.3.2.20 Group F4: Questionl

The detail of answers and degree of confidence in this question for learner13 and learner14
are: learneri3 choose to answer choice 4 with degree of confidence 5 while learneri4
choose choice C with degree of confidence 7. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner14)
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Learner14 said: (5) I believe that... (1) The number on the 3™ left of decimal point of base8
number is equal 8.

Learner13 said: (9) Please tell me more about this

Learner14 said: (5) I believe that... (3) for base8, the value of 8 is equal 8x8.

Learner13 said: (9) Please tell me more about this

Learner14 said: (5) I believe that... (5)Choice C is the correct answer with degree of
confidence 8.

Learner13 said: (1) I agree with you.

E.3.2.21 Group F4: Question3

The detail of answers and degree of confidence in this question for learner13 and learner14
are: learnerl3 choose to answer choice B with degree of confidence 7 while learneri4
choose choice 4 with degree of confidence 3. Please give reasons of your answer by
composing sentences with the provided utterances (start with learner14)

Learner14 said: (7) I don’t know but I guess that... (5)Choice A is the correct answer with
degree of confidence 3.

Learner13 said: (3) I do not agree with you.

Learner14 said: (9) Please tell me more about this

Learner13 said: (5) I believe that.. (2) the value of number on each bit can be calculated by
multiplied that particular number to the value of that bit.

Learner14 said: (9) Please tell me more about this

Learner13 said: (5) I believe that... (3) for base8, the value of 8 is equal 1/8.

Learner14 said: (9) Please tell me more about this

Learner13 said: (5) I believe that... (5)Choice B is the correct answer with degree of
confidence 8.

Learner14 said: (1) I agree with you.
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Appendix F

Relevance and Correctness of the Answers

In Appendix F, we refer to the six learning concepts of 'number-conversion' that have
already been stated in Chapter 4. In order to measure whether learners' answers or what
they contribute during the group-test is relevant and correct, the information presented here
in section F.1 to F.6 is used as rules to measure the correctness of the answer. We assume
that apart from what is stated in F.1 to F.6, the learner might have misconceptions

concerning the particulars of 'number-conversion'.

F.1 Conceptl

This concept aims at measuring whether learners can use the value of each bit position on
the left of the decimal point to calculate for a specific number. There are three different
based numbers, which are base-2, base-8 and base-16 that we are concerned about. Details
of what we define as correctness are expressed in F.1.1 for base-2, F.1.2 for base-8 and

F.1.3 for base-16.

F.1.1 Conceptl for base-2

This concept aims at measuring whether learners can use the value of each bit position to
the left of the decimal point to calculate for a base-2 number. We assume that learners

might know about conceptl if they state either of statements below



Appendix F

Number on the 1* left of the decimal point of base-2 number is equal 2 powered by 0.
Number on the 2™ left of the decimal point of base-2 number is equal 2 powered byl.
Number on the 3" left of the decimal point of base-2 number is equal 2 powered by 2.
Number on the 4™ left of the decimal point of base-2 number is equal 2 powered by 3.
Number on the 5™ left of the decimal point of base-2 number is equal 2 powered by 4.
Number on the 6" left of the decimal point of base-2 number is equal 2 powered by 3.
Number on the 7" left of the decimal point of base-2 number is equal 2 powered by 6.
Number on the 8" left of the decimal point of base-2 number is equal 2 powered by 7.

F.1.2 Conceptl for base-8

F-2

This concept aims at measuring whether learners can use the value of each bit position to

the left of the decimal point to calculate for a base-8 number. We assume that learners

might know about conceptl if they state either of statements below

Number on the 1* left of the decimal point of base-8 number is equal 8 powered by 0.
Number on the 2™ left of the decimal point of base-8 number is equal 8 powered byl.
Number on the 3" left of the decimal point of base-8 number is equal 8 powered by 2.
Number on the 4" left of the decimal point of base-8 number is equal 8 powered by 3.
Number on the 5" left of the decimal point of base-8 number is equal 8 powered by 4.
Number on the 6™ left of the decimal point of base-8 number is equal 8 powered by 5.
Number on the 7" left of the decimal point of base-8 number is equal 8 powered by 6.
Number on the 8" left of the decimal point of base-8 number is equal 8 powered by 7.

F.1.3 Conceptl for base-16

This concept aims at measuring whether learners can use the value of each bit position to

the left of the decimal point to calculate for a base-16 number. We assume that learners

might know about conceptl if they state either of statements below

Number on the 1* left of the decimal point of base-16 number is equal _16 powered by 0.

Number on the 2™ left of the decimal point of base-16 number is equal 16 powered byl.

Number on the 3" left of the decimal point of base-16 number is equal 16 powered by 2.

Number on the 4 left of the decimal point of base-16 number is equal 16 powered by 3.
Number on the 5" left of the decimal point of base-16 number is equal 16 powered by 4.
Number on the 6™ left of the decimal point of base-16 number is equal 16 powered by 5.
Number on the 7" left of the decimal point of base-16 number is equal 16 powered by 6.
Number on the 8" left of the decimal point of base-16 number is equal 16 powered by 7.
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F.2 Concept2

This concept aims at measuring whether learners can use the value of each bit position to
the right of the decimal point to calculate for a specific number. There are three different
based number, which are base-2, base-8 and base-16 that we are concerned about. Details
of what we define as correctness are expressed in F.2.1 for base-2, F.2.2 for base-8 and

F.2.3 for base-16.

F.2.1 Concept2 for base-2

This concept aims at measuring whether learners can use the value of each bit position to
the right of the decimal point to calculate for a base-2 number. We assume that learners

might know about conceptl if they state either of statements below

Number on the 1* right of the decimal point of base-2 number is equal 2 powered by -1.
Number on the 2™ right of the decimal point of base-2 number is equal 2 powered by-2.
Number on the 3" right of the decimal point of base-2 number is equal 2 powered by -3.
Number on the 4™ right of the decimal point of base-2 number is equal 2 powered by -4.
Number on the 5™ right of the decimal point of base-2 number is equal 2 powered by -5.
Number on the 6 right of the decimal point of base-2 number is equal 2 powered by -6.
Number on the 7" right of the decimal point of base-2 number is equal 2 powered by -7.
Number on the 8" right of the decimal point of base-2 number is equal 2 powered by -8.

F.2.2 Concept2 for base-8

This concept aims at measuring whether learners can use the value of each bit position to
the right of the decimal point to calculate for a base-8 number. We assume that learners

might know about conceptl if they state either of statements below

Number on the 1* right of the decimal point of base-8 number is equal 8 powered by -1.
Number on the 2™ right of the decimal point of base-8 number is equal 8 powered by-2.
Number on the 3" right of the decimal point of base-8 number is equal 8 powered by -3.
Number on the 4™ right of the decimal point of base-8 number is equal 8 powered by -4.
Number on the 5" right of the decimal point of base-8 number is equal 8 powered by -5.
Number on the 6™ right of the decimal point of base-8 number is equal 8 powered by -6.
Number on the 7" right of the decimal point of base-8 number is equal 8 powered by -7.
Number on the 8" right of the decimal point of base-8 number is equal 8 powered by -8.
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F.2.3 Concept2 base-16

This concept aims at measuring whether learners can use the value of each bit position to
the right of the decimal point to calculate for a base-16 number. We assume that learners

might know about conceptl if they state either of statements below

Number on the 1* right of the decimal point of base-16 number is equal 16 powered by -1.
Number on the 2™ right of the decimal point of base-16 number is equal 16 powered by -2.
Number on the 3" right of the decimal point of base-16 number is equal 16 powered by -3.
Number on the 4" right of the decimal point of base-16 number is equal 16 powered by -4.
Number on the 5™ right of the decimal point of base-16 number is equal 16 powered by -5.
Number on the 6™ right of the decimal point of base-16 number is equal 16 powered by -6.
Number on the 7" right of the decimal point of base-16 number is equal 16 powered by -7.
Number on the 8" right of the decimal point of base-16 number is equal 16 powered by -8.

F.3 Concept3

This concept aims at measuring whether learners can use the arithmetic operator to
calculate for the value between each bit. We assume that learners might know about
concept4 if they state that the value of each bit can be calculated by using arithmetic

operator x to do between the specific number and value of bit position’'.

F.4 Concept4

This concept aims at measuring whether learners can use the arithmetic operator to
calculate for the value between each bit. We assume that learners might know about
concept4 if they state that 'the value of each specific number can be calculated by using

arithmetic operator "+" to do value between each bit'.
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F.5 Concept5

This concept aims at measuring whether learners can transform the given number, which is
to the left of the decimal point into other forms.' There are three different based number,
which are base-2, base-8 and base-16 that we are concerned about. Details of what we
define as correctness are expressed in F.5.1 for base-2, F.5.2 for base-8 and F.5.3 for base-

16.

F.5.1 Concept5 for base-2

This concept aims at measuring whether learners can transform the given number, which is
to the left of the decimal point into other forms of base-2 number. We assume that learners

might know about conceptl if they state either of statements below

For base-2 number, the value of 2 powered by 0 is equal 1.

For base-2 number, the value of 2 powered by 1 is equal 2.

For base-2 number, the value of 2 powered by 2 is equal 2+2.

For base-2 number, the value of 2 powered by 2 is equal 2x2.

For base-2 number, the value of 2 powered by 3 is equal 2x2x2.

For base-2 number, the value of 2 powered by 4 is equal 2x2x2x2.

For base-2 number, the value of 2 powered by 5 is equal 2x2x2x2x2.

For base-2 number, the value of 2 powered by 6 is equal 2x2x2x2x2x2.
For base-2 number, the value of 2 powered by 7 is equal 2x2x2x2x2x2x2.

F.5.2 Concept5 for base-8

This concept aims at measuring whether learners can transform the given number, which is
to the left of the decimal point into other forms of base-8 number. We assume that learners

might know about conceptl if they state either of statements below

For base-8 number, the value of 8 powered by 0 is equal 1.

For base-8 number, the value of 8 powered by 1 is equal 8.

For base-8 number, the value of 8 powered by 2 is equal 8x8.

For base-8 number, the value of 8 powered by 3 is equal 8x8x8.

For base-8 number, the value of 8 powered by 4 is equal 8x8x8x8.

For base-8 number, the value of 8 powered by 5 is equal 8x8x8x8x8.

For base-8 number, the value of 8 powered by 6 is equal 8x8x8x8x8x8.
For base-8 number, the value of 8 powered by 7 is equal 8x8x8x8x8x8x8.
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F.5.3 Concept5 for base-16

This concept aims at measuring whether learners can transform the given number, which is
to the left of the decimal point into other forms of base-16 number. We assume that learners

might know about conceptl if they state either of statements below

For base-16 number, the value of 16 powered by 0 is equal 1.

For base-16 number, the value of 16 powered by 1 is equal 16.

For base-16 number, the value of 16 powered by 2 is equal 16x16.

For base-16 number, the value of 16 powered by 3 is equal 16x16x16.

For base-16 number, the value of 16 powered by 4 is equal 16x16x16x16.

For base-16 number, the value of 16 powered by 5 is equal 16x16x16x16x16.

For base-16 number, the value of 16 powered by 6 is equal 16x16x16x16x16x16.
For base-16 number, the value of 16 powered by 7 is equal 16x16x16x16x16x16x16.

F.6 Concept6

This concept aims at measuring whether learners can transform the given number, which is
to the right of the decimal point into other forms. There are three different based number,
which are base-2, base-8 and base-16 that we are concerned about. Details of what we
define as correctness are expressed in F.6.1 for base-2, F.6.2 for base-8 and F.6.3 for base-

16.

F.6.1 Concept6 for base-2

This concept aims at measuring whether learners can transform the given number, which is
to the right of the decimal point into other forms of base-2 number. We assume that learners

might know about conceptl if they state either of statements below

For base-2 number, the value of 2 powered by -1 is equal 1/2.
For base-2 number, the value of 2 powered by -2 is equal (1/2)x(1/2).
For base-2 number, the value of 2 powered by -3 is equal (1/2)x(1/2)x(1/2)..
For base-2 number, the value of 2 powered by -4 is equal (1/2)x(1/2)x(1/2)x(1/2).
For base-2 number, the value of 2 powered by -5 is equal (1/2)x(1/2)x(1/2)x(1/2)x(1/2).
For base-2 number, the value of 2 powered by -6 is equal
1/2)x(1/2)x(1/2)x(1/2)x(1/2) x(1/2).
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For base-2 number, the value of 2 powered by -7 is equal
(1/2)x(1/2)x(1/2)x(1/2)x(1/2) x(1/2)x(1/2).

For base-2 number, the value of 2 powered by -8 is equal
A/2)x(1/2)x(1/2)x(1/2)x(1/2) x(1/2)x(1/2)x(1/2).

F.6.2 Concept6 for base-8

This concept aims at measuring whether learners can transform the given number, which is
to the right of the decimal point into other forms of base-8 number. We assume that learners

might know about conceptl if they state either of statements below

For base-8 number, the value of 8 powered by -1 is equal 1/8.

For base-8 number, the value of 8 powered by -2 is equal (1/8)x(1/8).

For base-8 number, the value of 8 powered by -3 is equal (1/8)x(1/8)x(1/8)..

For base-8 number, the value of 8 powered by -4 is equal (1/8)x(1/8)x(1/8)x(1/8).

For base-8 number, the value of 8 powered by -5 is equal (1/8)x(1/8)x(1/8)x(1/8)x(1/8).

For base-8 number, the value of 8 powered by -6 is equal
(1/8)x(1/8)x(1/8)x(1/8)x(1/8)x(1/8).

For base-8 number, the value of 8 powered by -7 is equal
A/8)x(1/8)x(1/8)x(1/8)x(1/8)x(1/8)x(1/8).

For base-8 number, the value of 8 powered by -8 is equal
(1/8)x(1/8)x(1/8)x(1/8)x(1/8)x(1/8)x(1/8)x(1/8).

F.6.3 Concept6 for base-16

This concept aims at measuring whether learners can transform the given number, which is
to the right of the decimal point into other forms of base-16 number. We assume that

learners might know about conceptl if they state either of statements below

For base-16 number, the value of 16 powered by -1 is equal 1/16.

For base-16 number, the value of 16 powered by -2 is equal (1/16)x(1/16).

For base-16 number, the value of 16 powered by -3 is equal (1/16)x(1/16)x(1/16)..

For base-16 number, the value of 16 powered by -4 is equal
(1/16)x(1/16)x(1/16)x(1/16).

For base-16 number, the value of 16 powered by -5 is equal
(1/16)x(1/16)x(1/16)x(1/16)x(1/16).

For base-16 number, the value of 16 powered by -6 is equal
1/16)x(1/16)x(1/16)x(1/16)x(1/16)x(1/16).

For base-16 number, the value of 16 powered by -7 is equal
(1/16)x(1/16)x(1/16)x(1/16)x(1/16)x(1/16)x(1/16).

For base-16 number, the value of 16 powered by -16 is equal
1/16)x(1/16)x(1/16)x(1/16)x(1/16)x(1/16)x(1/16)x(1/16).
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Abstract: Collaborative Learning is seen as a good way to encourage peers to
learn and to teach each other whereas Open Learner Modelling can help learners to
enhance their metacognitive skills and their understanding using high-level
indicators to monitor, and represent, the state of their learning. In this work we aim
to develop a learning environment that encourages students to obtain an advantage
from both Collaborative Learning and Open Learner Modelling. We then seek to
determine the benefits of Collaborative Learning with a scrutable Group Learner
Model[1] by examining the learning gains when compared with the case in which
no Group Learner Model is available.

1. Introduction

Collaborative Learning is seen as a good way to encourage peers to learn and to teach each
other whereas Open Learner Modelling can help learners to improve their performance and
their understanding using high-level indicators to monitor, and represent, the state of their
learning. This research seeks to apply both concepts of Collaborative Learning and Open
Learner Modelling.

Why collaborative learning? Following Vygotsky who argued that learning had a
strong social dimension. We believe that learners can often better improve their knowledge
while learning with peers than learning individually. In this work, we exploit the notion of
Vygotsky's Zone of Proximal Development, defined as “the distance between the actual
developmental level as determined by independent problem solving and the level of
potential development as determined through problem solving under adult guidance or in
collaboration with more capable peers” [2, p.86].

An Open Learner Model is often considered to be an aid to reflection. Bull defines
an Open Learner Model (OLM) as a student model which is designed to help learners
understand what they have learned more effectively[3]. This kind of model allows the
learner to inspect, and sometimes challenge, beliefs recorded in the user model which
encourages the learner to think more deeply or extensively about their understanding.

Group Open Learner Model emerges from the merging of a ‘Group Model’ and an
‘Open Learner Model’. An ‘Open Learner Model’ is simply thought of as an aid to
reflection while a ‘Group Model’ is a more complex concept. While there are many works
that use a group model, there are few that can define the OLM in a way that differentiates
clearly between the emerging properties of the group and the properties of the individuals
involved. For our work, we especially need to define what exactly the group model is, how
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it works, and precisely what the model includes. From Paiva [4], a group model is
considered as ‘a way of capturing the aspects that identify a group as a whole’” and it may
include group beliefs, group actions, group goals, group misconceptions, differences
between individual and group conflicts.

Less has been done with Group Open Learner Models (GOLMSs) though Zapata-
Rivera and Greer[5] found that students could be very confused when seeking to understand
their GOLM. However, this GOLM was developed by a group of students working together
with a single instance of Zapata-Rivera's ViSMod system. The issue of the GOLM is taken
up again later.

2. Research Problems

During past decades, many tools and methodologies have been designed to support
Collaborative Learning interaction. The focus of this research topic is shifted from
'studying group characteristics and product’, which contain many unpredictable factors, to
'studying group process' in the nineties. Jermann, Soller et al [6] introduced the idea of the
‘Collaboration Management Cycle', which consists of four phases: Collect interaction data,
Construct a model of interaction, Compare the current state of interaction to the desired
state and Advise/Guide the interaction. This cycle provides a conceptual framework for
managing collaborative interaction. In their view, all the four phases above are covered by
three computer-based support options: Mirroring tools, Metacognitive tools and Guiding
Systems.

When someone learns a topic, either on their own or with a friend, they may need to
know how well they performed on that particular task. In the classroom, the teacher may
give some information such as a score or some suggestion about performance on the task".
An Open Learner Model is considered to be an aid to reflection insofar as it can convey -
directly or indirectly? - such information, and provokes the learner to think about the truth
or falsity of the information conveyed, and in doing this, reflects upon a number of issues
including perhaps that of how their learning is progressing.

An Open Learner Model is seen as the model that reflects back to the learner
information that lets them know how well they are performing particular tasks or how well
they understand some concept. From the information provided, learners then become aware
of their knowledge and decide what should do next. The generally held belief amongst
researchers is that it is possible to improve learners’ knowledge by showing them their
learner model [7-9]. To investigate this belief, concepts of ‘Theory of Mind’ and ‘Meta-
Cognition” are considered as crucial factors to understand how OLMs help improve
knowledge (skills).

2.1 Theory of Mind, Metacognition and Metacognitive Skills

One definition of “Theory of Mind’ is as ‘a specific cognitive ability to understand others as
intentional agents to interpret their mind in terms of theoretical concept of intentional states
such as beliefs and desires’[10]. In short, theory of mind is ‘an awareness and
understanding of mental processes’. For example when a learner performs a specific task
and the system reflects back the score or some other information, the way that learner try to

! This might be done in absolute or relative terms e.g. you got 7/10 or you did better than the average.
2 By indirect, we mean that the information may not be explicit but can be inferred from the information
provided.



understand what the system reflects back is what the system believes about a learner’s
knowledge and skills.

One form of ‘Metacognition’ is often simply defined as ‘thinking about
thinking’[11]. However defining Metacognition is not simple because there is still much
debate over what metacognition means for a couple of decades. Defining by Wilson[12,
p.14], “Metacognition is the knowledge and awareness one has of their own thinking
processes and strategies and the ability to evaluate and regulate one’s own thinking
processes”.

According to Flavell [13] metacognition consists of both metacognitive knowledge
and metacognitive experience or regulation. Metacognitive knowledge is briefly stated to
acquire knowledge about cognitive process and how to use knowledge to control the
cognitive process. Flavell divided metacognitive knowledge into three categories:
knowledge of person variables, task variables and strategy variables. Knowledge of person
variables contains information about how well a particular person learned and processed
information while knowledge about task variables considers the nature of the task to
provide a suitable environment for the most productive results (e.g. reading a physics book
is harder to understand than reading a novel so more time should be provided for this
physics task). Knowledge strategy variables are concerned with when and where
appropriate strategies are being applied.

Metacognitive experience involves the uses of Metacognitive regulation to control
cognitive activities to ensure that the cognitive goal has been met. For example, after
reading a lesson asking oneself what one has got from the lesson. If the question cannot be
answered, then go back to the lesson again and at the same time determine what else can be
done to ensure that that lesson has been understood.

Schraw [14, p.121] has develop a regulatory checklists that student can use to
monitor their own metacognitive control. There are three groups of checklists: Developing
a plan of action, Monitoring the plan (being aware of everything that has been done by
oneself), and Evaluating the plan. The following is an initial adaptation of Schraw’s
checklists for the group learning®.

1. Checklists for developing a plan of action (Before performing a task)
- How much my peer does know?
- How much our prior knowledge?
- How can | get my peer to help me?
- What should we do first?
- How much time is needed to complete this task?

2. Checklists for Monitoring a plan of action (During performing a task)
- How are we doing?
- Can I make a group contribution?
- How should we proceed?
- What do we need to do if either you or | don’t understand?

3. Checklists for Evaluating a plan of action (After performing a task)
- How well did we do?
- Did we do more or less well than what we had expected?
- What could I have done differently?
- Did we learn more?
- How well I have helped peer to learn better?

® These checklists suggest a way of evaluating metacognitive activity



If learners have such a Metacognitive experience, we assume that they will have
self-awareness of what they know and what they do not know, and what they should do to
complete the given task. In Collaborative Learning, there is a need not only to understand
themselves but also to understand others which motivates our concern to include notions of
Theory of Mind. Thus knowing how the group is doing and reflecting upon the Group Open
Learner Model, the learner also needs to understand themselves so that they can determine
their weak and strong points. At the same time, they may need to take into account the
knowledge of their peers and the potential for their peers to help them.

2.2. Collaborative Learning and Zone of Proximal Development

Collaborative Learning is interpreted here in two distinct ways - the way that learners help
each other in a group and the way that a teacher or a learning system helps the student to
gain a better understanding. Teaching collaboratively helps learners to learn skills and ideas
initially in their ZPD which is why "collaborative teaching” is important. Murray and
Arroyo [15] implemented a learner model to support the concept of ZPD - their work
illustrated that the student who masters material collaboratively today can master it
individually tomorrow.

Related to the idea of ZPD is that everyone may be in a different state of learning in
a group. Hence with a user model, either a personal or a group model, it is possible to
individualise the level of knowledge to provide a suitable degree of reflection. However for
developing more efficient collaborative learning, empirical studies have changed the focus
from 'establishing parameters' to trying to understand the role which such variables play in
mediating interaction [16].

There are many systems that are used for Collaborative Learning, some of which
refer to the concept of ZPD, some reflect back the learner model to an individual student
and a very few use a GOLM but how many of them contain both concepts of reflecting
back group knowledge and explicit use of the notion of the ZPD? Six systems have been
selected as representative of the state of the art; these are compared.

Tablel: The comparison of systems to represent concept of ZPD, individual and group learner model

Did they use Did they .
System’s the ZPD reflect back to Did they reflect
References Lo back the group
name concept individual
L learner model?
explicitly™ learner?
ViSMod® [5] No Yes No
ECOLAB [7] Yes Yes No
ICLS [17] No Yes Yes
PairSM [18] Yes Yes No
STyLE-OLM [9] No Yes No
Mr.Collins [19] No Yes No

2.3 Group Learner Model

Group Open Learner Model emerges from the merging of a ‘Group Model’ and an ‘Open
Learner Model’. Paiva [4] described two scenarios which represent her notion of a group

* We mean that internally there is a model of the learner which represents ZPD in some direct ways.

® Another version of ViSMod describes some works with a Group Model but not the kind that we are interested in.




model. The first scenario is to combine multiple individual models for the possible peer
group (this notion is presented by Hoppe[20]). The second scenario is about learners who
interact with the collaborative environment for which all of these properties should be
considered: a shared-task space, a communication space, authorisation to see the
communication, a domain model and an individual-task space.

According to Table 1, ViSMod, STYLE-OLM and Mr.Collins are systems that
reflect back only to individual learners whereas PairSM and Ecolab use both the concept of
ZPD and reflect back the model to each learner. ICLS reflects back both individual and
Group Learner Models. However none of the systems above uses all of the concepts -
namely, ZPD and reflecting back the individual and group models. In this paper, the ideas
of the system that utilises both the concept of ZPD and reflecting back the Group Learner
Model are illustrated. The first question is why we want to utilise a Group Model and the
second is how are we going to generate a Group Model?

2.3.1 How are we going to generate a Group Model?

Most people see the Group Model as some kind of addition of individual models.
Hoppe[20] combined multiple individual learner models with the aim of forming more
effective peer groups though Paiva [4] looked for something potentially better by
combining the concept of a group model with an individual learner model to construct a
basic framework for models in collaborative situations. However PairSM, a model that
applied a simple picture and a set theory equation to illustrate the Group Learner Model,
seems to be interesting because it considers a Group Learner Model together with the
notion of the ZPD even though the group model comes from a simple combination of the
individual learner models. The explanation above can express a Group Model as an
equation SM-S1S2 = SM1 U SM2 U SM S1&S2 ,which SM represents the knowledge of
an individual learner, and SM S1&S2 represents knowledge that the two can display only
when working together. The group model in this work will borrow ideas from both Paiva
and PairSM to generate the group model for Collaborative Learning with considering to
ZPD concept.

2.3.2 How are we going to represent the model?

There are many possible ways such as text and graphical form that we could represent the
learner model. STYLE-OLM [9]uses a diagrammatic form of conceptual graph to represent
the learner model and the text form for an interaction model. Moreover users can swap
between learning mode and interaction mode to see what they have done in the past.
ViSMod [5] uses different colours and link sizes and nodes to indicate the level of
knowledge for particular learners for each concept. This should help learners quickly
distinguish how well they perform for each concept. In our work, we will use a text form to
represent the interaction model, while a graphical form will be used to indicate the level of
knowledge for both group and individual learners.

2.3.3 How are we going to manage the interaction?

STyLE-OLM, and ICLS use different means of tagging individual moves in the interaction.
STyLE-OLM uses the notion of a dialogue game for interactive communication between a
learner and the system, while the open learner model concept allows student to inspect and
negotiate their own model. Mr.Collins aims at improving learning through promoting
reflection by giving a chance to both students and a system to defend their beliefs using the
difference of confidence in beliefs between the learner and the system. Whether learners



can challenge and negotiate models through menu, changing models ultimately depends on
the rules programmed into the system.

ICLS (Intelligent Collaborative Learning System) provides a good example of the
use of sentence openers. This emphasises the role of communicative interaction. The ICLS
system classifies groups of sentence openers, helping the group know how well they
perform. In our work, we borrow the idea of dialogue game and sentence opener for the
communication interaction and the level of confidence for their beliefs to generate the
learner model. In our research we focus on a Group Open Learner Model for Collaborative
Learning. The group model will borrow ideas from Paiva and Bull's PairSM to generate the
group model while taking the notion of the ZPD into account. Dialogue game and sentence
openers will be used for communication interaction whereas it is planned to use a pie-chart
and text as mirroring tools to represent the learner's beliefs and knowledge.

3. Evaluation

It is currently envisaged that two conditions for learning with a peer are compared: ‘can see
the group model' and ‘cannot see the group model' using a bar-chart and some explanation
to represent the information of each sub-concept that the group performs. The hypothesis is
that learning with a peer and seeing the information reflected back as a group model will
help the learner get a higher score than not seeing the group model.

The learner model - either group or individual - contains elements as a member of
set for each sub-concepts. There are two major types of information that are represented in
the learner model: ‘Experience’ and ‘Inexperience’ value. In this system, the‘Experience’
value contains one of these three values: ‘K” as Known that a sub-concept is used correctly,
‘M’ as MayKnown for a sub-concept is sometimes used correctly, and ‘N’ as Notknown for
a sub-concept is used incorrectly.Values represent in each elements of sub-concept show
the performance of using sub-concepts for previous tasks of particular learners. While the
‘Inexperience’ value for a sub-concept represents the situation that the learner has not tried
to perform a task involving that concept before (as far as the system knows).

There are two types of group models: GLM (Group Learner Model) and Ideal GLM
(Ideal Group Learner Model -see Figure 1).

Time Period 1: learn individually (T1)  Time Period 2 : learn collaboratively (T2)  Time Period 3 : learn individually (T3)
1 1

-
[

Ideal GLM: Ideal Group Learner Model
GLM: Group Learner Model

ILM: Individual Learner Model

L1: Learnerl

L2: Learner2

Figure 1: A Group Model diagram



- GLM: the group model that reflects the collective effort made by learnerl (L1) and
learner2 (L2) when they collaboratively solve the group task.

- Ideal GLM: the group model which is constructed from the individual learner
models (ILM1 and ILM2).

To fulfil that aim, we have decided to use two students learning together®. Each
student can choose their peer as they wish from the list that the system provides. Before
starting to learn with a peer, the learner registers with the system and takes a pretest. The
learner’s information is kept individually for use in the future.

As seen in Figure 1, there are two learners L1 and L2 who have decided to learner
together. Firstly they perform the task individually during Time Period 1 and submit their
answer to the system at the end or the period. After that results of learning are checked,
scored, they are reflected back to learners as an Ideal GLM. The Ideal GLM is expected to
promote self assessment, self-awareness (at least). Thus encouraging Metacognition,
learners would be supposted to assess both their own knowledge and their peers’
knowledge by the provided information.

The Ideal GLM uses a model merging algorithm to derive a group model which is
ideal in the sense that the merging of models is intended to show the potential of the group
(assuming no learning takes place). In a group model, we present the values that calculate
from the difference between the Ideal GLM and GLM in terms of bar-charts with some
explanatory information. If learners see these details and perform better than learners who
cannot see this information, we may be able to conclude that a group model’ is effective for
collaborative learning.

During Time Period 2, learner are provided with the environment for the group task
which allows interaction with both peer and the system by using a provided template for
generating the dialogue. These dialogues rely on the concept of a dialogue move so that the
system can categorise what learners try to say to each other, and will be used to determine
what learners understand of that particular task. Each dialogue move that learners use will
contribute a score which affects the assessment for each concept of the group model. The
approach will rely technically on the use of fuzzy logic.

After finished a task, the system will reflect back the information of the group
performance using GLM. At this stage, the result of an individual model (LML1 ., and
LM2,)) from T1, which represent the actual knowledge of particular learners will be
compared to the result of GLM -, from T2. Differences of results are expected to be a
potential performance of these learner and are kept in LM1,, and LM2-,.

A simplified version of the ZPD is an ability of doing something that you cannot do
you on your own but with others. The ability that learner can do something without any
help sometimes is known as ‘actual performance’. Whilst ‘potential performance’
represents the ability that with some helps, ones can complete tasks. In order to turn a
potential performance into an actual performance, learners should repeat similar tasks
individually as seen in Time Period 3 (Figure 1) after doing them collaboratively in Time
Period 2. This time the information of each individual learner at each specific times is used
to compare and calculate showing that learner can improve their knowledge and
performance by collaboratively learning using this system. However no one can guarantee
that particular learners will always succeed on the similar task again when doing it
individually.

A prototype will be built to demonstrate the working of the model and it is expected
to use fuzzy logic for dealing with the uncertainty in such a model. After the model has

® j.e. the pair will be regarded as a group, a simplifying assumption that we will seek to lift later.

" Note that this is a strong statement - the learners will not be shown their individual model. We are currently
constructing a theoretical account of how this may work.



been developed further, the approach above will be implemented, tested and revised prior to
developing the model used for the final study with learners. A repeated measure design
within subject will be used to compare the result of learning to show that collaborative
learning with the Group Open Learner Model is better than without the Group Open
Learner Model.

4. Conclusion

Collaborative learning is a good way to encourage peers to learn and to teach each other
whereas Open Learner Modelling gives learners an opportunity to inspect or sometimes
challenge® their user model to make it more accurate and to learn from this process. The
work described here aims to encourage students to obtain an advantage from both
collaborative learning and the use of an Open Learner Model to try to prove that the result
of collaborative learning using a Group Open Learner Model helps them get a higher score
than when unable to inspect the group model. Since we also want to determine whether
such an experience also contributes to the enhancement of the learners’ metacognitive
skills, we are currently considering how to extend the experimental design. After this work
is done, further work will concentrate on “In what ways is a Group Learner Model better
than an individual Learner Model?’
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Enhancing Collaborative Learning through
the use of a Group Model based on the
Zone of Proximal Development

Nilubon TONGCHAI'
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University of Glasgow, 11 Eldon Street, Glasgow, G3 6NH

Collaborative Learning is seen as a good way to encourage peers to learn and to teach each
other whereas Open Learner Modelling can help learners to improve their performance and
their understanding using high-level indicators to monitor, and represent, the state of their
learning. This research seeks to apply both concepts of Collaborative Learning and Open
Learner Modelling. Less has been done with Group Open Learner Models (GOLMS)
though the idea has potential [1].

The group model will borrow ideas from both Paiva's work [2] and PairSM [3] to
generate the group model taking the ZPD concept into account. In this work we would like
to know whether the inspection of the GOLM improves learning. To answer that question,
the value from the difference between the Ideal GLM? and GLM?® is compared. If learners
see a pie-chart and perform better than learners who cannot see the group model, we may
be able to conclude that a group model is effective for collaborative learning.

A prototype will be built to demonstrate the working of the model and it is expected
to use fuzzy logic for dealing with the uncertainty in such a model. After the model has
been developed further, the approach above will be implemented, tested and revised prior
to developing the model used for the final study with learners.

The work in this thesis aims to encourage students to obtain an advantage from both
collaborative learning and the use of an Open Learner Model to try to prove that the result
of collaborative learning with a group model capitalise Open Learner Model allows the
learner to get a higher score than when unable to inspect the group model. Now we are in
the process of simplifying the group model taking the ZPD into account and using fuzzy
logic as a technique to generate values representing group knowledge After the hypothesis
described above is tested, the next question for this work is ‘In what ways is a Group
Learner Model better than an Individual Learner Model?’
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1. Introduction

Collaborative Learning is often seen as a good way to encourage peers to learn and teach each
other while Open Learner Modelling is seen as helping learners improve their knowledge by
representing the state of their learning[1l]. This research seeks to apply both concepts of
Collaborative Learning and Open Learner Modelling in a computer-based learning environment
in order to see whether there is any difference between seeing and not seeing the group model.

We consider Collaborative Learning in terms of Vygotsky's Zone of Proximal
Development which is defined as "the distance between the actual developmental level as
determined by independent problem solving and the level of potential development as
determined through problem solving under adult guidance or in collaboration with more capable
peers” [2, p.86].

When someone learns something, whether on their own or with a friend, they may need
to know how well they performed on that particular task. In the classroom, the teacher may give
some information such as a score or some suggestion about their performance on the task. An
Open Learner Model is considered to be an aid to reflection. Bull defines an Open Learner
Model (OLM) as a student model which is designed to help learners understand what they have
learned more effectively [3]. This kind of model allows the learner to inspect, and sometimes
challenge, beliefs recorded in the user model in order to change them[4].

Less has been done with Group Open Learner Models (GOLMSs) though there is some
work with them. Zapata-Rivera and Greer [5] found that students could be very confused when
seeking to understand their GOLM. However, this GOLM was developed by a group of students
working together with a single instance of ViSMod. The issue of the GOLM is taken up again
later.

2. Research Problems

Collaborative Learning is interpreted here in two distinct ways - the way that learners
help each other in a group and the way that a teacher or a learning system helps the student to
gain a better understanding. Teaching collaboratively helps learners to learn skills and ideas
initially in their ZPD which is why "collaborative teaching™ is important.

There are many systems that are used for Collaborative Learning, some of which refer to
the concept of communicative interaction, some reflect back the learner model to an individual

! The author is a PhD student under the supervision of Prof Paul Brna.



student and a very few use a GOLM - but how many of them contain both the notion of
reflecting back group knowledge and a concern for what learners say to each other? Five systems

have been selected and compared as representative of the state of the art.

Table 1: The comparison of systems to represent communicative interaction,

individual and group leaner model concepts

Did the svstem examine Did the system Did the system
, y . reflect back the reflect back the
System’s name References the content of learners del
conversation? Learner Model to Group Learner
' the learner? Model?
ViSMod? [5] No Yes No
ICLS [6] Yes Yes Yes
PairSM [7] Yes Yes No
STyLE-OLM [8] No Yes No
Mr.Collins [9] No Yes No

According to Table 1, all of these five systems reflect back information to individual
learners, and two of them are concerned with what learners say to each other. However apart
from these two systems, only ICLS is concerned with what learners talk about and reflect on —
both in relation to an individual and group model. Nevertheless the concentration of ICLS on the
communicative interaction module is quite different to the system | am designing which will
focus on updating the model from the knowledge exchanged rather than classify groups of
sentence openers, to help the group know how well they cooperate. In order to do this, a dialogue
game[10, 11] has been designed as a first approach to defining the communicative interaction
possible in the system.

In our research we focus on a Group Open Learner Model in Collaborative Learning. The
group model borrows ideas from both Paiva's work [12] and PairSM [7] to generate the group
model while a dialogue game and a set of sentence opener will be used for communication
interaction. Each role and move of the game has been defined and applied in the domain of
‘Number-based conversion’. To confirm my belief that this domain is suitable, | produced a
multiple choice test and asked experts to do the test. The result from 10 experts who graduated
and work in the area of computing reveals that some of them still make mistakes even though
they have previously learned this particular topic.

3. Evaluation

It is currently envisaged that two conditions for learning with a peer will be compared: can see
the group model and cannot see the group model using a bar-chart to represent the group model.
The main hypothesis is that learning with a peer and seeing the group model will help the learner
get a higher score than not seeing the group model.

There are two types of group models: GLM (Group Learner Model) and Ideal GLM (Ideal
Group Learner Model) — see Figurel.

2 Another version of ViSMod [5] describes some works with a group model but not the kind that we are interested
in.



- GLM: the group model that reflects what happens when learnerl (L1) and learner2 (L2)
work collaboratively to solve the group task.

- Ideal GLM: the group model which is generated from merging the performance of each
learner (ILM1 and ILM2).

Time Period 1: learn individually (T1) Time Period 2: learn collaboratively (T2) Time Period 3: learn individually (T3)
| |
% I
|
|
|
L1 |
|
|
/ | /
|
|
|
|

L2
Ideal GLM: Ideal Group Learner Model L1: Learnerl
GLM: Group Learner Model L2: Learner2
ILM: Individual Learner Model

Figure 1: A Group Model diagram

In the system, both individual and group models are calculated over three periods of time (time
periodl (T1), time period2 (T2), and time period3 (T3))

T1: learners perform the provided task and submit their answers to the system. The
information of how well learners perform is kept in individual learner models
(ILM+y). The system will estimate the model of IdealGLM+; which will be used as
the expected performance of both learners when they perform the group task in T2.

T2: the system keeps and updates information about group learning in GLMr,. At this
point, learners are allowed to talk with their peer using the provided communicative
interaction area which combines a dialogue game together with fuzzy logic
techniques to update the group model. At the end of this period, information about
GLMt, and IdealGLM+y; are compared by the system to ask ‘Is there any
improvement of knowledge in this group learning?’

T3: the process of this period is to confirm that individual learners can benefit from
collaborative learning using a Group Open Learner Model by comparing information
about ILMty with ILMs.

Whenever learners communicate with their peer, either about the task or through the
communication interface, the system will evaluate each move that learners make and update each
relevant parameter of ILM and GLM. At the particular time that the system allows learners to see
their own performance, it will provide information about GLM and IdealGLM in the form of a
bar chart with textual descriptions to explain how well their group performs. The values in GLM
and IdealGLM are compared to see the difference between seeing and not seeing the group
model which may help us evaluate to extent to which a group model is effective for collaborative
learning.



4. Conclusion

This work aims to encourage students to obtain an advantage from both collaborative learning
and the use of an Open Learner Model in a computer-based learning environment in order to see
if the result of collaborative learning with the ability to inspect a group model allows the learner
to get a higher score than when unable to inspect the group model.

Learning improvements which have been demonstrated for many collaborative learning
systems [6, 7, 9] and for Open Learner Models [1, 5, 8, 9] gives us reason to belief that our
system, which combines these two approaches, will show similar improvements.

After this hypothesis is tested, further questions for this work include ‘is there any
significant correlation between patterns of dialogue moves and the improvement of knowledge
for each group?’ and ‘how general is this approach?” We could also look at the difference
between learners to see and not to see ILMr, together with GLM+, in order to see whether we
need an ILM 1, in this system or if only a GLM 1 is adequate and ‘what theoretical reasons
might there be for a GLM to be more effective than an ILM for individual learning?’
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