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Developing Thinking Styles: Using Agents to
Assist Learning in Internet-mediated Simulation

Environments

Student: Zong-Han Wu Advisor : Dr. Chuen-Tsai Sun

Institute of Computer and Information Science
National Chiao Tung University

ABSTACT

This paper would discuss development of functions of thinking styles.
Reinforcement learning theory encourages the; use of agents for assisting
learners in their efforts to develop thinking ‘styles. In order to develop
learners’ thinking styles, it assumes workable for practicing thinking style. In
this project, the author looks at @ human-environmental interaction scenario

using Internet-mediated simulations as learning environments.

The results indicate that it is possible to establish and support thinking
styles via Internet-mediated simulations. Also according to the results, the
judicial thinking style was best suited to the system we designed—that is, we
observed the greatest amount of development in the area of judicial thinking.
But executive thinking style and legislative thinking style will influence by
each other. Developing executive or legislative thinking style may cause the
other thinking style decreasing. When developing this two thinking styles, it
needs to pay more attention to control the side effect.

Keywords: Thinking styles, agents, Internet-mediated simulation,

reinforcement learning.
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1. INTRODUCTION

Individual skills are viewed as having a strong association with personal
characteristics, but scholars have clearly spent more time studying the former than the
latter. There are two possible reasons for this: characteristics are more difficult to establish,
and they are more likely to undergo unexpected change. Characteristics are often
described as cognitive habits or long-term external behaviors that resist short-term change.
However, | believe that change can occur when learners understand the disadvantages of
certain characteristics, then receive appropriate training. Others have described
characteristics as personal symbols that should never be changed, although weak
characteristics can benefit from development. In either case, | believe it is better to assist
humans in their attempts to develop.their ‘own. characteristics rather than force them to

change.

There is some evidence showing that a personal characteristic commonly referred to
as thinking style—defined as a preferred way of thinking—exerts a strong influence on
task completion, results, and learning (Francisco & Elaine, 2000; Lee & Tsai, 2004;
Zhang, 2002). Sternberg suggested that at a high level of coordination, skills and thinking
styles tend to bring out the best in each other, and that an imbalance inevitably leads to
poor results or incomplete tasks (Sternberg, 1994). | designed an Internet-based training
system to confirm that thinking styles can be developed via simulated environments, and
to identify potential side effects of such a system. For this project, | used agents to assist

in the acquisition of thinking styles via an Internet-mediated simulation environment.



2. BACKGROUND

2.1. Thinking Styles

Thinking styles are personal habits that exert a strong influence on task results. This
experiment focused on three functions of thinking styles in this project: executive,
legislative, and judicial (Sternberg, 1997). Individuals who prefer an executive thinking
style like to obey rules and deal with prefabricated questions. Those who prefer a
legislative thinking style like to design their own approaches to handling issues and
challenges. Those preferring a judicial thinking style tend to evaluate rules and deal with

analytical questions.

In “Teaching for Thinking” {(Sternberg ‘& Spear-Swerling, 1996), Sternberg suggests
that teachers should adopt different pedagogies=——even in the same course—to help
students learn and practice different thinking styles. Thus, | assume it is possible to
develop thinking styles, but it is important to acknowledge environmental influences
when attempting to do so—for example, dogmatic classroom teaching strategies can
easily reinforce executive thinking style over other thinking styles. Thinking styles would
guide how to bring skills out. Skills would be evaluated by environment. Due to such

evaluations, thinking styles would be influenced by environment (Fig. 1).

Current research on thinking styles has a strong teamwork component. Secondary
issues receiving attention include relationships between thinking style on the one side and

skills and/or environment on the other. In the latter case, incompatibility requires a change



in either the environment or thinking style (Zhang and Postiglione, 2001; Zhang and
Sternberg, 2002), with environment receiving the bulk of research attention—especially in
the contexts of collaborative and adaptive learning. The second solution is considered

more difficult and perhaps unnecessary.

Influence

Skills

Environment

" Be evaluated by

Figure 1 Relationships among thinking styles, skills, and-environment.

| believe that more than one thinking style can be developed by carefully
manipulating three factors: skills, tasks, and teamwork. First, strong coordination between
skills and thinking style increases the potential for successful task completion. Second,
accomplishing certain tasks requires the use of more than one thinking style—for instance,
a legislative style for constructing questions, a judicial style for estimating design
feasibility, and an executive style for implementation. Third, teams may benefit from
having members who are capable of using more than one thinking style, especially for

more complex tasks. Flexibility in this regard can reduce redundancy.



2.2. Approach to Developing a Thinking Style

The system used a combination of dialogic strategy (as suggested by Sternberg,
1996), reinforcement learning theory (Sutton & Barto, 1998), and an agent-assisted
learning approach with Internet-mediated simulations to determine whether or not
multiple thinking styles can be developed. Our choices were based on our belief that
individuals are strongly influenced by their environments. Furthermore, reinforcement
learning theory—with its focus on learning what to do and how to map actions to
situations—emphasizes environmental interactions and the need for practice in order to
increase concept familiarity. The three primary elements of reinforcement learning are
policy, rewards, and environment (Hange & Krose;1997). In this system, thinking styles

represent policies, suggestions serve as rewards, and simulations are the environment.

Common agent roles in educational settings include peer tutor (Chan & Chou, 1997),
tutee (Biswas, et al. 2001), collaborator (Hietala & Niemirepo, 1998; Ryokai, Vaucelle &
Cassell, 2003), competitor (Chan & Baskin, 1990), and troublemaker (Aimeur & Frasson,
1996). The text-based agents in this project served as tutors and collaborators. |
programmed agents to provide clues and rewards and to engage students in order to
stimulate specific thinking styles. The clues were presented in the form of hints that
encouraged the use of skills that were specifically associated with the targeted learning

styles.

Scholars believe there are several advantages to using Internet-mediated simulations

versus traditional teacher-centered approaches (Zola & loannidou, 2000; Edward, 1997,



Christense, Heffernan & Barach, 2001): a) it is easy for a computer to simultaneously
present information and collect data on individual learners without interruption; b) they
allow for experimentation without the distracting intervention of live researchers; c) their
long-term costs are lower; and d) they exert greater control over potentially complex
interactions between humans and learning environments (Hsieh & Sun, 2004). Because of
the advantages of the environment above, using the Internet-mediate simulation as
developing environment could let the experiment more effective. (The detail of all

background knowledge, please see appendix A.)



3. IMPLEMENTATION

3.1. Experiment

The goal of this system is developing thinking styles. The system analyzed weaker
thinking style according learners’ thinking styles questionnaire. Then the system would
assist learner on certain thinking style in a designed situation. The system would give
repeated training that would guide learner using the thinking style to display the skill in

the environment.

This experiment consisted of four!steps: pretest > developing thinking style -
system suggestions —> posttest: Students -were ‘asked to fill in Thinking Styles
questionnaire (Sternberg, 1994) «in step 1-and step 4. The questionnaire contained 15
items—5 executive, 5 legislative,”.and”5 judicial. \Responses were measured along a
7-point scale, with 1 = not at all well, 2 = not very well, 3 = slightly well, 4 = somewhat
well, 5 = well, 6 = very well, 7 = extremely well. Using the questionnaire could obtain the
participants’ thinking styles before and after the experiment and to measure the change
from pretest to posttest. According to participants’ change of thinking styles, it can

examine that the system could help developed or not.

In the step 2, the system would give participants stimulations to influence
participants’ thinking styles. To stimulate specific thinking styles and to promote learning
motivation, | created a scenario and wrote a story script about a hero who must move

through a maze and collect magic stones in order to prevent a major global disaster. The



script contained many tasks requiring one of the three primary thinking styles for
completion. The scenario was designed so that learners could practice thinking styles

according to cues given by the system.

Because | wanted to experiment with developing individual thinking styles, it
separated the 157 student participants (all majoring in information processing at a
vocational high school) into three groups: executive (52), legislative (45) and judicial (60).
Separating standard is dependent on the weakest one of all thinking styles which is owned
by the participant. At the beginning of the one-week study period, participants in the
developed executive thinking style group were given instructions on how to complete the
task, those in the developed legislative.thinking style group were given the task goal, and
those in the developed judicial thinking style group were given data, rules, and competing
methods for decision-making. In terms of measuring success, this system were less
interested in task completion rates than in encouraging learners to use specific skills
associated with their targeted thinking styles. (The detail of experiment, please see

appendix C.)

3.2. Models

| divided the system into three models: data (used to record all data observed and
analyzed by agents), environment (used to define all objects and rules involved with
learner actions), and agent/intermediary (used to observe and collect data on learner
behaviors and to give appropriate responses). The environment model—composed of

controlled objects, system objects, and tasks—was used to manage interactions between



learners and system objects for purposes of task completion. Examples of controlled
objects are cars, machines, and robots used for interactions between students and agents
or system objects. System objects included anything that was not associated with agents
or controlled objects in the simulation environment (e.g., rooms, buttons, and stones).
Scripts were written to encourage learners to use certain combinations of system and

controlled objects in order to practice specific skills.

All agents made use of manager, task controller, and partner. Manager agents were
responsible for analyzing learner data and giving instructions to task controller and
partner agents. Task controller agents were responsible for controlling script procedures
and presenting task results. Partner.sagents :were responsible for giving hints and
encouraging the use of specific=functional- thinking styles. Achieving this objective
entailed five steps: a) task controller agents presenting-tasks to learners; b) partner agents
observing learner behaviors; c) partner agents sending information to the data model for
analysis by manager agents; d) manager agents giving the partner agents instructions
based on their analyses; and e) partner agents giving rewards to learners based on

manager agent recommendations (Fig. 2).

The data model consisted of two parts: system data (containing system control rules
and expert suggestions), and a student model (observed by agents and the system for
experimental analysis). When designing system control rules, programmers relied on
suggestions made by Sternberg. The student model was assembled from information
collected by partner agents and analyzed by manager agents. The main function of the

data model is to establish a student model; the agent model acts as an intermediary



between the data and environment models, with the latter being used to construct the user

interface (Fig. 3). (The detail of model, please see appendix B.)

Manager agent Task agent
A
d c a
A 4 b A 4
Partner agent [ @
e

Figure 2 Agent flowchart

Data A:Collected data
Student Model B. Constructed data
5 C: Reward analysis
D: Task controlled instruction
C B
\ 4 A
Agent < Environment

A 4

Intermediate User Interface

Figure 3 Relationships among the various models



4. RESULTS

4.1. Degrees of Functional Thinking Style Development

The experiment used Thinking Style Inventory supported by Sternberg. For each
thinking style, the maximum score is 35 points. The minimum score is 5 points. It obtains
changed score between posttest and pretest in each person. Finally it obtains the average

different score from all participants.

The potential for developing thinking styles in individual learners was confirmed via
statistically significant, positive changes'in pre=-and posttest scores (Table 1). One point
on development shows that person changed his eriginal statement to higher one in one
question of the questionnaire. It obtains,the average differences of all participants in each
thinking style. For the executive, the differences were measured as an average of 0.48
points; for legislative styles the average difference was 0.49 points; for the judicial style
the average difference was 1.58 points. The greatest change (t = 4.489) was noted for
judicial thinking, with the data revealing an average increase that was twice that of the

other two thinking styles.

According to the results presented in Table 2, there were 2.61 scores development in
judicial thinking style among members of the developed judicial thinking style
group—much larger than the 1.81 degree increase in legislative thinking style within the
developed legislative thinking style group or the 1.16 degree increase in executive

thinking style among members of the developed executive thinking style group. Of the

10



three thinking styles that were the focus of this study, the smallest change occurred in the
developed executive thinking style group. The Table 2 data also supports the assertion that

the proposed system was best at developing a judicial thinking style, but was also

valuable in terms of developing an executive thinking style.

Table 1 Pretest Scores, Posttest Scores, and Degree of Development Statistics for Each Functions of

Thinking Style.

Average Change Between
Functional Thinking Style Score Pre-/posttests Pairedt | P
Executive Pretest 22. 82
0.48 1.244 0.224
Posttest 23.30
Legislative Pretest 23.61
0.49 1.415 0.160
Posttest 24.10
Judicial Pretest 14358
1.58 4.489 0.000***
Posttest 21. 16
*** Significant at p<0.001.
Table 2 Thinking Style Development Data for the Three Developing Groups.
Developing Group Thinking Style Average Degree of Development | t p
Executive Executive 1.16 2.081 0. 044%
Legislative -0.49 -0.993 0.326
Judicial 0.84 1.608 0.115
Legislative Executive -0. 46 -0. 564 0.577
Legislative 1.81 2.523 0.017%
Judicial 1.42 1.989 0. 056
Judicial Executive 0.48 0.657 0.515
Legislative 0.53 0.898 0.375
Judicial 2.61 4.310 | 0.000%kx

* Significant at p<0.05 ; *** Significant at p<0.001.

11




4.2. Side Effects and Participant Feelings

As shown in Table 3, the average decrement means the average decreased scores of
participants between pre- and posttest. Executive thinking style in legislative developing
group decreased most (i.e., 4.58) and increased very less in the three total decrement
scores of three styles —that is developing legislative thinking style may influence
executive thinking style.

Table 3 Average Increases and Decreases in Functional Thinking Styles among the Three Developing

Groups.

Developing Group Thinking Style Average Increase Average Decrease
Executive 4.19 2.38

Executive Legislative 2.63 3
Judicial 3.0 3.38
Executive 2.3 4.58

Legislative Legislative 43T 3
Judicial 4.06 3.22
Executive 3. 718 4.25

Judicial Legislative 3.33 2.93
Judicial 4.19 2.5

Further evidence that this system had a positive effect on learner motives and
interests came in the form of student responses to items on a questionnaire designed to
measure attitudes toward the system. Of the 157 participants, 15.9 percent felt that the
system was very interesting, 62.1 percent interesting, 20 percent acceptable, 1.3 percent
not interesting enough, and 0.7 percent boring. From their responses, | learned that my
approach to providing system rewards became repetitive to the point of becoming

monotonous. In terms of system agent usefulness, 8.5 percent felt that they were very

12



useful, 31.7 percent useful, 21.8 percent acceptable, 23.9 percent not useful enough, and
14.1 percent useless. Just over three-fourths (78%) of the participants felt that the system
was interesting or acceptable, but less than half (38.7%) felt that the system agents were

useful. (The detail of result, please see appendix D.)

13



5. CONCLUSION

The results of this experiments show that thinking styles can be developed and
enhanced; however, they also imply that development in one is likely to detract from the
strengths of others. This paper proposed a method to developing functions of thinking
styles and proofed that functions of thinking styles could be developed effectively. The
results indicate the importance of proper techniques for giving learners practice in skills
that lead to the development of specific functions of thinking style. This system was most

effective in terms of developing judicial thinking style.

These findings require confirmationiand expansion in several areas: first the potential
for developing other thinking styles. Other thinking styles may be able to be developed. It
needs us to discuss more detail. Secondly,-agents need more friendly and smart. Finally,

specific techniques for developing mdividual thinking styles need to research.

14
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