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Abstract: At first sight, “TRIANGLE” appears to be just another piece of learning software but it
is much more than this, it is an experimental test-bed for examining motivational factors in
computer based training. Such a multi-media application derives its power of attraction from the
quality of the interface design and the multi-medial content. Used as a trial on a defined target
group of K12-students this learning module returns results on three basic effects; motivation,
incidental learning and what we term a “Tamagotchi-Effect” within a Game-Show-Setting.
Depending on how much an avatar has learned, it can answer questions for the player in the Game-
Show. The avatar serves as a personal “Tamagotchi”. Mathematics was chosen because it is rarely
the favorite subject of K12-students at the age of 14-16, therefore it is ideal for testing motivational
factors.

1. Introduction

A large variety of institutions are currently supporting Web Based Training (WBT) and Computer Supported
Learning (CSL) as the future solution for gaining knowledge and becoming "fit" for the growing requirements of
jobs in any field (cf. Rozell & Gardner, 2000). Even governments themselves and the European Union seem to see
the future of education systems in promoting computer based training as an alternative to the common learning
techniques used today (cf. Holzinger, 2000a, [WO1]).

Coming up with a vast amount of ideas and concepts, most programmers of educational software appear not to have
tested their products beyond interface usability aspects. With "TRIANGLE" [W02] we bring a specialized learning
module, implementing some ideas and motivational techniques of the state of the art multimedia development.
While appearing, at first sight, to be just another piece of educational software, the purpose is to provide a test-bed
for examining some new principles and ideas.

The module was originally based on the work for the masters thesis of two students of Graz University of
Technology, where they developed and implemented a Game-Show-like web based training environment named
"VRFriends". Details and both theses are available on [W03]. The basic Idea of "VRFriends" is to learn by playing a
quiz show. A virtual partner reacts on the players input, for example with anger, if all the answers are wrong, or
happiness if the player wins (cf. Holzinger & Maurer, 1999). When analyzing the pros and cons of this concept, we
detected the necessity of testing this learning module within its own target group (K12-students).

2. Concept of “TRIANGLE”

The concept of "TRIANGLE" is to provide a motivating computer game, where players need to gain knowledge in
order to win. But more than that, even if the player is not willing to learn, nevertheless he may do so by playing the
Game-Show and remembering the answers to given questions. In order to test the efficiency of the methods of
incidental learning and to measure degrees of motivation, there are some demands on the learning module:



Linearity and time limits: Test-persons must be forced to play the whole module without having too great scope in
controlling the game flow, also, there must be atime limit for the whole game.

Diversity: To identify oneself with the avatars in the game, the player must have the option to choose among a
diversity of characters.

Attractiveness: Multi-medial attractivenessis of extremely high importance. The game "must rock", has to "be cool"
in order to motivate. This is the most difficult part, because it also sets focus on hardware requirements (cf.
Holzinger, 2000d), which would not commonly be the purpose of learning software (seefig.1).

Measurability: The module itself has to provide values of some kind, which can be measured and - more important -
compared among different test-persons.

eSS ==
Heiguny .
it Bt Mervemd @il suier Fahit sl | gt
S enem Barghick manem O um
b i e i =300 1) Ll
b wrinded dabed F=0Mm

Heharanierzchiad ‘Welcha Steigung
et dap Etralenstick?

Fig.1 The “Game-Show”
3. Technological Background

3.1. HardwareAspectsand Software Considerations

When sending questionnaires to the schools which offered to be test partner in this project, we realized that the
different hardware status is a great problem in creating a homogeneous testing environment. So we decided to limit
the groups of test-persons (K 12-students) to 10 and let them "play" on notebooks with headsets, in order to minimize
disturbing influences and to have equal conditions for every group in any school.

While "VR-Friends" was strictly web based, we wanted "TRIANGLE" to be a state of the art multimedia, which
raised the requirements for a web based module to a very high bandwidth. As the motivational aspects had
precedence over public availability, and the amount of time invested in programming should not exceed the cost of
testing and research of retrieved data, we decided to use a standard multimedia authoring tool. Our choice was the
"Director 8" from Macromedia (cf. Endres-Niggemeyer, 2000). Additionally this software is made for publishing in
internet [WO05]. The current version can easily be converted to an internet application, by making use of the
"Shockwave" plug-in, which comes with most common internet browsers.

3.2. Open Architecture

Another requirement which we kept from "VR Friends" is an open architecture, which allows anybody to modify
contents and examples of the learning module. In the current version this is redlized by using a very simple



hypertext format for the learning material and Game-Show questions, including multi-medial content organized in a
strict directory and name system.

4. Theoretical Background

A big problem in successful learning is keeping the motivation for continued learning. This problem is most crucial
if the material to be learnt is difficult to understand or even worse, the learners do not have much personal interest in
the material but have to learn it for some "external” reason. In learning as such we have on the one hand intentional
learning - used in traditional computer assisted learning systems - on the other we have incidental learning (cf.
Holzinger & Maurer, 1999).

4.1. Why incidental learning isimportant

In traditional classroom learning as well as in traditional computer assisted learning sessions intentional learning
dominates. But not al learning is intentional, a fact often overlooked. Game-Shows are an ideal example. Also the
concept of avatars and agents (Wang, 1997; Lieberman, 1998). Many people are of the opinion that unless learning
is planned, setting out to learn some specific, one really hasn’'t learned anything. Worse, many people believe that
unless learning opportunities are offered by some institution, the learning is either of lower quality or, possibly, not
learning at all. According to Lankard (1995) incidental learning serendipitously increases particular knowledge,
skills, or understanding. Incidental |earning, then, includes such things as learning from mistakes, learning by doing,
learning through networking, learning from a series of interpersonal experiments. It is clearly obvious that incidental
learning is particularly powerful for children. And certainly nobody would deny that children up to the age of six are
learning quite a lot - their mother tongue for instance. But at the age of six incidental learning looses its importance
and is replaced by a "sit down, listen and repeat” approach (Anderson, 1985). Standard research experiments in
these fields include examples such as Anderson and Bower (1972), where one group of the testing persons was
informed that afterwards there would be a memory test, and the other group was not. The intentional group recalled
only 48,9 % of sentences while the incidental group recalled with 56,1 %, significantly more. Interviews later on
showed that the intentional learners performed less well because many of them were busy employing poor
memorization strategies, like saying the sentence over and over again to themselves. Many students are hampered in
intentional learning situations by their mistaken ideas about memory and memorization strategies.

4.2. Motivation

According to Brehm & Self (1989) intensity of motivation is reflected by changes in the sympathetic nervous
system. Increasing motivation is dependent on increasing arousal, which - as a psychological concept - refersto the
degree of aertness, awareness, vigilance, or wakefulness (Robbins, 1997). It varies from very low values (coma or
sleep) to very high values (panic or extreme anxiety), however the relationship between arousal and intensity of
motivation is not linear. This relationship is called the Y erkes-Dodson-Law, first described by Y erkes and Dodson
(1908), which points out that there is an optimal level of arousal for the most effective learning behaviour
(Holzinger, 2000b). The chance of the VR-Friends concept is to keep arousal of the students as often as possible in
optimal areas to get best learning performance. Berlyne (1965) pointed out, that one of the most important sources
of arousal are stimulation, meaningfulness, and for VR-Friends particularly relevant, the novelty of situations, and
the surprises that come with them. A further interesting cognitive factor is described by Brehm & Self (1989):
Motivational arousal may be a function of the extent to which the learner assumes personal responsibility for the
outcomes of behaviour. That is directly connected with something we call the "Tamagotchi-Effect”:

4.3. Tamagotchi-Effect

Since Tamagotchis [W04] became a worldwide success in 1997, experts have been wondering why these
Tamagotchis have been successful in such an unexpected way. It would be very interesting if these virtual beings
could be used for other, possibly, more useful things. As a result an idea emerged to develop a completely new
learning software that could considerably improve the quality of learning with computers by using such effects. This
approach was called "VR-Friends" and should represent some sort of virtual learning-companion based on the
Internet. VR-Friends differ in three ways from original Tamagotchis. They are kept happy if their owners answer
questions correctly, they are implemented in software, not in hardware and they live on the web.



5. Implementation

5.1. Incidental Learning

One of the main theses to be tested with "TRIANGLE" is the efficiency of incidental learning. The primary
knowledge imparted in the game is mathematical (the content is specialized on the triangle, hence the name). But an
equal amount of additional knowledge is involved. In the training phase these two areas of knowledge are not kept
separate, although internally there is a strict distinction between mathematical knowledge and additional facts,
meaning that the avatar also gains only mathematical knowledge, if the player only retrieves pages with primary
content.

5.2.  TheTamagotchi Effect

The virtual companion is implemented as a sequence of pre-rendered video files. In the training phase, the avatar
rests on the lower right side of the screen, reading in a book, looking around, talking to the player and reacting to
screen changes (see Fig.1). This is implemented by an event driven system. At every event occurrence a video
sequence is added to a animation queue. For greater diversity there are up to three different video sequences for the

same event. This avoids repetitions and makes the avatar more "alive". In the Game-Show the chosen avatar is one
of three candidates playing. Depending on the correctness of the answer it is delighted or sad.

But the most important fact about the Tamagotchi is the ability to learn with the player and to help in the Game-
Show. Thisisimplemented in avery simple, but effective manner. A routine calculates the time required for reading
the whole page, based on the number of words, after about 70% of this time passed without a change to another
page, the avatar "learns" this part of the material. Depending on how much the avatar has learned, it can answer
questionsfor the player in the Game-Show. So it is up to the player, the avatar itself is his"Tamagotchi".

5.3.  Moaotivational Factors

A multi-media application like "TRIANGLE" derives its power of attraction from the quality of the interface design
and the multi-medial content. On the other hand, the interface itself has to be quite functional, as it serves as a
replacement for common learning environments. While learning, the player deals with a text area ("the book™), a
multimedia content window ("the blackboard") and some navigational elements. The virtual companion also has a
very prominent place on the screen and is aways present and in motion. The training phase could bore some
students, so the avatar (the learning partner) comes up with witty comments, creating a moment of motivation to
continue learning in order to see al the funny comments. The primary motivational element is the Game-Show.
Here the player can show what he has learned and win points by answering correct questions. So the training
appears to be only preparation for the Game-Show, while really being the main purpose of the whole module. In
addition to the multi-medial components of the interface, animated jingles introduce the player to the phases of the
game. Music is not acarrying element throughout the program, neverthelessit fills the game show with ambience.

5.4. Open Architecture

An open architecture for the content data structure was a basic requirement. "TRIANGLE" is planned as a prototype
of learning software, which provides multi-medial fun and edutainment capabilities while being open to everyone
who likes to impart any kind of knowledge to students. Therefore a very simple hypertext format was devel oped.
There are two types of hypertext: content and examples, both in plain text format and divided in sections initiated by
defined tags. The examples contain the question title, the question, the correct answer and the maximum points.
Content consists of a head, any numbered tags and the information itself. In the text hyperlinks can be set by
formatting a word in a certain structure. The target of a hyperlink is simply the filename of another text file, similar
to HTML. In addition multimedia content can be povided by tags pointing at bitmaps or video files in the
corresponding directories, and also the witty comments of the avatar are defined in the content hypertext files.
Considering this simple data structure one can see that it would be easy to provide asimple content editor for
anyone who likes to adapt the module for hislearning material.



6. Experimental Setting

6.1. Target Group

The target group for testing our module were K12-students. There were a couple of reasons for this choice. The
students were aged between 14 and 16 and they already had some experience in using computers. The mathematics
curriculum is independent of the school type, which made it possible to test the module without the necessity of
producing various versions with different contents. Mathematics was chosen because it is rarely the favorite subject
of students at this age, therefore it isideal for testing motivational factors (cf. Boaler, 2000).

6.2. Classroom settings

Groups of ten students were placed in a classroom each equipped with a notebook computer. The first questionnaire
collected data about motivation, mood, readiness etc. Then the students played the learning module in a time limited
(20 minutes) training process, in which the students were alowed two attempts to win the Game-Show with a
maximum of points. During the game the module collected data about the user behavior. A further test of motivation
showed the students’ enjoyment when playing the game (and learning). Finally a questionnaire collected general
data.

6.3. DataProvided by Module

The module itself collected a variety of data, some for reasons of user interface testing, others required for
motivation tests. The program saved the datain an external file, which was easily transferred to a statistical program
(SPSS). The collected data contained: the chosen avatar, the number of correctly answered questions (divided into
mathematical and additional knowledge), the intensity of content study (by measuring time in relation to the amount
of text on a page), the number of hyperlinks followed, pictures watched etc. Most of this data were used to control
questionnaireresults.

7. Resaults

The first questionnaire measured the motivation according to the AMSScale (Gjesme & Nygaard, 1970). The first
15 items determining the performance of motivation (expectation and success). The remaining items measuring the
unsuccessfulness and fear. Thus, the first guestionnaire showed the level of motivation before starting
“TRIANGLE". Our program delivered the values during the game by storing al links used in log-files. The second
questionnaire set, after playing with “TRIANGLE", delivered a standard of comparison to the first test. Finally, a
special test showed the adjustment in attitude to mathematicsin school.

7.1. Thesis1: Incidental Learning

The results of the case study showed that additional factual knowledge provided by hyperlinks was also memorized.
Supported by carefully selected multimedia elements to serve as “anchor points’ the learner builds a network of
facts - amind map of the knowledge contained in hypertext. Since there was very little probability that the students
were acquainted with the material before their participation the correctly answered questions serve as prove for the
success of incidental learning.

7.2. Thesis2: Tamagotchi Effect

Although the students enjoyed the interaction with the virtual partner in the program, no positive effect was
measured in the case study. There were no significant differences in the motivation and success of the two groups
using different versions of “TRIANGLE”. The overall motivation was very high and the avatar or it's absence did
not influence on the groups enjoyment. The original concept of the “VR-friends’ could not be carried out. Due to the
low level artificia intelligence, time and technical limitations the personal interaction was weaker as planned. By
further experimentation more versions should be used.



7.3. Thesis3: Motivation

The case study showed a high level of basic motivation among the students using “TRIANGLE". Whether, due to
real interest in the program or the novelty of something new is difficult to judge: most students enjoyed the game
show. Severa students reacted emotionally to success and failure, showing that they were realy “in the game”.
These motivational factors can be used to intensity previously learned material. Multimedia elements received a
higher level of acceptance than the classical education methods. An advantage of this multi medial software was
proved by the correlation between the number of correct answers and the media elements participated in.

8. Links

[WO1] http://europa.eu.int/comm/education/elearning/index.html (eLearning Initiative of the EU, last visited 24" Oct. 2000)
[WO02] http://www.meet.at/triangle (Triangle Projectpage, |ast visisted 28" March 2001)

[WO03] http://www -ang.kfunigraz.ac.at/~hol zinge/vrfriends.html (VR-Friends-Page, last visited 28" March 2001)

[WO04] http://www.urban.ne.jp/homefjun/tama (Tamagotchi-Web-Page, Jun Matsuda, last visited 24™ Oct. 2000)

[WO5] http://www.macromedia.com/software/director (Director 8, last visited 25" Oct. 2000)

9. References

Arvind, V.; Vinodchandran, N.V. (2000): Exact learning viateaching assistants. Theoretical Computer Science, 241, 51-81.
Anderson, John R. (1985): Cogpnitive Psychology and Its Implications; 2™ Ed.; New York: Freeman, 172—173.

Apps, J. W. (1978): Study Skills for Those Adults Returning to School . New Y ork: McGraw Hill.

Boaler, Jo (2000): Mathematics from Another World: Traditional Communities and the Alienation of Learners. The Journal of
Mathematical Behavior, Val. 18, Iss. 4, 1 June 2000, 379—397.

Brehm, J. W.; Self, E. A. (1989): The Intensity of Motivation“. Annual Review of Psychology, 40, 109-131.

Economou, Daphne; Mitchell, William L.; Boyle, Tom (2000): Requirements elicitation for virtual actorsin collaborative

learning environments. Computers & Education, 34, 225-239.

Endres-Niggemeyer, Brigitte (2000): SimSum: an empirically founded simulation of summarizing. Information Processing and
Management, 36, 659-682.

Gjesme & Nygaard (1970): AMSscale. In: Rheinberg, F.; Krug S. (1999): Motivationsforderung im Schulalltag. Géttingen,

Bern, Toronto, Seattle: Hofgrefe, 194—200.

Gobet, F.; Wood, D. (1999): Expertise, models of learning and computer-based tutoring. Computers & Education, 33, 189-207.
Guynup, Steve; Carlson, Kyle (2000): Avatar as Content Delivery Platform. Future Generation Computer Systems, 17, 65-71.
Hall, John F. (1982): Learning and Memory* 2" Ed.; Boston: Allyn and Bacon, 301-302.

Holzinger, A.; Maurer H. (1999). Incidenta learning, motivation and the Tamagotchi Effect: VR -Friends, chances for new ways
of learning with computers. Computer Assisted Learning (CAL) 99 Abstract Book, London: Elsevier, 70.

Holzinger, A. (2000a): Multimedial Learning through networking in Austria: it works. Ministerial Conference on the Knowledge
and Information Society - eEurope a Web of Knowledge, Lisbon, Portugal April 11, Talk in English.

Holzinger, A. (2000b): Basiswissen Multimedia, Band 2 Lernen: Kognitive Grundlagen multimedialer Informationssysteme.
Wirzburg: Vogel.

Holzinger, A. (2000c): Effektivitat von Multimedia - Motivation, Aufmerksamkeit und Arousal. GMW FORUM, Zeitschrift der
Gesdllschaft fir Medien in der Wissenschaft; 1/00, University of Siegen, 10-13.

Holzinger, A. (2000d): Multimedia Uber Breitbandnetze: Telekom-Technologien fir heute und morgen. Computer
Kommunikativ, 3/2000, Vienna: Austrian Computer Society (OCG), 20-23.

Lankard, Bettina A. (1995): New Ways of Learning in the Workplace ERIC Digest 161. Columbus (OH): ERIC Clearninghouse.
Lieberman, H. (1998): Integrating user interface agents with conventional applications. Knowledge-Based Systems, 11, 15-23.
Lefrancois, Guy R. (1994): Theories of Human Learning: Kro's Report. 3™ Ed.; Pacific Grove: Brooks/Cole Publishing
Company, 238-239.

Meadman, Craig A. (1993): Incidental Learning by Adults in a Nontraditional Degree Program: a Case Study. Presented at:
Midwest Research-to-Practice Conference in Adult, Continuing, and Community Education; Columbus (Ohio), October 13-15,
1993. Online at http://nlu.nl.edu/ace/Resources/Dokuments/I ncidental .html

Nakamura, Ichiya; Mori, Hideki (1999): Play and learning in the digital future. IEEE Micro, Vol. 19, Iss. 6, 36-42.

Pina, Alfredo; Cerezo, Eva, Seron, Francisco J. (2000): Computer animation: from avatars to unrestricted autonomous

actors: A survey on replication and modelling mechanisms. Computers & Graphics, 24, 297-311.

Robbins, Trevor W (1997): Arousal systems and attentional processes. Biological Psychology, 45, 57-71.

Rozell, E. J.; Gardner, W. L. (2000): Cognitive, motivation, and affective processes associated with computer-related
performance: a path analysis. Computers in Human Behavior, 16, 199-222.

Schroeder, Michael (2000): Towards a visualizaion of arguing agents. Future Generation Computer Systems, 17, 15-26.

Wang, Huaiging (1997): Learn OOP: An Active Agent-Based Educational System. Expert Systems With Applications, Vol.12,
No.2, 153-162.



