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Preface 
 
Before you lies a paper that will rock your world.  
 
Well, it rocked mine, at least. This paper is the end result of eight months of hard labour. 
Eight months of being focussed on one project, a feat I have never accomplished before. I set 
out to make a difference. I had big plans; one among them was to conquer the world with 
my new revolutionary way of learning. People would learn faster and had fun doing it too! 
 
Unfortunately, things did not go as planned. I am not a billionaire (yet), hardly anyone is 
playing my learning game and this project was not always all that fun to work on either. This 
paper will tell you how things did go the past months. It was not all that bad either, I learned 
a lot. I learned about myself, about others, about cooperation and communication and not in 
the least about English. I am taking these lessons to heart. I actually learned them while 
doing, and that is exactly what this paper is all about! Playing is a form of doing and we 
often neglect the doing part in our learning processes. A lesson in a lesson, nice! 
 
Enough about that, first and foremost, this is a place for me to thank the people that helped 
me defeat this beast. First, I would like to thank my supervisors Hedderik van Rijn and 
Michaël Bas for guiding me, pointing me in the right direction and keeping me on track. 
Second, I would like to thank the people at Ranj who helped me create my game. My thanks 
also go out to Loes Groen, who told me the ins and outs of English grammar. I am also very 
grateful to the following schools for their participation in my experiment: Het Rhedens 
(Dieren), Het Baudartius College (Zutphen), Vrije School de Berkel (Zutphen), Stedelijk 
Scholengemeenschap Nijmegen (Nijmegen) and Het Agnieten College (Zwolle). 
 
Finally, I would like to thank my friends and family for their support, and especially my 
girlfriend Hiske Feenstra. She was there for me when I needed her and pushed me to finish 
this project a bit on time. Without the help and support of all mentioned above I could not 
have finished this work. My thanks, again.  
 
 
Dieren, 09 January 2008 
Albert Hankel 
 
 



 

 

Summary 
 
This thesis discusses the merits of several educational techniques on the computer. First the 
theoretical backgrounds on Serious Games, Intelligent Tutors and Animated Pedagogical 
Agents are described. These backgrounds are used as a backbone for the experiment, which 
was set up to identify which of these techniques enhance the learning process and whether 
the combination of these techniques creates a synergy effect. A program with game elements, 
tutoring elements and an agent was created to teach a number of basic English grammar 
rules. This program was tested under various conditions. The results show that there was 
indeed a synergy effect, but no singular effects were detected. This might be attributed to the 
pre-motivation of the classes who participated in the experiment. In addition, a 
questionnaire was used to measure the opinion on various elements in the program of the 
participants. In general, the program was perceived as likeable, challenging and instructive.  
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1 Introduction 
 
Since education became mandatory for our children people have put much effort in creating 
and improving an educational system fit for mass learning. The set-up of classroom teaching 
is no doubt known to everyone: an adult teacher is educating a group of children, usually 
through the use of textbooks and blackboards. Students1 are often examinated through 
standardized tests in which their performance is expressed by a certain grade. People have 
criticized the way teachers teach, the size of classes, the way textbooks are used or made, the 
way students are evaluated, etc. This criticism has led to many different systems and thus 
many ways to think about education. There is probably not an absolute right or wrong but 
the combined effort is gradually improving our educational system. This thesis hopes to 
contribute a little to the quality of education in general as well.  
 
One of the main questions in studies on education is how students can be motivated 
(Weiner, 1990)? Why are students not willing to learn in some situations? How can we 
change the way we teach in such a way that we are able to motivate them? It is this latter 
question that this paper will address. The most logical course of action is to find something 
that motivates students and use that to carry educational content.  
 
In forty years the computer gaming industry has grown to a billion dollar business. Gamers 
often spend hours per session to play their games. Most of these gamers are children or 
young adults (although older gamers are becoming more common every day) who are 
apparently very motivated to play. What if they invest their time into a game which teaches 
something useful to boot? This idea is practically as old as the first computer game and is 
one of the central topics in the field of Serious Games. Games are Serious when they provide 
more than entertainment; they can be used to educate, to advertise, to promote, to 
communicate an important message, etc. Even though the idea to use a game to facilitate the 
learning process sounds good, few successful edu-games have been developed. Schools are 
using the computer more and more as a tool in education but learning through a game is 
often not present in curricula. Computers are often used to improve administration and 
communication within and over courses or as drill-and-practice systems but not as 
motivating and intelligent environments in which students can explore educational content.  
 
Although drill-and-practice software is widespread, they are often not well equipped for 
more complex learning. There was a need for more intelligent software designed to adapt to 
the student. This has led to the development of many different systems among which a class 
of systems known as Intelligent Tutoring Systems (ITS). In short, these systems have an 
expert module, a teaching module and a student module. The student module tracks the 
student while solving a problem provided by the teaching module and the expert module. 
By registering errors and successes the student module can create a model of the knowledge 
of the student, which can then be used to give individual intelligent feedback or provide a 
problem that addresses a gap in the students’ knowledge.  
 

                                                      
1
 Throughout this paper I will use the word student for any kind of person who is being educated in 
any way.  
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Aside from educational content, more recent research has also focussed on the 
communication between ITS and students or the presentation of ITS to students. This has led 
to the personification of such systems, realized through something that is called an animated 
pedagogical agent. Students communicate through such an agent with the ITS, which makes 
education through ITS more social. In addition, these agents seem to improve the learning 
process of students (Lester et al., 1997). 
 
Games, ITS and animated pedagogical all seem to be able to contribute to the learning 
process. It is possible that they share properties, which are actually responsible for their 
positive effects (instead of the whole technique). How can one determine what property or 
technique has a positive effect on learning and what does not? This is also one of the reasons 
why games are not very successful in schools. It is hard to assess what has been learned by 
students using such games and if they learned because of the game. This paper will explore 
the possibilities of combining an ITS using an animated pedagogical agent with an 
educational game. The experiment intends to show that an accurate student model can be 
created which assesses the learning process while the game is effective and motivating for its 
users.  
 
The next chapter gives a general notion on how learning is viewed in current education. 
Chapter 3 describes games in general and in education. Chapter 4 describes Intelligent 
Tutoring Systems and chapter 5 describes animated pedagogical agents. The experiments 
and the game are described in chapter 6. The results of the experiments can be found in 
chapter 7 and the discussion of the experiments and their results complete this paper in the 
final chapter.  
 

1.1 Research Questions 
 
Can a Pedagogical Agent using Cognitive Tutor techniques in a Serious Game contribute to 
the learning process and improve it?  
 
The expected answer is that these combined techniques will contribute to the learning 
process. The experiment will also specify (to a certain extent) which technique enhances 
learning and whether there is a synergy effect when all of the techniques are combined. In 
that sense it is expected that the game itself does not add to the learning process, opposed to 
the agent/tutor, but that synergy is present as well.  
 
Are users more motivated to learn using a Serious Game? 
 
The expected answer is that users are more motivated to learn using a Serious Game. Note 
the difference between a Serious Game and a normal (video/computer) game. Normal 
games are without a doubt motivating, but are Serious Games as well? 
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2 Current Education 

2.1 Learning Theories 
 
Learning theories describe how people learn. Three main perspectives emerged over time, 
being behaviourism, cognitivism and constructivism. There is no known best way to teach, 
and there may never be such a way. Most experts think that the way one teaches depends on 
what one wants to teach. Gagné expressed his ideas on this in his Conditions of Learning 
(1985). He specified five categories of learning: verbal information, intellectual skills, 
cognitive strategies, motor skills and attitudes. Each category needs internal and external 
conditions to allow learning to take place. Because these conditions are different for each 
category, the learning theory that generates these conditions optimally, can be best applied 
to the learning task. 
 
Behaviourism as a learning theory is based, among others, on the ideas of Skinner (1953, 
1974). Stimulus and response play a critical role (operant conditioning) and the human brain 
is treated like a black box. The learning process is guided for example by praising good 
behaviour; teachers (extrinsically) motivate students to repeat such behaviour. Behaviouristic 
programs often teach complex behaviour by starting simple and repeating the simple 
exercises until they are mastered at which point slightly more complex behaviour is trained 
until the target behaviour is reached. Behaviourism is typically associated with drill-and-
practice programs, where feedback is usually aimed at right/wrong instead of creating 
understanding. 
 
Cognitivism is basically an expansion of behaviourism. The main difference is that 
cognitivists allow for mental states. This is mainly reflected in the kind of feedback that is 
given after a student responds to an exercise. Feedback is used to give a student 
understanding by relating concepts, suggesting (cognitive) strategies, etc.  
 
In constructivism the individual is placed before the content to be learned. Each learner is 
unique and one’s experiences and environment are important factors in learning. Students 
are expected to be independent and self-responsible. In addition, interaction with teachers 
and fellow students play an important role. By doing exercises together, students (preferably 
each with different expertise) can guide and learn from each other. The idea is to let students 
discover principles themselves by working on real-world problems and form (construct) new 
ideas and concepts based on past experience.  
 
These approaches do not have to be mutually exclusive as mentioned above. Behaviourism 
can be a very effective approach when teaching meaning of symbols or facts, such as 
learning the meaning of words in a foreign language. In other situations other learning 
theories can perform better. Again, what one wants to teach is very important when deciding 
how to teach. Furthermore, these theories might not only be applied to content, but 
environment as well. Perhaps a cognitivistic approach works better in a classroom 
environment when dealing with language, but such an approach might work better in a 
game environment when dealing with math. These various ways to teach something will 
also be reflected by the next chapters mainly when discussing games and ITS. These 
approaches affect the design processes of these programs and thus it is useful to keep the 
learning theories in mind. 
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2.2 Motivation and Education 
 
Motivation is crucial for learning (Dweck, 1986). When students are not motivated, their 
performance decreases because of the lack of effort they are willing to put in a task. Research 
distinguishes between two kinds of motivation: intrinsic and extrinsic motivation (Ryan & 
Deci, 2000). When students are intrinsically motivated, they engage in an activity for it’s own 
sake. They have no reason for doing something except for the activity itself and having fun: a 
hobby is a classic example. Extrinsic motivation is associated with rewards that are not 
important to the activity itself, such as money or praise. In other words, individuals do 
something because of external reasons. Of course, activities can have some of both, for 
example when one loves his work. Or, after the ideas of Ryan and Deci (2000), motivation 
can be thought of as a continuum (figure 1). “The concept of internalisation [of motivation] 
describes how one’s motivation for behaviour can range from amotivation or unwillingness, 
to passive compliance, to active personal commitment. With increasing internalisation (and 
its associated sense of personal commitment) come greater persistence, more positive self-
perceptions, and better quality of engagement” (Ryan & Deci, 2000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To maintain intrinsic motivation, autonomy (opposed to external control) is important. 
Studies have shown that external rewards can undermine intrinsic motivation (Lepper et al., 
1973), which is interpreted by Ryan and Deci (2000) as “a shift from a more internal to 
external perceived locus of causality”. According to their theory, “people experience 
[rewards, threats, deadlines, directives and competition pressure] as controllers of their 
behaviour”. However, shifts from some form of extrinsic motivation to intrinsic motivation 
are common as well. When people have an increased understanding of their actions and thus 
their values, they might discover that an activity is more satisfactory for the self than 
previously thought.  
 
Being in some way motivated is by definition more beneficial for activities than being 
amotivated. It is likely that given the continuum in figure 1, the strength of such benefits 
increase when going from left to right. According to Ormond (2003), motivation can have a 
number of benefits, it can: 

Fig. 1: Taxonomy of human motivation (Ryan & Deci, 2000). 
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 Benefits of being motivated 
 

1. Direct behaviour toward particular goals 
2. Lead to increased effort and energy 
3. Increase initiation of, and persistence in, activities 
4. Enhance cognitive processing 
5. Determine what consequences are reinforcing 
6. Lead to improved performance 

 
From observations in everyday life, it is likely that many people experience school activities 
as not intrinsically motivating. As Ryan and Deci (2000) put it: “Given that many of the 
educational activities prescribed in schools are not designed to be intrinsically interesting, a 
central question concerns how to motivate students to value and self-regulate such activities, 
and without external pressure, to carry them out on their own.” In other words, how can 
educational activities be made as intrinsically motivating as possible (in order to optimise the 
benefits of motivation)? More importantly, given the shifts on the continuum, how can a 
high level of motivation be maintained? The experiment in this paper uses two approaches to 
attempt to increase motivation: creating a sense of understanding and competence, and 
designing enjoyable activities. When one understands why one is doing something and 
when one thinks one is capable of doing something, one is able to create internal goals 
opposed to external goals. E.g. “I want to write the greatest book in the world, so I have to 
learn how to spell and how to apply grammar rules” opposed to “I have to study real hard, 
because my parents want me to get high grades (or else I get punished)”. Being able to enjoy 
oneself can of course be seen as a internal goal as well, but this has no separable outcome. 
The first approach (understanding) is used when designing ITS, the second (enjoyable) when 
designing games, although there is some overlap. 
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3 Games 

3.1 Why are Games Motivating? 
 
Computer games seem to motivate children in such a way that they are willing to spend 
hours of their free time playing games without any external reward: they are intrinsically 
motivating. Thus it is interesting to look at which features of games are motivating. More 
importantly, can these features be used to intrinsically motivate children to learn, to spend 
their free time in education? Two other aspects should be noticed when considering the use 
of computer games. For one, computer games (and technology in general) may change the 
way children develop their cognitive skills in comparison to previous generations (Prensky, 
2001). The second aspect is that games might spawn new kinds of learning environments, 
which could be more efficient at teaching certain types of subjects than current learning 
environments (Facer, 2003). These factors make it worthwhile to investigate the potential 
benefits for games in education. 
 
One of the earliest studies on the motivating features of computer games was done by 
Malone (1981). By varying elements in the same game, he discovered what, according to him, 
made games motivating: challenge, fantasy and curiosity. Since then, many more properties 
of games were claimed to be motivating which resulted in little consensus and confusing 
terminology. In an attempt to harmonize these efforts, Garris et al. (2002) reviewed the 
literature on motivation and games to create six broad categories: fantasy, rules/goals, 
sensory stimuli, challenge, mystery (i.e. curiosity) and control.  
 
Fantasy represents the idea of imaginary content and characters. Garris et al. (2002): 
“Fantasies allow users to interact in situations that are not part of normal experience, yet are 
insulated from real consequences” and “research suggests that material may be learned more 
readily when presented in an imagined context that is of interest than when presented in a 
generic or decontextualized form”. According to Rieber (1996), fantasy can be present in two 
ways: exogenous and endogenous to the game content. If the fantasy is separate from the 
learning content it is exogenous, and if it is related to the learning content it is endogenous. 
“The advantage of an endogenous fantasy is that if the learner is interested in fantasy, he or 
she will consequently be interested in the content” (Rieber, 1996). 
 
Rules and goals enhance performance and motivation when they are clear, specific and 
difficult (Locke & Latham, 1990). Having a different set of rules and goals from everyday life 
and enough freedom to choose one’s action seem to play an important part as well. The same 
goes for unfamiliar sensory stimuli, the third dimension in games and motivation. When a 
game presents unknown sounds and animations it grabs the attention (and curiosity) of 
users. 
 
According to Malone and Lepper (1987) players desire an optimal level of challenge, i.e. not 
too easy and not too difficult. Adding a random factor or hiding information, thus making 
the outcome of actions uncertain, can make a game more challenging, for example. In 
addition, it is important to reward the player appropriately when a goal is reached. Also, 
proper feedback is necessary to guide the player in the right direction. For curiosity (or 
mystery), there is also an optimal level of complexity, which means that environments 
should be complex enough (but not too complex) to be novel and surprising (Malone, 1981). 
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Finally, “control refers to the exercise of authority or the ability to regulate, direct, or 
command something” (Garris et al., 2002). Even the illusion of power or choice is enough to 
increase motivation. This characteristic might explain why lectures are often considered 
boring (also note the resemblance with section 2.2): the amotivation caused by lack of control 
is not compensated by other motivational cues, such as sensory stimuli or curiosity 
(surprises).  
 
Most of these characteristics are not unique to games, but they do explain the contrast of 
playing games voluntarily or doing homework voluntarily. Doing homework is often 
straightforward; there is no fantasy involved and curiosity and challenge are used in a 
wrong way. In addition, children often ask why they are doing a particular set of homework, 
i.e. the goal is not clear or meaningless to them. It would be interesting to see educational 
content designed with these motivational characteristics in mind.  
 

3.2 Learning Principles in Games 
 
In his book, Gee (2003) claims that good computer games are often good learning 
environments. He claims that games can be more than just motivating. He defines 36 
learning principles, which he found in various computer games. Although most of these 
principles are sound, some are debatable because, first, Gee writes them from a social 
perspective based on semiotic domains2 and, second, they are based partly on personal 
experience. He nevertheless shows that games can offer good learning (although most of his 
statements can be used for simulations as well).  
 
One of the more powerful aspects of computer games is their ability to embed information in 
the proper context. Computer games can simulate a world in which users can explore and 
experiment. This is also one of the reasons why there is a debate on the definitions of a game 
and a simulation; it is hard to see a clear difference. When users are confronted with such an 
environment, they will quickly theorize, form and test hypotheses and reformulate them 
where necessary. This process is very similar to the way scientists do their research.  
 
Putting students in a proper world to learn is not enough. One cannot expect someone to 
learn well in a rich and detailed environment, which he knows nothing about. This situation 
is comparable to giving someone an advanced textbook on some topic unfamiliar to him. It is 
important to realize that computer games or simulations offer the opposite kind of learning 
as opposed to textbooks. Textbooks are a natural form of instruction where computer games 
are a natural form of construction. Both types of learning are important (and perhaps 
necessary) to master a certain topic without too much struggle. When one of these methods 
are severely lacking, it is hard not to get lost in the learning process if the content is complex 
enough. 
 

                                                      
2
 “By a semiotic domain I mean any set of practices that recruits one or more modalities (e.g., oral or 
written language, images, equations, symbols, sounds, gestures, graphs, artefacts, etc.) to 
communicate distinctive types of meanings.” (Gee, 2003) Learning involves mastering a semiotic 
domain and the ability to participate in groups connected to these domains.  
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Even though one might expect computer games to offer little instruction, they still offer 
complex material to learn. How do game designers cope with the instruction part of 
learning? Such instruction is often embedded in the game. A common way to embed 
instruction is to offer a tutorial. The tutorial is a simplified environment in which basic 
controls and features are explained to the user. Users can often experiment until they are 
satisfied with their skills. More importantly, actions are not heavily penalized, or not 
penalized at all. This allows users to familiarize themselves with the environment and the 
controls without constantly having to start over. Such a tutorial can also be embedded in the 
game as the first mission a user has to carry out.  
 
Missions are a good example to explain the learning curve in computer games. A good 
computer game offers increasingly hard missions, possibly expanding controls and options 
for the user to manipulate the environment. The full power of a user in a computer game is 
thus only available at the end. By dividing mastery of a computer game in steps (through 
missions for example) a user never has to be afraid of drowning in the complexity of the 
game; games offer the right level of complexity at the right time. In doing this, they remain 
challenging as well, another important aspect in learning and motivation.  
 
To summarize, games can offer good learning environments by providing a world for users 
to explore. While there are many aspects of games that classrooms often lack, the opposite is 
also true. Thus, computer games should not be seen as a replacement of classroom 
instruction but rather as a complement. Games attract discussion and collaboration which 
both stimulate learning. To make a game successful, be it at learning or in general, design is 
important. Poorly designed games provide poor learning experiences.  
 

3.3 Effects of Educational Games 
 
Are the theories of Gee (2003) supported by empirical evidence? Many studies on the 
effectiveness of games in education have been done, among which a review by Randel et al. 
(1992). They found that only 32% of the studies showed differences favouring games (and 
simulations) above traditional classroom teaching; however recent studies seem increasingly 
more positive (Rosas et al. 2003, Virvou et al. 2005, Hogle, 1996). So there is much debate on 
the effectiveness of games, which shows that the combination of games and education is not 
a simple matter.  
 
What makes the use of games in education complex? First of all, games may not be 
motivating when students are forced to play them (Facer, 2003). Learning is often viewed as 
diametrically opposed to having fun. The solution might be to create an environment in 
which the player does not know that he is learning and is just playing the game. This is 
usually called ‘stealth learning’. The problem is that there is often a trade-off between game 
elements and educational content; a trade-off between spending time on gaming and 
spending time on learning. Second, how can a game measure progress in a student 
concerning a learning task? Is the student learning how to play the game or can he apply his 
knowledge of the game to other domains? Does the student really understand what is going 
on when he advances in a game or did he fool the game by (accidentally) pushing the right 
buttons (playing the system)? These are questions that should be addressed when one 
incorporates learning in games. Finally, there are gender issues. Games are often designed 
from a male perspective and may thus be less motivating for female students (Jenkins & 
Cassell, 1998). 
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A recurring conclusion of research on educational software is that weaker students seem to 
benefit more than students with normal or high performance (Vivou et al. 2005, among 
others). This supports the idea that every student needs an individualized learning 
environment to maximize the effectiveness of their learning process; i.e. some students need 
more visual stimuli, others need more audio or textual stimuli to perform optimally. Even if 
games or other educational software turn out to be little improvement for most people, there 
are almost certainly groups of people that do benefit from such learning environments, 
because they perform better in a game-like environment opposed to a traditional classroom 
setting.  
 
It is likely that a game-like environment is not always the best solution to learn something. 
Just as was mentioned in chapter 2, how one teaches something best, depends on the content. 
In fact, given the above, the best learning environment (be it game-like, classroom or 
something else) is probably determined by content as well as the individual learner. It is 
dangerous to design an educational game, just to design a game. There is no manual that 
says: if you design a game like this, it will make your users learn better. Although perhaps 
under appreciated, games are likely to be more effective than other environments, given the 
right circumstances.  
  

3.4 Overview of Educational Games 
 
There are many games out there, which attempt to teach something to its players. In fact, all 
games probably transfer some knowledge or skill, just like movies or books do. Here are two 
examples of games that are designed to educate its players. They will demonstrate how 
games can teach content. Only games with the purpose to educate or train are discussed 
here; games with the purpose to entertain might also teach something to their players, but 
are outside the scope of this paper (see Gee (2003) for a few video game examples). 
 

 
Nintendo has revolutionized the gaming 
industry by attracting a new base of players. 
This is done through a new generation of 
consoles that can support novel games that 
attract casual players. By now, most people are 
familiar with ‘Dr. Kawashima's Brain Training: 
"How Old Is Your Brain?"’, one of these novel 
games (figure 2). The purpose of this game is 
to train your brain with various cognitive 
exercises, such as the math shown in figure 2, 
and the game tells the players whether the 
answer was right or wrong. Players can also 
do an exam to get an indication of the age of 
their brain (the aim is to get their brain as 
young as possible). Thus, this is a typical 
example of a drill-and-practice game, with 
minimal feedback. Usually these kinds of 
games are not very popular or fun to do, but 
by linking such training with cognitive health 

Fig. 2: Dr. Kawashima's Brain Training: 
"How Old Is Your Brain? is a game for 

the handheld Nintendo Dual Screen. The 
game promotes simple minigames as 

health exercises for the brain. 
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(gives a challenge and the rules/goals are clear) this game extrinsically adds motivation to 
the repetitive exercises (one wants to be cognitively young). In addition, multiple modalities 
are stimulated, not only passively (sounds, graphics, animations), but also actively through 
the use of voice and writing as input. To conclude, this game shows that the gap between 
behaviouristic exercises and a popular game (with the same exercises at the base) can be 
bridged by adding a number of motivational cues.  
 
A different approach is done by the ‘Where in the world is Carmen Sandiego?’ series which 
teach geography and history (they branched out to other subjects later on; figure 3). Carmen 
Sandiego is a thief stealing the oddest things (cities, landmarks, etc) and the protagonist, the 
player, has to catch her. Players have 
to find clues all over the world to find 
and put her in jail by providing the 
correct evidence. At this point the 
game is finished, so there is no 
obvious educational training present 
in the game. However, by travelling to 
many places in the world, players 
automatically learn something about 
geography and history. Even though 
players are not educated in the 
conventional sense, they cannot finish 
the game without geographical or 
historical knowledge; this is an 
example of stealth learning as 
mentioned in section 3.3.  
 
This game more or less uses all categories of motivation: one is acting as a detective in an 
imaginary setting in the world (fantasy) trying to catch someone (challenge) by looking for 
clues (mystery). One has the freedom to go all over the world (control) and how to do this is 
immediately clear by the use of buttons (rules/goals). Finally, the game is designed as 
visually and aurally pleasing (sensory stimuli) as possible within the technical limits of that 
time. Of course, having all these motivational cues does not make a game motivating to play 
per se. There can be a difference in the strength of a cue (between games) and the 
combination of cues has to work as well (which is likely to differ between individuals). The 
point is: most video games are designed in such a way that all motivational cues are 
incorporated fairly easy, which is why such games are entertaining. The Carmen Sandiego 
series show that it is possible to be entertaining for an educational game as well.  
 
Both games show that how one educates can affect the learning process. Games can make 
educational content more learnable by being motivating. However, there is usually the trade-
off between game elements and educational content as mentioned in the previous section. Is 
a game much more effective when one learns a few capitals in one hour? Of course, one 
might argue that learning by playing or doing could affect retention as well (or other aspects 
of learning for that matter). All these elements of the learning process make this matter 
complex: one could conclude that learning by playing might be better, but slower.  
 

Fig. 3: A screenshot of a Carmen Sandiego game, 
which shows how stealth learning can be applied. 
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4 Intelligent Tutoring Systems 

4.1 What are Intelligent Tutoring Systems? 
 
The idea of creating a tireless, patient and effective tutoring system has been pursued ever 
since the invention of the computer. All efforts combined resulted in a class of computer 
software known as Intelligent Tutoring Systems (ITS). Their main advantage is the one-on-
one instruction. According to the “two-sigma problem” (Bloom, 1984), students receiving 
one-on-one instruction perform two standard deviations better than students receiving 
traditional classroom instruction. Even though the amount of the difference between these 
two types of instruction was highly debated, there is no doubt that one-on-one instruction 
performs better than classroom instruction. If an equal alternative to expert human tutors 
(i.e. one-on-one instructors) could be created on a computer, student performance should 
increase drastically.  
 
A tutoring system qualifies as intelligent if there is some part of the system that handles user 
input intelligently, e.g. giving students individualized feedback. In general, an ITS consists of 
three models: an expert model, a tutoring model and a student model. The expert model 
contains a description of the knowledge or behaviours of an expert in the to be tutored area. 
The student model contains a description of the knowledge or behaviours of the student, 
including errors and the differences between the student model and the expert model. The 
tutoring model describes the tasks of a human tutor when confronted with student errors. 
All three models are necessary to build a good ITS. However, thoughtful design of an ITS is 
essential to result in student performance increase. In his article, VanLehn (2006) describes 
the common behaviour of tutoring systems. The following is a summary based on this 
article. 
 
VanLehn describes ITS through the use of an inner and an outer loop to present problems to 
students. Basically, the inner loop assists the student within a task offering step-by-step 
support. The outer loop provides the student with a task fitting the student’s needs at that 
moment. A task is simply a problem, which can be divided in (analysable) steps. For 
example, a math task could be to solve some kind of equation. In a commentary du Boulay 
(2006) mentions that VanLehn mainly focussed on ITS designed to help with technical 
problems. Although these ITS form the bulk of all ITS, there are other systems that apply 
their intelligence in different ways in order to help the student develop. They might choose 
to offer an easy task to increase the student’s confidence (i.e. motivational aspects) instead of 
choosing a problem best fitting the current knowledge and skills of the student. Even though 
these systems can behave quite differently, their structure often still resembles the two loops 
VanLehn suggests. 
 
The main responsibility of the outer loop is to decide which task the student should do next. 
The main design issues for an outer loop are selecting a task intelligently and obtaining a rich 
set of tasks to select from. VanLehn (2006) describes four basic methods for selecting tasks for 
the student:  
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 Methods for selecting tasks for the student (outer loop) 
 

1. Display a menu and let the student select the task 
2. Assign tasks in a fixed sequence 
3. Implement a pedagogy called mastery learning 
4. Apply macroadaptation 
 

One could question if there is any intelligence present in the first two tasks, the latter two are 
more interesting however. When mastery learning is used, the curriculum is divided in units 
or levels. Students have to solve problems until they have mastered a unit’s knowledge. Only 
then are they allowed to go to the next unit. Thus systems using mastery learning offer self-
paced learning; individual learning determines the pace of the learning process. Macro-
adaptation is a more complex and arguably intelligent approach of mastery learning. 
Problems or tasks are defined in how relevant they are to the knowledge components that 
must be learned and a student model is kept in which progress for all components is 
measured. Depending on how well the student has performed, the student model adjusts the 
level of mastery for all relevant knowledge components. Tasks are chosen based on the 
progress in the components.  
 
The inner loop is about steps within a task. Tasks are divided into steps and at each step the 
inner loop could provide help. Common services of the inner loop are (VanLehn, 2006): 
 
 Common services of the inner loop 
 

1. Providing feedback on steps 
2. Giving hints on the next step 
3. Assessing knowledge of the student 
4. Reviewing the solution 

 
Providing feedback can be divided into two categories: minimal feedback and error-specific 
feedback. Minimal feedback usually indicates whether a step is right or wrong. Some ITS can 
judge a solution as non-optimal as well. Error-specific feedback is given when a student 
(repeatedly) makes an error. It is of course important to determine the source of the error and 
correct this false knowledge. Feedback can be given immediately after submitting a step, it 
can be delayed until a task is fully solved or it can only be generated on demand. Du Boulay 
(2006) stresses that there is little attention for how to handle a correct solution. An ITS could 
inspect the quality of the solution for example. It might be that there is a more effective way 
to solve a problem, even though the solution was correct.  
 
There are three important issues in the design of giving next-step hints. First, when to give a 
hint? Ideally, a hint should only be given when a student really needs it, not when he could 
find a solution on his own with trying a little harder. To be able to determine this point 
automatically, one needs considerable amount of data on each individual and calculate the 
probabilities real-time. Most ITS designers therefore choose to add a hint button, leaving the 
decision up to the student. To prevent abuse, solutions are valued less when hints were 
necessary. Second, which step should the ITS hint? Many problems have multiple solutions 
or the steps within a solution can be taken in any order. By generating a solution based on 
steps taken by the student, a list of possible steps should be available. The step that should 
be hinted on must fulfil some criteria, such as: it must be correct, it should not already have 
been done by the student, it should be the preferred step by the instructor, it should fit the 
student’s plan of solution, etc. Third, how should an ITS hint the next step? Most ITS can 
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give multiple hints on a step, starting with the weakest one mentioning the direction in 
which the student should go and ending with the strongest one flat out telling a student 
what to do.  
 
When a solution of a task is submitted by a student, the ITS should assess the knowledge of 
the student. Such assessments may be used by instructors, students and the tutoring system 
itself. Each may require a different form of assessment. A fundamental issue is the 
granularity of the assessment, ranging from assessing all knowledge components to 
generating a number or a grade for performance on the whole ITS course. When using fine-
grade assessment one should be wary of the credit-assignment problem. This basically is the 
problem of judging which components are responsible for the solution provided by the 
student.  
 
Finally, reviewing a solution is in most ways a broader version of giving hints or feedback. 
Many of the issues mentioned above can be applied to this service as well. In addition, it has 
to deal with giving feedback on multiple errors, which likely are linked together. 
 

4.2 Cognitive Tutors 
 
Cognitive tutors were first developed as teaching tools for programming and mathematics in 
the early 1980s. They are Intelligent Tutor Systems based on the cognitive theories ACT* and 
it’s successor ACT-R (Anderson, 1983 and Anderson et al., 2004). These theories provide a 
hypothesis on how the mind with all it’s different types of behaviour, can be integrated as a 
whole. Initially, the cognitive tutors were created to evaluate and develop the ACT-R theory. 
Since learning is essential in every theory of mind, the effectiveness of cognitive tutors 
provided feedback on the likeliness of the ACT-R theory, and specifically it’s learning 
assumptions. Throughout the years cognitive tutors evolved from research support tools to 
commercial viable products. One of the reasons for this evolution was the significant increase 
in performance of students using cognitive tutors. Such students could complete 
assignments faster and perform better on post-tests than students using a standard problem-
solving environment (Anderson et al., 1995). 
 
Cognitive tutors (figure 4) are built around a cognitive model of the problem solving 
knowledge students are acquiring. This is based on the ACT-R theory of skill knowledge. 
This theory distinguishes between declarative and procedural knowledge. Declarative 
knowledge is factual and ACT-R assumes that skill knowledge is initially encoded in 
declarative form. With practice, rules can be derived from declarative knowledge, which is 
represented by procedural knowledge (Taatgen et al, 2004). For example, one might 
memorize that 1 plus 1 is 2, 1 plus 2 is 3, etc. But, at some point in learning, the knowledge of 
these facts is exchanged for the knowledge of the rule(s) behind these facts (repetitive 
adding). The cognitive model is based on expert (procedural) knowledge, which is thus able 
to solve the tasks the students need to perform himself. The model is used for two purposes: 
model tracing and knowledge tracing (Corbett et al., 2000).  
 
Model tracing is similar to the abovementioned inner loop; it means that the tutor is 
monitoring each step the student takes while solving a problem. Because problems can have 
multiple solution paths, the tutor applies all fitting rules on the current situation to get all 
possible outcomes. If a student follows one of these applied rules, the idea that the student 
knows how to apply this rule is strengthened. The rule is weakened in the student model if 
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the student does not apply it. Because the model knows which rule to apply, it can offer 
appropriate feedback when a student makes a mistake (Corbett et al., 2000).  
 
Knowledge tracing is about keeping track of the student’s knowledge of the component rules 
in the cognitive model. Each rule can have two states: learned or unlearned. The tutor 
maintains estimates of the state of each rule because students can make accidental mistakes; 
i.e. when a student has learned a rule, he can still forget to apply the rule by accident. When 
rule knowledge of the student is known, one can predict how well the student will perform 
on a given problem. This makes it possible for the tutor to generate a problem that is 
appropriately challenging for a student to maximize the learning effectiveness; i.e. not too 
easy, not too hard. When all rules within the tutor is are above a certain success percentage, 
the content is considered mastered and the tutor considers his job done (Corbett et al., 2000). 
 
The difference between model tracing and knowledge tracing is in how they use the 
production rules of the model. Model tracing looks at the input of the student, checks which 
rules are applied or should have been applied and strengthens or weakens the estimate of 
whether such a rule is learned or not. Knowledge tracing looks at the estimates of the 
production rules, determines whether they are in a learned state or not (by thresholding the 
estimates) and chooses the next problem to be solved by the student. Model tracing is 
applied when the student is solving a problem, knowledge tracing after the student has 
solved a problem. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Cognitive Tutor is an example of a successful ITS. This chapter also shows how a 
behaviouristic drill-and-practice environment can be turned into a cognitivistic environment, 
which tries to teach understanding of the educational content by teaching rules and laws 
instead of facts. The way feedback is adapted to the student and the way exercises are used 
in the learning process are both elements that will be used in the experiment described later 
on.  
 

Fig. 4: Algebra I Cognitive Tutor 
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5 Animated Pedagogical Agents 

5.1 Animated Pedagogical Agents Explained 
 
Animated pedagogical agents are characters that inhabit a learning environment or are 
related to such an environment. They function as a coach or a mentor, to guide users through 
assignments by offering advice or feedback. In general, they simulate human instructional 
roles by socially interacting with students. By taking on humanlike behaviour, expressing 
emotions, and communicating verbally as well as non-verbally (facial expressions, gestures), 
pedagogical agents make use of typical human communication to strengthen the idea of 
interacting with an intelligent, trustworthy being who knows what he or she is talking about. 
They usually act as a front of intelligent tutoring systems, which provides the agent with the 
expert content and the student-adapted feedback necessary to uphold communication.  
 
The personification of an ITS in the form of a pedagogical agent has additional benefits. For 
instance, it opens up the ability to demonstrate a procedural task, such as flying an airplane. 
In addition, they can use their hands, eyes or other non-verbal humanlike methods to point 
out important information in a more natural way (opposed to flashy objects or words, 
underlining, etc). Furthermore, non-verbal communication can also be used to give non-
verbal feedback (i.e. giving a thumbs-up, head-nodding or shaking). Finally, pedagogical 
agents can act different roles to optimise their purpose. To determine the effect of character, 
Baylor and Kim (2005) created three types of agent for their learning environment: an expert 
(knowledgeable), motivator (supportive) and a mentor (knowledgeable and supportive). 
They found that students recognized the role of their agent and that the role of the agent 
affected the learning process. Aside from different types of tutors, pedagogical agents can 
also be used to act as a learning companion to simulate peer interaction (Chan & Chou, 1997; 
Kim & Baylor, 2006). 
 
One of the first articles to report the benefits of a pedagogical agent was written by Lester et 
al (1997). They claimed that “the very presence of an animated agent in an interactive 
learning environment - even one that is not expressive - can have a strong positive effect on 
student's perception of their learning experience”. They call this the persona effect. They 
support this claim with an experiment, which varied the type of agent assisting in an 
interactive learning environment. These agents differed mainly in the way they gave advice, 
ranging from no advice to full audio and visual advice. There was no difference in their non-
advisory behaviours, such as introducing themselves. In addition all agents expressed joy 
when the student finished an assignment. The results showed that all students improved 
their performance, with the more expressive agents at a higher effectiveness. In addition, the 
students could describe their experience through a multiple-choice survey. This survey 
showed that in general they found the agent useful, likeable, believable and motivating. 
What's interesting is that the scores for all types of agents were roughly the same. Even the 
mute, non-advice giving, agent scored well on the believability of its advice. So it is a bit 
confusing what properties of the agent or the learning environment exactly contribute to 
these scores. It is clear, however, that the imitation of extensive social interaction the way 
Lester et al. implemented, caused an increase in learning effectiveness (and perhaps 
motivation).  
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Three presumed benefits for agents are given by Clark & Choi (2005): “(a) Agents may have a 
positive impact on learners’ motivation and how positively they value computer-based 
learning programs; (b) They might help learners to focus on important elements of learning 
material crucial for successful learning; (c) They may also provide learners with context-
specific learning strategies and advice. ” Most studies on agents focussed on the first benefit, 
such as Lester et al (1997), because it is the most controversial. One of the main conclusions 
of a follow-up study by Moreno et al. (2001) was that adding extra modality, i.e. speech 
instead of (visual) text, proved beneficial for the learning effectiveness of the program. 
However, it is not clear that adding voice to an ITS, for example, could produce the same 
effects. In general, it seems that most studies do not truly separate the effects of pedagogical 
agents from effects possibly generated by the ITS behind the scenes. 
 
Clark & Choi (2005) are also unsure of the true benefits of animated pedagogical agents 
because there has not been much empirical research to judge the effects of agents. Moreover, 
the empirical data that has been published had mixed and confusing results. They concluded 
that the studies were not designed in a uniform (and proper) way. Therefore, they offered 
five design principles to be used to study animated pedagogical agents: 
 
 Design principles in the study of animated pedagogical agents 
 

1. The balanced separation principle: Separate pedagogical agents from pedagogical 
methods 

2. The variety of measured outcomes principle: Test for complex problem solving and 
transfer 

3. The robust measurement principle: Insure the reliability and construct validity of all 
measures 

4. The cost-effectiveness principle: If possible, collect information about the relative cost 
and benefit of producing the agent and non-agent treatments being compared 

5. The cognitive load principle: Avoid testing agents that are visually and aurally 
‘noisy’ or complex 

   
The first principle states that one should not mix the effects of an agent with the effects of 
other programs or methods, as mentioned above. Clark & Choi suggest that one should 
compare an agent with a low-technology alternative, such as an ITS with speech instead of 
text messages. The second principle states that one should test for various learning effects, 
not just the simple ones. The third principle arose from the observation that many studies 
mixed motivation to learn with interest in the program. The fourth principle is not so much a 
scientific but rather a commercial principle, while the last principle is based on the idea of 
the capacity of working memory (7 +/- 2 chunks of information) and attention (visually and 
aurally). By forcing students to split their attention between agent and learning environment, 
their performance could decrease dramatically. One should be careful to make the agent not 
too dominant, although recent study (Choi & Clark, 2006) could not find a negative effect 
while comparing a complex agent with a simple animation (arrow) with voice.  
 
Even though there are papers that consider animated pedagogical agents a radical new and 
promising addition to the educational landscape of computer applications, it is more likely to 
use such agents as an extension to existing learning environments such as intelligent tutors. 
The true gain lies in giving existing intelligent tutors a face, a personality; it brings 
computerized tutors one step closer to human tutors. More importantly, agents open up new 
opportunities by allowing demonstration of actions and multimodal stimulation. However, 
the beneficial effects of pedagogical agents are not proven beyond doubt, and the design 
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principles of Clark & Choi (2005), even though they are not all rock solid, give the right 
signal that more research is necessary to determine the true effects of animated pedagogical 
agents.  

5.2 Examples of Animated Pedagogical Agents 
 
There are two types of agents: agents that only interact with the user, and agents that interact 
with both the user and the game or simulation environment. This section discusses three 
examples of animated pedagogical agents: Steve, Adele and Herman. Steve and Adele are 
descriptive examples, which are hardly used in a comparative study. Herman is used in a 
number of studies to explore the possibilities of animated pedagogical agents. Note that the 
environments in which such agents are used are often constructivistic environments. 
 
Steve (Soar Training Expert for Virtual 
Environments, figure 5) was developed by 
Johnson & Rickel (1997) and used in naval 
training environments. They wanted to explore 
the use of intelligent tutoring systems in virtual 
reality. Thus, Steve was designed to interact 
with students in a virtual reality setting having 
two tasks: demonstrate actions and monitor 
and assist students while they perform actions 
within the virtual environment. In both tasks, 
students can ask Steve to explain what he is 
doing or what he recommends them to do. 
Steve interacts with students by demonstrating 
task steps, draw students’ attention to objects 
by pointing at them and fill the role of a 
missing team member (Johnson & Rickel, 1997). 
Because of the virtual reality setting, Steve is 
truly interacting with both the student and the 
environment, making him a classic example of 
an animated pedagogical agent (interaction is as real as technologically possible). 
 
 

Adele (Agent for Distance Education – Light 
Edition, figure 6) was designed to work in a 
web-based environment. Developed by Shaw et 
al. (1999), Adele differs much from Steve. She is 
a 2D character living in a separate window on 
the screen assisting in a medical simulation 
program. Aside from gaze and gesture and 
behind the scene communication, there is no 
interaction between Adele and the simulation. 
However, she is able to express emotions and is 
capable of more instructional guidance such as 
intervening advice, in comparison to Steve. Both 
agents were designed and put to work before 
any study proved their merits. 
 

Fig. 5: Steve, a virtual reality agent, used 
to explain actions in a naval setting 

(Johnson & Rickel, 1997). 

Fig. 6: Adele, a web-based agent, used to 
give medical training (Shaw et al., 1999) 
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The final example is Herman the Bug (figure 7), used in studies as Lester et al. (1997) and 
Moreno et al. (2001). He assists in Design-A-Plant, a learning environment in which students 
design plant life given a biological environment and it’s specifications. The developers aimed 
for more lifelike behaviour in comparison to the previously mentioned agents. “[Herman the 
Bug] is a talkative, quirky, somewhat churlish insect with a propensity to fly about the screen 
and dive into the plant’s structures as it provides students with problem-solving advice.” He 
differs from other agents in his behaviour, which seems independent of the actions of the 
student: he can fly around the screen without any educational purpose. This makes him 
possibly more fun to watch and to interact with, but this also adds complexity to the 
functioning of the agent; are these quirky actions beneficial for the learning experience? 

These agents represent three different ways of how to use animated pedagogical agents. 
They all interact (socially) with the student verbally (sound or text) and non-verbally 
(gestures and emotions). Given that Steve and Adele are not used in research on the quality 
of their design and their merits in the learning process, it is hard to apply the design 
principles on these agents. However, as mentioned before, textual feedback (Adele) seems 
extra cognitive load visually. The studies on Herman the Bug clearly violate the first design 
principle because there is no recognition of the ITS behind the scene: all improvements in the 
learning process is attributed to the agent. Such studies are exactly the reason why Clark and 
Choi (2005) argued for design principles for animated pedagogical agents.  
 

Fig. 7: Herman the Bug, assists in the Desgin-a-Plant environment (Lester et al., 1997). 
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6 Method 

6.1 Motivation for the Experiment 
 
The previous chapters introduced games, ITS and animated pedagogical agents. They gave a 
general impression of these techniques and how they are used in (research on) education. 
Games are used in various ways in education, ranging from some additional elements to 
enlighten drill-and-practice programs to virtual worlds simulating an environment in which 
content (to be learned) has to be applied. The main purpose of games and game elements in 
education is to make things fun to do, to make learning fun, i.e. to motivate. ITS are designed 
to simulate one-on-one instruction which allows for individual feedback, learning at one’s 
own pace, learning the right stuff at the right time, etc. These are all aspects of teaching 
which are hard to realize in classroom instruction and thus ITS are often seen as a useful 
addition to teaching. Animated pedagogical agents give ITS a face, a presence and the ability 
to communicate non-verbally. They create a persona-effect, which in turn enables (imitation 
of) social interaction. It is argued that social interaction enhances the learning process as 
well. All of these techniques are studied individually, but little work has been done on the 
combination of these three techniques.  
 
So if these techniques are such great learning tools, why are they not used everywhere? One 
of the more important reasons is that there are doubts whether these techniques are effective 
learning tools. Even though there is hardly any research, which has negative results on their 
effectiveness, there are about as many papers, which argue that such techniques do not 
increase effectiveness (compared to traditional classroom instruction), as there are papers, 
which argue that they do increase effectiveness. Furthermore, there are hardly any big 
success stories, especially in the field of Serious Games, which is unfortunately often 
compared to the entertainment game industry.  
 
Thus, the purpose of the experiment that will be described below is to contribute to the 
evidence that techniques as Serious Games, ITS and animated pedagogical agents do have a 
positive effect on learning. In addition, the combination of these techniques is studied to 
show whether there is a synergy effect. Finally, the opinion of the participants is asked 
through a questionnaire to measure motivation. 
 

6.2 Experiment Set-up 
 
First off, the experiment was designed under limitations of time and resources (and perhaps 
scale). This is not necessarily a bad thing, but these limitations have caused a few creative 
solutions to problems in the design and implementation, which gives room for improvement 
in future studies.  
 
How can the techniques in the fields of Serious Games, ITS and animated pedagogical agents 
be translated to something that fits the desired experiment? Each of these techniques has a 
particular area in which they supposedly enhance the learning process: Serious Games add 
‘play’ or game elements in an attempt to create intrinsic motivation and offer a different way 
of learning through simulating an environment, ITS focus on how to handle input from the 
user in such a way that the learning process can be optimised (for example regarding 
feedback) and animated pedagogical agents use imitation of social interaction and non-
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verbal feedback to add extra modalities which in turn may increase motivation and 
understanding. These elements can be added to educational software to monitor their effects. 
This is also done in the experiment described here.  
 
The educational software teaches users some elementary English grammar, focussing on 
word order and tenses. For the experiment four conditions are used, based on two variables: 
game elements and feedback. These variables have two values: present or absent. In order to 
keep the experiment within scope, elements from the agent were merged with elements from 
the game. The game elements are score tracking, sound effects and animation (of the agent). 
The feedback variable distinguishes between the presence of feedback adapted to the user 
input and simple right/wrong. In addition, if full feedback is absent, users do not have to 
generate a correct answer to continue in the game (they still have to master the particular 
rule the exercise is associated with, though). The conditions can be expressed as in table 1: 
 
 
 
 
 
 
 
Thus, the basic software generates exercises based on how users handled previous exercises 
but users know only whether their last input was right or wrong. The agent is a static image 
as to minimize social interaction. There are no sound effects or score tracking. This set-up is 
equal to the condition with no game elements and no feedback, which is in fact a 
behaviouristic drill-and-practice environment. This makes this condition somewhat similar 
to textbook assignments, which are comparably low interactive. By adding either game 
elements or feedback and comparing these to the results of the basic software, any 
improvements caused by these additions can be measured. In addition, it is possible to test 
for a synergy effect by adding both.  
 
The software is tested through the use of a pre- and post-test. These tests are used to measure 
any increase in the performance of the participants. The pre- and post-test consist of 8 
problems, which the student has to solve without any help whatsoever, not even minimal 
feedback is given. By using the same type of problems, knowledge increase can be extracted 
from the comparison of the results of the pre- and post-test. When all data is collected, 
differences between the conditions can be measured by comparing the means of the results 
of each condition. 
 
After the post-test, participants are asked to fill in a questionnaire to measure their attitude 
towards the software. This can then be used as an indication for their motivation. Again, the 
data is split up in the different conditions so comparison between the conditions is possible, 
similar to the results of the pre- and post-test. The tests and the questionnaire are available in 
appendix 2. 
 

  Feedback (+) No feedback (-) 

Game elements (+) x x 

No Game elements (-) x x 

Table 1: Conditions of the experiment. 
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For the experiment, the Internet was used. The software was put online and specific accounts 
were created to control who used the program (these accounts are also necessary to identify 
users and to measure their progress). A condition was to be tested by letting a full class use 
the program for a class hour (about 50 minutes). The participating schools only needed 
access to the Internet to be able to join the experiment. There were no software requirements 
and the classes were monitored by the experiment designer (for troubleshooting). Before the 
main experiment, a pilot experiment was done to see whether the game was on the right 
level of complexity and whether there were things to improve. 

6.3 Questionnaire 
 
The questions on the questionnaire can be divided in multiple-choice and open questions. 
The open questions were optional and were mainly used as support for the multiple-choice 
questions. The multiple-choice questions can be translated to the following: 
 
 Translation of the questionnaire (appendix 3) 
 

• Fun to play 

• Hard to play 

• Game is instructive 

• Prefers homework 

• Will play voluntarily 

• Kahoona is fun 

• Feedback was useful 

• Feedback was clear 

• Credibility Kahoona 
 
Fun to play indicates whether participants enjoyed the game, which is related to (intrinsic) 
motivation. This is also the case for Hard to play, which is related to the challenge of the game 
(both are motivating elements, see chapter 3.1). Game is instructive and Prefers homework 
indicate whether participants felt that they learned something from the game and whether 
they liked the way they learned it (compared to homework). Will play voluntarily measures 
the level of autonomy, which can be associated to intrinsic motivation. Kahoona is fun and 
Credibility Kahoona determines the value of social interaction with the agent. Finally, Feedback 
was useful and Feedback was clear indicate whether participants found the feedback given 
instructive.  
 
To summarize, there are motivation indicators (Fun to play, Hard to play, Will play voluntarily), 
indicators on the learning process (Game is instructive, Prefers homework), indicators on social 
interaction (Kahoona is fun, Credibility Kahoona) and indicators on the quality of the feedback 
(Feedback was useful, Feedback was clear). As a final note: the results of the questionnaire are 
interpreted as indications (and not as facts) because they are derived from opinions of the 
participants. 
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6.4 Basic Software 
 
The purpose of the educational software is to create a sentence, which describes a presented 
image accurately. The user can pick words from a list and drag these to the designated area 
below the image to form a sentence (figure 8). The tutor checks the input after the user 
presses the DONE-button and the agent presents the feedback the tutor supplies (see figure 
10 for a screenshot of the full program).  
 
Aside from the words necessary to form the correct sentence, other words are added to the 
list of words as well. These words are not randomly chosen but fit the common mistakes 
people make when forming the requested sentence. So each image has a unique list of words 
with appropriate ‘trap’ words. For example, a common mistake Dutch people make when 
learning English is using a past simple instead of an infinitive in combination with the verb 
‘to do’ (not used in the experiment): 
 

1. The man did not walk through the forest. 
2. *The man did not walked through the forest.3 

 
In this example, the words of the first sentence and the word ‘walked’ form the list of words 
as in figure 8. When one uses the word ‘walked’ instead of ‘walk’ to form a sentence, it is 
possible to detect the mistake by checking the input against the rules in the tutor. Each of the 
wrong words fits an error, which can be detected by the tutor because these words break a 
rule in English grammar. Even when words are used illogically, they usually break a rule 
concerning word order. Only in the case of a grammatically correct sentence but wrong 
meaning (e.g. The forest walked through the man.), the program is unable to detect the 
reason for the error. 
 
 
 
 
 
 
 
 
 
 
 

6.5 Tutor Design 
 
Essentially, the tutor is processing user input and generating feedback and exercises. It relies 
heavily on databases and rule processing. The tutor consists of an expert model and a 
student model. The rules of English grammar represent the expert model. The student model 
is tracking the level of mastery of the student over these rules, which is similar to the outer 
loop mentioned by VanLehn (2006). An example of a rule is: how well can someone 
formulate a sentence in the present simple. For an overview of the rules, i.e. the expert 
model, see appendix 1. 

                                                      
3
 In linguistics it is good practice to denote a (grammatically) wrong sentence with a *. 

 
IMAGE 

 
LIST OF 
WORDS 

 
_ _ _ _ _ _ _ 

Fig. 8: Simplified design of the program. 
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Below, in figure 9, is a flow chart, which shows what is happening behind the scenes. The 
program supplies the tutor with the user input. The tutor analyses the input on errors and 
updates the student model accordingly. When a student has created the correct sentence, the 
skill level of the applied grammar rule is raised. When an error is made, the skill level of the 
grammar rule associated with that error remains the same. The error type is sent to the agent 
part, which generates the appropriate feedback (based on type and number of errors) and in 
the end, the student can try again. The tutor moves on to the next problem when students 
give the right answer (except when no feedback is given; in that case a similar exercise is 
generated because skill levels remain the same). The way the program handles intelligent 
feedback can be somewhat compared to the inner loop of VanLehn (2006).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By constantly updating the student model when input is received, the student model is an 
precise reflection of the skill levels of the student. The next problem is picked based on these 
skill levels, which are trained until mastery is achieved (i.e. 100% score). The problem 
database consists of 77 exercises, which provide each skill with 3 – 12 exercises dependent of 
the complexity of the skill. The program is finished when all grammar rules are mastered. 
 

6.6 Agent Design 
 
The agent has two purposes. First it acts as a front of the tutor, communicating with the user. 
Second, it simulates social interaction with the user by generating emotional responses, 
visual and textual communication, lifelike behaviour, etc. The agent consists of an animation 
and a text window. The agent responds by reacting on the user input, thus giving feedback. 
The feedback is presented to the student via the text box below the animated agent. Due to 
limited resources, speech was not an option, although the agent is capable of generating 
supportive sounds. Also, the agent is not a typical coach when one thinks of an (English) 
teacher. Old animation material (Mr. Kahoona) was used to create the agent for this 
experiment. 
 

GENERATE 
PROBLEM 

GENERATE 
FEEDBACK 

EXPERT 
MODEL 

STUDENT 
MODEL GAME 

AGENT 

PRESENT 
FEEDBACK 

ERROR 
TYPE 

UPDATE 
MODEL 

USER 
INPUT 

FEEDBACK 
DATABASE 

PROBLEM 
DATABASE 

ERROR 
ANALYSIS 

NEW 
SENTENCE 

TYPE 

Fig. 9: Flow chart behind the game. 
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6.7 Full Game 
 
Below is a screenshot of the full game (figure 10), which equals the basic software with the 
addition of game elements and feedback. The agent, Mr. Kahoona is displayed in the right 
top field. Below the agent is a text field that presents feedback and other texts ‘spoken’ by 
Mr. Kahoona. The actual game is situated in the left part of the game. With each exercise, 
students see a new image and word list appear in the two left top fields. They have to drag 
word groups from the list to the left bottom field (empty now). For each correct answer they 
receive 100 points, for each wrong answer they are penalized 50 points. The thin field on the 
bottom, stretched over the whole screen, displays the last input if it was wrong.  
 

 
 
 
 

Fig. 10: Screenshot of the full game. 
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7 Results 

7.1 Pilot Experiment 
 
Two classes of 3 havo/vwo students (totalling 44 students) were tested in the pilot 
experiment. The pilot experiment was important in order to see whether participants liked 
the game (at that point in the design phase) and whether the game was of the right 
complexity. The setup was similar to the main experiment but only the full game condition 
was used. 
 
During the experiment it was noticed that most students were unfamiliar with some of the 
grammar presented to them. This led to clueless behaviour (i.e. forming random sentences 
without thinking, hoping to get the right answer). Thus, the game was deemed too hard and 
some of the grammar rules and exercises were removed to fix this (to be exact: the present 
perfect continuous and the perspective future: going to). 
 
As mentioned above, a questionnaire was used to assess the opinions of the participants on 
the game. The results of the multiple-choice questions are shown in table 2: 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

As table 2 shows, the motivation indicators (Fun to play, Hard to play, Will play voluntarily) 
tend to be more negative than positive. One can conclude that the game was not very 
enjoyable. The indicators on the learning process (Game is instructive, Prefers homework) show 
a positive trend, thus participants in general felt they learned something by playing this 
game. Social interaction with the agent (Kahoona is fun, Credibility Kahoona) was judged 
neutral. Finally the indicators on the quality of the feedback (Feedback was useful, Feedback was 
clear) clearly show a negative attitude towards the feedback given. 
 

  Pilot 

Fun to play 65,0% 

Hard to play 42,5% 

Game is instructive 57,5% 

Prefers homework 35,0% 

Will play voluntarily 25,0% 

Kahoona is fun 50,0% 

Feedback was useful 32,5% 

Feedback was clear 47,5% 

Credibility Kahoona 50,0% 

Table 2: Results of the questionnaire in the pilot experiment. The percentages 
are a translation of the level of agreement. 100% means everyone agrees. 



Results  31 

 

In addition there were open questions participants were free to fill in, 25% did so. This led to 
some minor complaints about the game play, although most expressed a positive attitude 
towards the game (an interesting difference with the motivation indicators). More 
importantly, most complaints addressed the feedback that was given. It was hardly useful to 
them because they felt it did not address their needs. The first feedback participants received 
was a hint, which needed some extra thoughts to get to the right answer. The participants 
were cognitively lazy and reacted by creating a (completely) different sentence, which was 
also wrong but now caused by a different error. Again first-level feedback was given, while 
the participants expected deeper feedback on the first error (or a direct solution). Thus, the 
layered feedback was changed to more direct feedback to match these expectations. For 
example, instead of telling students that they should look at the place of the subject in the 
sentence, the agent now told them to place the subject before verbs in confirming (normal) 
sentences. Furthermore, if analysis could not find a broken grammar rule directly, it was 
assumed that students were in ‘randomly forming sentences’-mode. To counter this 
behaviour, feedback behaviour was changed such that in these cases feedback was given on 
the correct use of the tense needed. With these two adaptations participants should 
appreciate the feedback more. 
 
Finally, there was something that was not changed, which might influence results. To be able 
to create sentences with adverbs of time, they had to be added to the image somehow. 
Putting a text like ‘yesterday’ on top of the image solved this. Participants in the pilot 
experiment quickly found that they should always start their input with the adverb of time. 
In English this is of course correct, but they did this for the wrong reasons: they put it at the 
beginning of the sentence because it was on top of the image. This is also known as ‘playing 
the system’: i.e. finding a way to play the game without actually understanding why. No 
other solution came to mind without letting students ‘play the system’. However, as this is 
the case for all four conditions, this will not harm the results of the main experiment.  
 

7.2 Main Experiment Performance 
 
For the main experiment four classes of 2 havo/vwo participated from different schools. The 
number of participants was 104, with 23 for the full condition, 28 for the game only 
condition, 26 for the feedback only condition and 27 for the condition without game elements 
and feedback. As has been described in chapter 6, the experiment consisted of two parts: to 
test whether game and feedback elements affected performance and whether these elements 
affected their attitude towards the game.  
 
To measure performance the number of correct answers of the post-test was subtracted from 
the number of correct answers of the pre-test. By comparing the means for each condition 
one can prove whether the conditions were different. Before the results on what affected 
performance could be generated, equality of skill level of the groups had to be determined. 
Therefore their pre-test averages were compared. If there was a significant pre-test difference 
between groups, their scores could not be used in the comparison because their knowledge 
of English grammar differed too much. Using an ANOVA no significant difference was 
found between the conditions (F(3, 100) = 0.945; Q-Q plots were used to determine that all 
conditions had normally distributed populations, appendix 3). Now the performance 
averages could be compared. A factorial ANOVA was used to determine the effects of the 
game on performance (again see appendix 3 for the Q-Q plots): 
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Tests of Between-Subjects Effects 
 

Dependent Variable: TestVerschil  

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Corrected Model 29,707(a) 3 9,902 3,310 ,023 

Intercept 51,823 1 51,823 17,322 ,000 

game 10,242 1 10,242 3,423 ,067 

feed 5,646 1 5,646 1,887 ,173 

game * feed 16,222 1 16,222 5,422 ,022 

Error 299,178 100 2,992     

Total 376,000 104       

Corrected Total 328,885 103       

a R Squared = ,090 (Adjusted R Squared = ,063) 

 

 
Table 3 shows that the analysis was not significant for either main effect (game or feedback) 
but it is significant for the interaction of the effects. Finally, it might be interesting to see 
what the averages were for each condition as in table 4: 
 
 

 
 
 
 
 

 
 
 
These results clearly show a difference with the expectations beforehand: whereas it was 
expected that the Game Only condition would not differ from the None condition, it was 
expected that the Feedback Only condition would have a positive effect on the performance 
of the participants compared to the No Feedback conditions. This might be explained by a 
difference in the pre-motivation levels of classes; more on this in the next chapter. 
 

  Full 
Game 
Only 

Feedback 
Only None 

N 23 28 26 27 

Mean 1,652 0,393 0,231 0,556 

Std. Dev. 1,7992 1,4742 1,9247 1,7172 

Table 3: Factorial ANOVA of the effects of game elements and feedback and their interaction. 

Table 4: Mean and standard deviations on performance of all conditions 
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7.3 Main Experiment Questionnaire 
 
To measure the attitude of the participants towards the game the same questionnaire as in 
the pilot experiment was used. The results are presented in table 5 (two conditions did not 
receive feedback, hence the empty cells): 
 

  Full Game Only Feedback Only None 

Fun to play 83,3% 84,2% 72,0% 70,3% 

Hard to play 91,7% 68,4% 72,0% 88,8% 

Game is instructive 83,3% 63,2% 60,0% 62,9% 

Prefers homework 31,7% 21,0% 64,0% 33,3% 

Will play voluntarily 41,6% 15,8% 16,0% 25,9% 

Kahoona is fun 58,3% 68,5% 72,0% 70,3% 

Feedback was useful 58,3%   72,0%   

Feedback was clear 33,4%   36,0%   

Credibility Kahoona 66,6% 57,9% 32,0% 51,8% 

 
 
 
 
Unfortunately, not all students in the Full Game and Game Only condition were able to fill in 
the questionnaire due to computer problems (Full had 12, Game Only 19, Feedback Only 25, 
None 27). This makes it hard to compare the groups. Nevertheless, the groups were 
compared using a Kruskal-Wallis test (table 6). There were no significant differences except 
for Prefers Homework in which the Feedback Only condition has a clearly different opinion 
than other groups (p < 0,007). 
 

 

The motivation indicators (Fun to play, Hard to play, Will play voluntarily) are clearly more 
positive than in the pilot experiment. This indicates that the participants were motivated to 
play the game. However, the low results on Will play voluntarily show that this motivation is 
probably extrinsic. One aspect should be noticed: the high agreement with Hard to play in 
some of the conditions. What does it mean to agree with ’the game is hard to play’? Does 
100% agreement means the game is too hard? The interpretation is of course subjective, but 
given the use of means of the population, it is safe to say that 60% - 80% represents a good 
challenge level, higher might be too challenging. Also, almost half of the participants of the 
Full Game condition would play the game voluntarily, which could be considered a positive 
reaction towards an educational game. However, it should be noted that the some of the 

 
Table 6: Kruskal-Wallis test on the differences in the questionnaire between the conditions. 
 

Table 5: Results of the questionnaire in the main experiment. The percentages 
are a translation of the level of agreement. 100% means everyone agrees. 

 

Test Statisticsa,b

3,442 3,541 2,125 12,232 1,470 ,651 ,066 ,906 6,180

3 3 3 3 3 3 1 1 3

,328 ,316 ,547 ,007 ,689 ,885 ,798 ,341 ,103

Chi-Square
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Asymp. Sig.

leukSpel moeilijkSpel leerzaamSpel
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Huiswerk vrijwillig kahoonaLeuk adviesNuttig

advies
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Kruskal Wallis Testa. 

Grouping Variable: groepb. 
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percentages in the Full Game condition might be skewed due to the low response on the 
questionnaire compared to the other conditions. Finally (as expected), the conditions 
including game elements are perceived as more fun to play compared to the conditions 
without game elements (although there is no significant difference).  
 
Looking at the indicators on the learning process (Game is instructive, Prefers homework), the 
results again are positive for all conditions (and more positive than in the pilot experiment). 
In general the participants found the game instructive although the significant difference 
between the Feedback Only condition and the others in Prefers Homework should be noted. 
This may be attributed to the attitude of the participating class (more on this in the next 
chapter). 
 
The indicators on social interaction (Kahoona is fun, Credibility Kahoona) show a slight 
improvement over the pilot experiment. Nothing was changed in this area, so the difference 
could be ascribed to the attitude of the participants or their age (pilot participants were one 
year older). The barely positive response on the social interaction is likely caused by the lack 
of relation between the identity of the agent and the content of the game. An oversized 
Indian is not the first person one is expected to see when one wants to learn English from 
someone. Also, note again the difference in opinion on Credibility Kahoona in the Feedback 
Only condition. 
 
Finally, the indicators on the quality of the feedback (Feedback was useful, Feedback was clear) 
display a mixed attitude towards the feedback given. Participants of the two conditions 
including feedback found the feedback useful but only one third of them found it clear. What 
does this mean? The changes in the design after the pilot experiment resulted in more direct 
feedback on the problem at hand. This was apparently appreciated, but the feedback could 
have been hard to understand. This could be attributed to the words used in the feedback. 
For example, some of the participants did not know what the present simple was. When such 
terminology was explained to them, they could understand the feedback better. 
 
Concluding with the open questions; in general, the comments on these questions were not 
adding much new information to the multiple-choice questions, but they were supportive of 
the outcome. Most participants liked the game, the ‘no feedback’ conditions complained 
about the lack of feedback and the ‘feedback’ conditions sometimes requested an 
improvement of the feedback. 
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8 Discussion 

8.1 Main Experiment 
 
Can a Pedagogical Agent using Cognitive Tutor techniques in a Serious Game contribute to 
the learning process and improve it? 
  
As mentioned in section 1.1, a significant learning increase on the feedback main effect and 
more strongly on the interaction effect was expected. The results show a significant 
difference in performance when both game elements and feedback is present compared to 
the other conditions. What is interesting is that the addition of feedback (or game elements) 
alone did not have any significant effect. There are two ways to explain the differences. One, 
there is in fact a synergy effect between game elements and feedback that is much stronger 
than the individual effects. Two, there was an extra difference between the conditions of the 
experiment. 
 
What does it mean that game elements and feedback interact in enhancing performance? 
Game elements are used to increase motivation to continue playing/working with the 
program. Students want to get a score as high as possible and are thus paying more attention 
to the image and the feedback given. As mentioned above, a positive effect on learning was 
expected in the Feedback Only condition compared to the None condition. This is not true, 
given the results. If feedback or intelligent tutoring does not increase performance, what 
does this mean? Students can only be guided in their learning process when they really want 
to? They need to be motivated before they will listen to feedback. Since our whole 
educational system is often perceived as not motivational by itself (children would rather 
play outside all day), this is hard to believe.  
 
So, it is unlikely that game elements and feedback need each other to work. This is also 
because differences between the groups of students were noticed while participating in the 
experiment. The problem was that the experiment was not held in a lab where everything 
could be controlled. The experiment was held at different schools, with different teachers, at 
different times, with different computers, with different set-ups and with different students. 
This could all influence the results obtained in the experiment. In fact, there was one class of 
students, which seemed not open to the experiment, where the teacher left the classroom and 
left me to handle the students. This of course, changed the attitude of the students towards 
the experiment, which resulted in useless data. This class was replaced in the experiment, 
but it shows that not everything can be controlled. 
 
Of course there are a lot of extra factors involved in such an experiment as set up in this 
paper. It is unlikely that most of these factors had a significant influence, but it is important 
to notice that the schools (and the teachers) volunteered to participate in the experiment, not 
the students themselves. As mentioned above, there was one class of students which attitude 
was, in the perception of the experiment conductor, significantly different from other classes. 
This class was subsequently dropped from the experiment and replaced by another class. If 
the attitudes of the classes in the experiment may subjectively be judged, it was noticed that 
the class with no extra elements in their game had the most positive attitude towards the 
experiment, whereas the class with the Feedback Only condition had the most negative 
attitude. This seems to be reflected in their performance averages (table 5). In addition, the 
only significant difference between the groups in the questionnaire was that the Feedback 
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Only condition rather played homework than the game used in the experiment. All this leads 
to the observation that this experiment was not perfect and that the conclusion that the game 
elements or feedback singular effects are not significant deserves re-examination. 
Unfortunately, this also means that the game created was not (intrinsically) motivating for 
everyone. It was not interesting enough by itself to play (voluntarily). 
 
How can one solve the problems in attitude as described above? If the experiment is 
repeated either with volunteering students (instead of schools) or with much larger numbers 
of participants per condition, the effects of the attitude of participants are equal over all 
conditions. Of course, one could argue that there was perhaps a reason for students to 
become frustrated or annoyed with the game. The game is not perfect. The game and the 
experiment were designed in six months and there are plenty of possibilities to improve 
both.  
 
Unfortunately, time, resources and expertise (game design) were limited. Some parts of the 
game had to be simplified, like: a limited number of animations for the agent, the agent did 
not voice its feedback but only provided text, more exercises, more diverse feedback, etc. In 
addition, the experiment had to fit the 45-50 minutes available, because otherwise the 
experiment was too disruptive for schools and students. Also, sometimes the experiment 
could be set up beforehand (with general log in) and sometimes students had to log in their 
computer before we could start the experiment. All these elements could have affected the 
outcome of the experiment, so there are indeed ways to improve the experiment. However, 
this does not change the fact that the program as created for this experiment has a positive 
effect on learning because it has game elements and feedback.  
 
Are users more motivated to learn using a Serious Game? 
 
This question is related to the attitude of students towards the game. By using a 
questionnaire, the opinions of the students were measured. To summarize: the motivation 
indicators were positive; the indicators on the learning process were positive as well; 
indicators on the social interaction were neutral to positive and the indicators on the quality 
of feedback showed mixed results. The only significant result on differences between the 
conditions was detected on Prefers Homework, which showed that the Feedback Only 
condition was the only class, which indeed preferred homework. 
 
Since there were no differences on the motivational indicators between the conditions it is 
hard to say whether users are more motivated to learn using a Serious Game. When looking 
at the percentages, there is a clear positive trend towards the conditions including game 
elements. In general, the positive response on the motivational indicators show that users are 
indeed motivated to play and learn. However, there is an aspect of novelty that should not 
be disregarded: students only played the game for 50 minutes, opposed to doing homework 
for years. So, no answer can be given on the question whether users are more motivated. This 
is because there were no significant differences between the None condition, the condition 
which resembles homework most, and the other conditions.  
 
The indicators on social interaction returned expected results as well. Social interaction was 
rather limited because animations were limited and sound and gestures were hardly used. 
Furthermore, the agent used was not a character one would expect when teaching English. 
As Baylor & Kim (2005) showed in their research, the type of agent can affect interaction and 
learning. So it is not surprising that the reactions on social interaction were neutral to 
positive. 



Discussion  37 

 

8.2 Conclusion 
 
The aim of this paper was to show the effects of tutoring and games on learning. In chapters 
3, 4 and 5 current theories and research on games, intelligent tutoring systems and animated 
pedagogical agents were described. This research was used to form an experiment to 
examine whether game elements and tutoring elements (feedback) had an effect on the 
learning process. In chapter 6 the experiment set-up and the game design are discussed. 
Chapter 7 showed the results of the experiment and proved that game elements and 
feedback together have a significant effect on the learning process, but there were no 
singular effects. Participants in general liked the game; they found it challenging and 
instructive. Thus, it was more motivating than doing homework. 
 
It is hard to compare this work to other research. Mainly because, as far as known, there is no 
research, which specifically combined the elements of games, ITS and animated pedagogical 
agents to see what exactly contributes to the learning process. Most comparative research 
focussed on individual areas and compared these to a classroom environment. Other 
research remained theoretical or descriptive. So, where does this work stand? Although not 
perfect, it might inspire others to look beyond their borders and try to combine all efforts to 
enhance education through the use of computers.  
 
As mentioned in the previous section, there are opportunities to improve the experiment and 
to suggest new openings for future research. In retrospect, this shows that designing and 
performing such an experiment is much more complex than expected. When more resources 
are available, it is recommended that each element (Serious Games, ITS, animated 
pedagogical agents) is developed fully (without any of the limitations this work had to cope 
with), isolated to determine individual effects and combined in all ways to determine what 
exactly contributes to learning and whether there are any synergy effects. So, not all 
ambitions were met, but this work showed some interesting results on isolating and 
combining elements in computerised education, which may hopefully inspire others to 
continue on this road.  
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9 Appendices 

9.1 Grammar model 
 
These are the rules as used in the experiment (originally I had more rules, which were 
removed after the pilot experiment).  
 
General rules: 
 

1. Sentences contain at least three word groups 
2. Sentences contain at least one noun phrase 
3. Sentences contain at least one verb 

 
Rules on order: 
 

1. Subject is always placed before the verbs in confirming (normal) sentences 
2. Verbs should be grouped 
3. Objects are always placed directly after verbs 
4. Adverbs of time should be placed at the beginning or at the end of the sentence 
5. Adverbs of place should be placed directly before an adverb of time if they are both 

at the end of a sentence. 
 
Rules on tenses: 
 

1. If something happens regularly or the image + words speak of a fact: use Present 
Simple 

2. If the image shows an action (i.e. happening ‘now’): use Present Continuous 
3. If the image contains an adverb of past time: use Past Simple 
4. If the image shows a result of an action: use Present Perfect 

 
5. Present Simple is formed by the main verb (+s) 
6. Present Continuous is formed by the Present Simple of ‘to be’ plus the ing-form of the 

main verb 
7. Past Simple is formed by the main verb plus –ed 
8. Present Perfect is formed by the Present Simple of ‘to have’ plus the past participle of 

the main verb 
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9.2 Tests used in experiment 

9.2.1 Pre-Test 

Image   Correct Input 
 
 
the bird eats a worm every day 
 
every day the bird eats a worm 
 
 
 
 
 
 
 
the penguins held hands a couple of days ago 
 
a couple of days ago the penguins held hands 
 
 
 
 
 
 
 
the boy is weighing his rabbit 
 
 
 
 
 
 
 

 
 
the home team has scored 37 points 
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the moose wades in the river every morning 
 
every morning the moose wades in the river 
 
 
 
 
 
 
 
 
 
the team celebrated their victory last summer 
 
last summer the team celebrated their victory 
 
 
 
 

 
 
 
the barber is cutting the customer's hair in his shop 
 
 
 
 
 
 
 

 
 
 
the boat has sunk to the bottom of the sea 
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9.2.2 Post-test 

Image   Correct Input 
 
 
the men play cards every night 
 
every night the men play cards 
 
 
 
 
 
 
 
the girl fed the horse ten minutes ago 
 
ten minutes ago the girl fed the horse 
 
 
 
 
 

 
 
 
         the kids are picking the statue's nose 
 
 
 
 
 
 
 
 
 
 
 

 
   George Orwell has written Animal Farm 
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every friday the fishermen pull their boat on the beach 
 
the fishermen pull their boat on the beach every friday 
 
 
 
 
 
 
 
the airplane landed in the mountains yesterday 
 
yesterday the airplane landed in the mountains 
 
 
 
 
 
 
the kangaroos are fighting in the backyard 
 
 
 
 
 
 
 
 
 
someone has taped the girl to the wall 
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9.2.3 Questionnaire 

 
Here follows a modified version of the questionnaire (layout is modified): 

Bedankt dat je het taalspel Mr Kahoona Teaches English! wilde spelen! Hieronder staan 
tot slot een aantal vragen over het spel. Ik wil graag je mening horen! 

Voor de stellingen met multiple choice geldt het volgende: 
 
1 - Sterk mee oneens 
2 - Beetje mee oneens 
3 - Beetje mee eens 
4 - Sterk mee eens 

Algemeen 

Ik vond het leuk om dit taalspel te spelen.      
Ik vond het spel moeilijk.        
Ik vond het spel leerzaam.        
Ik maak liever huiswerk uit een boek dan dat ik dit spel speel als huiswerk. 
Ik zou dit spel ook vrijwillig spelen.       
 
Kahoona 
 
Kahoona is leuk.         
Het advies van Kahoona was nuttig.       
Het advies van Kahoona was duidelijk.       
Ik vind Kahoona geloofwaardig.       
Kahoona geeft beter les dan mijn docent(e). 
 
Open vragen 
 
Hiernaast kun je eventueel je antwoorden toelichten. 
 
Wat kan er beter? Hoe zou jij het spel verbeteren? 
 
Had je moeite met de Engelse woorden? 
 
Begreep je meteen hoe het spel werkte? 
Was er iets waar je eerst aan moest wennen? 
Was er iets waardoor je in het begin fouten maakte die niet nodig waren? 
 
Klopte er volgens jou iets niet? 
Was je het met een van de uitspraken van Kahoona niet eens? Licht toe. 
 
Vond je iets irritant? Vertel het me! 
 
Overige opmerkingen 



Appendices  44 

 

9.3 Q-Q plots 

9.3.1 Pre-test results 
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9.3.2 Performance average 
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