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Abstract This study addresses the learning of Information and Communication
Technologies (ICT) concepts by physical education and sport science students
through a computer game. Its aims are: (a) the design of the prototype of a computer
game aimed at supporting the development of an appropriate mental model about
how a computer works by the students, and (b) the evaluation of the impact of the
use of this prototype on students as to appeal, basic usability issues and learning
outcomes. The most significant elements of the game prototype (narrative,
characters, interface, scenarios, puzzles, gameplay) are presented in connection with
the constructivist learning principles that guided the game design. A hundred and
three (103) physical education and sport science students participated in the
evaluation of the game prototype, which was conducted through pretest and posttest
written questionnaires that elicited both quantitative and qualitative data. The data
analysis showed that the game prototype was well-accepted as an alternative learning
tool for ICT, compared to traditional learning tools, and that most game elements
elicited average to positive responses from the students. It was also found that the
game prototype had a significant positive effect on students’ knowledge regarding
the concepts of input, program, output and their interplay, and that it helped certain
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students overcome their misconceptions and form more scientifically acceptable and
elaborate mental conceptions about basic functions of a computer. Future improve-
ments and extensions to the game as well as future research perspectives are
discussed on the basis of the findings.

Keywords Computer game - Digital game-based learning - ICT - Physical education -
Sport science - Constructivism

1 Introduction

Digital Game Based Learning (DGBL) is a learning approach that promotes the
integration of educational content and learning objectives within the context of
computer and video game-based activities (Prensky 2001a). DGBL can be used for
the learning of almost all subjects (Coffey 2009). In fact, previous research has
shown that computer games have been effective in increasing motivation and
achievement of both children and adults in various areas, such as science and
mathematics (Smith and Muhro 2009), language (McGraw et al. 2009; Liu and Chu
2010), geography (Virvou et al. 2005) and computer science (Papastergiou 2009a;
Kordaki 2011).

Among the acclaimed benefits of DGBL is that computer games can make
learning more efficient, engaging, interesting and enjoyable (Malone 1980) and that
they can incorporate sound principles and models of learning (Eck 2006). Another
reason why DGBL is being widely studied today is that traditional educational
methods may no longer be effective for the current generation of learners (Srinivasan
et al. 2008), whose way of thinking, learning and processing information has been
changed thanks to technology (Prensky 2001b). In fact, the research conducted thus
far has been able to support some of the acclaimed benefits of DGBL with
encouraging results concerning student engagement and learning (Tiziin 2007;
Srinivasan et al. 2008).

The research described in this paper began as an effort to enhance the motivation
and learning of physical education and sport science students regarding concepts
related to Information and Communication Technologies (ICT). Specifically, in the
Department of Physical Education and Sport Science (DPESS) of the University of
X (institution name removed for blind review), ‘Computers’ is a compulsory ICT
course taught to all first-year undergraduate students, during their first semester of
academic studies. Its theoretical curriculum comprises topics such as: a model of
how a computer works, computer typology, hardware of a personal computer,
software types, computer networks and the Internet. The instructor of the course is
one of the authors (M.P.). In line with her previous experiences of teaching ICT
concepts in a lecture format, students soon get bored and looked forward to actually
using computers and the Internet. It was, thus, decided to experiment with
introducing a game into the course, designed according to constructivist learning
principles, which would embed topics of the theoretical curriculum of the course,
and which could serve both as a motivation tool and a learning medium.

Although various games designed for the learning of computer science or ICT
concepts at higher education level have already been reported in the research
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literature (e.g. Connolly et al. 2006; Hingston et al. 2006; Milone et al. 2009; Sindre 75
et al. 2009), those games are mostly addressed at students of computer science or 76
other ICT-oriented disciplines. To the best of the authors’ knowledge, no research 77
thus far has addressed the utilization of DGBL for the learning of ICT concepts by 78
physical education and sport science students. Consequently, there is an absence of 79
computer games specifically designed to support the learning of such concepts by 80
physical education and sport science students. Nevertheless, today, it is widely 81
acknowledged that those students should be helped to understand ICT concepts and 82
to acquire ICT skills, given that ICT are increasingly becoming an integral part of the 83
physical education curriculum and its instruction as well as of the everyday work of 84
physical education teachers, athletic coaches and sport managers (Kocak 2003; 85
Liang et al. 2000). 86
The aim of the study presented in this paper is twofold: (a) the design of the 87
prototype of a computer game aimed at supporting the development of an 88
appropriate mental model about how a computer works by physical education and 89
sport science students, and (b) the evaluation of the impact of the use of this 90
prototype on students as to its appeal, basic usability issues and learning outcomes. 91
This paper makes an original contribution both to the area of DGBL and to the 92
area of information literacy training given that it provides a concrete case study on 93
the design of a game prototype for the learning of ICT concepts by students who 94
study a non ICT-oriented discipline, namely physical education and sport science, 95
and on the evaluation of this prototype in real academic settings. 96
This paper is organized as follows: in the next section, the conceptual framework 97
of the design of the proposed computer game is reported. Next, the design and basic 938
features of a prototype of this game are presented. Subsequently, an evaluation study 99
of the prototype -on real students- addressing motivational, usability and learning 100
aspects is presented. Finally, the results of this study are discussed and conclusions 101
are drawn. 102

2 Conceptual framework 103

In what follows, the influential role of digital games in contemporary society and in 104
young people’s lives is first documented. Then, the main principles of constructivist 105
approaches to learning, which have inspired the design of the game prototype, are 106
discussed and their interplay with DGBL environments is analyzed. 107

2.1 Digital games, young people and learning 108

Digital gaming entertainment is one of the most profitable industries so far. This can 109
be proven by the statistics released annually by the Entertainment Software 110
Association, according to which, computer or video games are played in the 111
majority of American households and game sales accumulate billions of dollars each 112
year (ESA 2009). Furthermore, the applications defined as ‘serious games’, namely 113
games designed for specific purposes besides mere entertainment (Abt 1987), are 114
being used in sectors as varied as health promotion, military training, advertising, 115
production, science, research, and education (Sawyer and Smith 2008). 116
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Many scholars have argued that appropriately designed computer games providea 117
compelling context for learning (e.g. Kafai 2001; Tennyson and Jorczak 2008). In 118
the course of playing such games, young people can be introduced to new concepts, 119
topics and skills -during both formal (i.e. classroom) and informal (i.e. outside class) 120
education- which they can continue to explore through offline reading, discussions 121
or activities (Fisch 2005). And given that the outcomes of informal learning are 122
argued to be superior to those of formal learning (Conner 1997; Cross 2000), this 123
constitutes a reason to explore the introduction of games in educational environ- 124
ments. It is also worth noting that computer games play a central role in young 125
people’s lives and constitute a very popular computer activity for them (Kirriemuir 126 Q1
and McFarlane 2004; Gros 2007). Research into games and play has also 127
demonstrated that players can attain a state of ‘flow’ (Csikszentmihalyi 1990) 128
summarized as “the state in which we are so involved in something that nothing else 129
matters”. In fact, the uniqueness of the DGBL approach comes with the involvement 130
and the excitement of the accomplishment (Rajaravivarma 2005). Based on 131
Csikszentmihalyi’s flow theory and on experiential learning theory, Kiili (2005a) 132
presents an experiential gaming model, which can guide the design and evaluation of 133
engaging and motivational educational computer games. According to the model, the 134
environment of such a game should offer a player appropriate learning experiences, 135
immediate feedback, clear goals and challenges that match his/her skill level, with a 136
view to maximizing flow, which, in turn, can have a positive impact on the learning 137
effectiveness of the game (Kiili 2005a). Among other factors that can facilitate flow 138
within such a game are: an engaging gameplay, a captivating storyline and good 139
usability (Kiili 2000a; Kiili 2005b). 140Q2

It is also widely believed that DGBL environments favor the acquisition of 141
essential learning competencies, such as logical and critical thinking, reasoning 142
ability as well as problem-solving skills (McFarlane et al. 2002; Gros 2007; Chuang 143
et al. 2010). Most importantly, they can support learning in ways different from 144
those often in evidence, or explicitly valued, in academic settings (Kirriemuir and 145
McFarlane 2004). In fact, young people seem to expect different approaches to 146
learning, shaped by their frequent interaction with computer games and information 147
technology tools outside academic settings (Prensky 2001a, b). 148

2.2 Constructivist learning theories and digital games 149

The adoption of principles of learning theories in the design of computer games is of 150
great importance, especially in games dedicated to educational purposes. Among the 151
three main paradigms of learning theories (namely behaviorism, cognitivism and 152
constructivism), constructivism seems to be the most relevant to DGBL (Oblinger 153
2004). Constructivist views of learning are also adopted in Kiili’s (2005a) afore- 154
mentioned experiential gaming model. In fact, constructivist learning theories 155
acknowledge the active, subjective and constructive nature of learning (Jonassen 156
1999). According to these theories, the role of motivational activities is also crucial, 157
so that learners are encouraged to actively and passionately engage in the 158
construction of their knowledge (Jonassen 1999; Land and Hannafin 2000). 159
Specifically, motivational or affective factors, such as intrinsic motivation and 160
personal goals, along with the motivational characteristics of learning tasks, play a 161
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significant role in the learning process (Ford 1992; Alexander and Murphy 1998). 162
Social constructivist theories of learning also acknowledge the role of tools 163
(Vygotsky 1974), and especially the role of computer tools (Noss and Hoyles 164
1996), in supporting students to enhance their Zone of Proximal Development (i.e. 165
the difference between what a learner can do without help and what he/she can do 166
with help) by exploring the knowledge that is integrated within such tools. The 167
provision of appropriate scaffolding (i.e. support) on learners’ actions within a 168
learning environment is also of great importance in assisting students’ learning 169
(Vygotsky 1974). In the context of social learning perspectives, the role of situation, 170
and that of the general social context where learning takes place, shapes the learners” 171
activity and provides them with opportunities to construct meaning (Lave and 172
Wenger 1990; Bandura 1997). In fact, Situated Learning Theory posits that learning 173
is unintentional and situated within authentic activity, context, and culture (Lave 174
1988; Lave and Wenger 1990). 175

Given that within a constructivist learning environment learners can not only 176
construct knowledge, but also put into practice what they have learned in different 177
situations, interact in order to advance, analyze data and test hypotheses (Jonassen et 178
al. 1995), a digital game is a challenging medium for the creation of constructivist 179
learning environments. In fact, digital games not only provide a source of strong 180
motivation for student engagement in learning, but they can support active and 181
experiential learning, and they can favor activation of prior knowledge, given that 182
players must use previously learned information in order to advance in the game 183
(Oblinger 2004). Games also provide immediate feedback enabling players to test 184
hypotheses and learn from their actions, they encompass opportunities for self~ 185
assessment through the mechanisms of scoring and reaching different levels, and 186
they can offer opportunities for social interactions (Oblinger 2004). Constructivist 187
learning principles are sometimes encountered even in commercial digital games that 188
were not specifically created for educational purposes (Mufioz-Rosario and 189
Widmeyer 2009). 190

Gee (2003) introduced a set of guidelines to be followed during the design 191
process of a game that truly reflects the constructivist approach. From this set, the 192
following guidelines (in a form of appropriate principles) were selected by Bonk and 193
Dennen (2005) and revised by Mufoz-Rosario and Widmeyer (2009): (P1) probing 194
principle: the learner should be encouraged to fund his/her own hypotheses and test 195
them in action, (P2) distributed principle: learners should be able to interact and 196
share knowledge with others, (P3) multiple routes principle: learners should be given 197
access to different progression routes and choices, (P4) practice principle: learners 198
should be able to practice as much as they want, (P5) psychosocial moratorium 199
principle: unlike real-life environments, learners should be able to take risks, (P6) 200
regime of competence principle: learners should be challenged to go beyond their 201
comfort zone, (P7) engaging principle: the game should be attractive enough for the 202
learners to engage in it, with elements such as theme and plot story, (P8) user 203
interface ease of use principle: the interface should be intuitive, consistent and easy 204
to navigate, (P9) achievement principle: learners should be rewarded for their 205
progress in the game, as a form of encouragement. The achievement could be 206
anything (e.g. unlocking abilities upon advancing to a new level, receiving a reward 207
upon completing a mission). 208
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These principles are meant to be applied in large scale gaming environments 209
shared by various simultaneous players. However, some of them can also be applied 210
in the creation of smaller scale, single-player games. For the design of the game 211
prototype presented in this paper an attempt was made to incorporate most of the 212
design principles mentioned above (except P2 and PS5, the ‘distributed principle’— 213
which refers to multi-player games—and the ‘psychosocial moratorium principle’) 214
as well as main aspects deriving from the social and constructivist theoretical 215
framework presented in this section, namely: active and experiential learning, 216
learners’ engagement, motivational activities, activation of prior knowledge, self- 217
assessment, scaffolding, and appropriate social context for construction of meaning. 218

3 Design and basic features of the prototype 219

The prototype here presented is the introductory part of a game that is intended to be 220
integrated into the ‘Computers’ course and to be used as a supplementary learning 221
tool exclusively for the students of the course. The game is envisaged to include 222
several levels, each of which will be divided into acts consisting of puzzles that the 223
student has to gradually solve. A draft preliminary version of part of the prototype is 224

briefly presented in Authors (2011). 225
The prototype consists of two acts and aims to help students form an appropriate, 226
functional mental model of the computer without—at this introductory stage— 227

examining the computer’s inner workings. Specifically, the purpose of the two acts is 228
to help students conceptualize the computer according to the model of the 229
programmable data processor, and their instructional design was inspired by the 230
presentation of the model in Forouzan (2003). The students are expected to understand 231
the basic functions that the computer performs according to that model, namely that it 232
receives input data, processes those data guided by the program, and produces output 233
data, and to conceive the interplay between input, program and output. 234

The game’s target group is first-year physical education and sport science 235
undergraduate students. Besides attending classes, those students also engage in 236
sports. According to the constructivist learning principles that were presented earlier 237
in this paper, learning should be motivational, challenging and personally relevant. It 238
was, thus, decided to embed the theme of sports into the game design with a view to 239
providing a meaningful context with which the specific target group could relate 240
(implementation of P7, the afore-mentioned ‘engaging principle’). 241

In this section, the most significant elements of the prototype design are presented 242
in connection with the constructivist learning principles that guided the design. The 243
narrative, characters, interface, scenarios and challenges (puzzles) are presented first, 244
followed by a description of the game mechanics and gameplay, and by a 245
walkthrough of the two acts (Act 1 and Act 2). The section ends with a brief report 246
on the implementation of the prototype. 247

3.1 Narrative 248

An engaging narrative was sought with a view to rendering the game appealing and 249
challenging for students and to further incorporating P7 (the ‘engaging principle’) 250
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into the game design. Narrative plays an important part in educational games: it can 251
motivate the player (Waraich 2004), it can create a supportive context for the 252
necessary interpretation and order inside the game (Nitsche 2008), and may help the 253
player make sense of the information and challenges he/she encounters. It can, thus, 254
favor situated learning, which, as already mentioned, constitutes a basic tenet of 255
constructivist learning. In the game, the player follows a storyline structured in 256
successive acts, which is hoped to help him/her make sense of what he/she 257
encounters within the game environment and to invoke enough curiosity to move to 258
the next act. 259

The storytelling is linked to the Olympic Games of Athens, in a future where 260
some technological progress has been made, but older hardware and software is still 261
being used. The player assumes a character codenamed ‘Hero’. Hero is a physical 262
education and sport science student working as a volunteer for the Games, and is 263
accompanied by a hovering robot (henceforth called ‘Robot’). The computing and 264
networking infrastructures of the Olympic Games facilities are suddenly affected by 265
a series of crashes and, inevitably, Hero and Robot are involved in this chaos and 266
have to solve the enigma behind the computer and network instability. The game 267
environment encourages active, problem-based and experiential learning, which is a 268
basic feature of constructivist learning environments. A description of past events is 269
embedded in the storytelling with a view to making the plot setting more believable 270
and to explaining the presence of outdated, but still functional equipment, mixed 271
with more technologically sophisticated equipment in the game scenarios. With such 272
a story development it is possible to justify the presence of old computers, since it is 273
necessary to introduce elements in a futuristic setting, which however can be related 274
to the current computer technology the DPESS student has to learn about. 275

3.2 Characters 276

The main character (Hero) is a realistic character with which the players can identify = 277
(given that he is a physical education and sport science student). This can render the 278
game environment more personally relevant for them and their ‘immersion’ into it 279
easier (application of P7, the ‘engaging principle’). The protagonist has a helper in 280
his explorations, Robot. Its purpose is to help Hero in various situations, by 281
providing contextual information as well as useful hints during the puzzle-solving 282
process. Therefore, Robot is familiar with several basic ICT concepts, although this 283
knowledge is incomplete. Robot is intended to provide scaffolding to the student’s 284
actions, an element that is considered to help learning, according to the constructivist 285
learning principles. Alexis is another character with whom Hero and Robot 286
frequently interact. Alexis is the protagonist’s ‘geeky’ friend, who serves as a 287
volunteer (system administrator’s auxiliary) in the Olympic Games ITC (Information 288
Technology Center). Alexis is one of the main sources of ICT-related information 289
within the game. His dialogues with Hero and Robot can provide the player with 290
useful hints, which may help him/her solve puzzles or consolidate the knowledge 291
acquired through the puzzle-solving process. In this way, a tier of additional 292
scaffolding is provided to the player. Furthermore, the fact that the player can 293
interact with Robot and Alexis introduces a sense of social interaction into the game 294
(although the game is not actually multiplayer). ‘Staff member’ is another secondary 295
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character, who works officially for the Games and who is stressed about the 296
commotion caused by the system crashes. This character was introduced to assign 297
Hero various tasks to perform, including puzzles to solve. On the whole, Hero is 298
provided with various opportunities to form his own hypotheses and test them in 299
action during the game play (implementation of P1 and P4, the afore-mentioned 300
‘probing’ and ‘practice’ principles). 301

3.3 Interface 302

The protagonist possess a Portable Computing Device (henceforth called ‘the PCD’), 303
which plays a vital role in the game given that it can be used by the player during the 304
puzzle-solving process, and it also stores a ‘Knowledge Database’ of the ICT-related 305
information discovered thus far by the player (initially this database is empty). The 306
player can run various applications on the PCD (initially there are no applications to 307
run). However, as he/she advances in the game, solved puzzles unlock new applications 308
on the PCD as well as new content in the ‘Knowledge Database’ (implementation of P9, 309
the ‘achievement principle’). In accordance with the constructivist learning approach, 310
the player has to construct knowledge through the puzzle-solving activities and 311
through his/her interactions with the characters of the game. Then, the database entries 312
that are relevant to the concepts that underlie the puzzles get unlocked so that the 313
player can conceptualize and consolidate the recently acquired knowledge. By 314
plugging ‘memory chips’ into the PCD, the player can access additional applications 315
and content. ‘Memory chips’ are the most commonly encountered objects within the 316
game and their contents depend on the specific act and puzzle. There is also an 317
‘Inventory’, where objects (e.g. ‘memory chips’) are placed for the protagonist to view 318
and use, and a ‘Hint system’ intended to host Robot’s hints). A simple interface, in the 319
form of a slide menu was designed to allow the player to interact with these elements. 320
Dialog boxes appear during cut scenes. They display the character with whom the 321
protagonist is talking along with text. On the whole, care has been taken in the game’s 322
interface so that it be intuitive, consistent with the game narrative and easy to navigate 323
(implementation of P8, the ‘user interface ease of use principle’). 324

3.4 Scenarios 325

Scenarios had to be in tune with the game’s narrative and to include elements eye- 326
catching enough for the player to click on and explore. The player can explore these 327
elements in any order and engage in the puzzles embedded in the scenarios when 328
he/she wishes (implementation of P3, the afore-mentioned ‘multiple routes 329
principle’). The scenarios were drawn at a special angle as if they were seen 330
through the protagonist’s eyes. 331

3.5 Challenges 332
The game comprises a series of puzzles, which were merged into the storyline 333
carefully and which require the player to get actively involved in the construction of 334

new knowledge or in the application of already acquired knowledge. According to 335
the constructivist approach to learning, these puzzles encourage exploratory learning 336
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as well as putting existent knowledge into practice in order to cope with real 337
situations. Furthermore, they challenge the player to go beyond his/her comfort zone 338
(implementation of P6, the ‘7egime of competence principle’). The puzzles 339
implemented thus far are presented in subsections 3.7 and 3.8. 340

3.6 Game mechanics and gameplay 341

Several elements from known game genres were incorporated into the game design. For 342
instance, dialogues function as in most basic role-playing games, and scenes are 343
explored by poking objects as in mystery solving adventures. In fact, the game is mainly 344
an adventure game and this choice was made because adventure games are consideredto 345
be viable educational tools that can stimulate students’ curiosity and can affect both their 346
cognitive functions and motivation (Amory 2001). The basic game mechanics are as 347
follows. After a brief introduction to a new act (which situates the act within the 348
general game narrative), the player can: start exploring the scenario, interact with 349
elements in the background, check the current objects in the ‘Inventory’, consult the 350
‘Knowledge Database’ on the PCD, and unlock applications on the PCD. At a point 351
where he/she has advanced enough in his/her investigation, he/she can unlock a 352
puzzle. Successfully solving the act’s puzzle(s) will trigger the act’s conclusion and the 353
player will proceed to the next act (application of P9, the ‘achievement principle’). 354

3.7 Walkthrough of Act 1 355

Act 1 is situated in a basketball court, where Greece is playing against Spain 356
and Hero serves as a volunteer. Suddenly the scoreboard displays strange 357
characters. Hero and Robot go to the court’s ‘hardware backroom’ (which is 358
this act’s scenario) to see what is happening (Fig. 1). All the systems have 359
crashed and that is why the current scores have been erased. The player can 360
explore the ‘hardware backroom’ by clicking on its various objects (e.g. on a PC), 361
and getting relevant information (Fig. 2). 362

Fig. 1 Hero and Robot volunteer to help
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Fig. 2 Exploring the ‘hardware backroom’

Suddenly, ‘Staff member gives Hero a memory chip and a piece of paper, 363
shouting “We need those scores right now!”. The paper contains the points achieved 364
thus far by the competing teams, and the only way to see the chip contents (and to 365
unlock the act’s puzzles) is to plug it into the PCD. When the player does so, the 366
scattered and stacked pieces of a block diagram appear on the PCD screen, and the 367
player has to put them together, otherwise he/she cannot advance (Fig. 3). The 368
diagram depicts the model of the computer as a programmable data processor 369
(Forouzan 2003), but the player is not given this information. Instead, through the 370
process of trying to assemble the pieces, he/she can think hard on what the pieces 371
represent, and on how they can be put together to make sense. When a piece is 372
correctly placed, its outline changes color and a sound is heard. Thus, the player gets 373
immediate feedback regarding the correctness (or not) of his/her hypotheses 374
(application of P1, the ‘probing principle’). Only when he/she has successfully 375

Fig. 3 The first puzzle to solve on the PCD
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assembled the diagram, does Robot provide an explanation of the model, which 376
includes the concepts of input data, program and output data. Then, a new 377
application is unlocked and runs on the PCD. 378

Robot informs Hero that he has to enter the points achieved by Greece and then by 379
Spain in order to compute the current score for each team (the application makes the 380
PCD perform an addition of the numerical data entered) (Fig. 4). The player has to 381
execute the same program twice with different input data each time (different outputis 382
obtained), and, thus, has the opportunity to consolidate the previously introduced 383
concepts of input, program and output through a concrete, ‘hands-on’ example. When 384
done with this task, ‘Staff member’ asks the player the two scores. The plot advances 385
to Act 2 only if he receives correct answers (and the erased scores are restored). It 386
should be noted that when the player has successfully solved Act 1 puzzles, an entry 387
on the concept of the program is unlocked in the ‘Knowledge Database’. 388

3.8 Walkthrough of Act 2 389

After the basketball game, Hero and Robot go to the main room of the Information 390
Technology Center (ITC) of the Olympic Stadium (which is this act’s scenario) in 391
order to visit Alexis and learn about the system crash. Alexis informs them that the 392
ITC staff has managed to recover the systems and is currently trying to recover the 393
data. He gives Hero a data file on a memory chip. It contains a list of five country 394
names, each followed by a number of points (the results from a recent game that 395
Alexis has managed to backup). To unlock this act’s puzzle, the player has to run 396
two programs installed on two identical computers of the ITC main room, by 397
plugging the memory chip into each of them and using the data in the chip as input. 398
When plugged into the first computer, the output shown on Fig. 5a is obtained, 399
whereas when plugged into the second computer, different output is obtained 400
(Fig. 5b). The player has the opportunity to speculate on the reason for obtaining 401
different output, and Alexis helps him/her understand why the two computers 402
‘behaved’ in different ways (Fig. 6). 403

Fig. 4 Calculating the current score for each team
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NIGERIA
GERMANY

USA
EGYPT
GREECE
FRANCE

Fig. 5 Output obtained on the two computers of the ITC

Forouzan (2003) points out three cases in the behavior of the programmable data 404
processor: a) same program run with the same input data, b) same program run with 405
different input data, c) different program run with the same input data. Whereas in 406
Act 1 the player runs the same program with different input data, in this act, he/she 407
can run different programs with the same input data, and, thus, enhance his/her 408
practical understanding of the afore-mentioned behavior. Through dialogical 409
interaction between Hero and Alexis, the player is helped to understand what each 410
program does. At this point, Act 2 is concluded, but the player can still poke around 411
the scenario or check the ‘Knowledge Database’ (implementation of P4, the 412
‘practice principle’). 413

3.9 Prototype implementation 414

The prototype was implemented in ActionScript 3.0 using Adobe Flash CS4. Those 415
tools were chosen due to the easy implementation of graphic elements, the simple 416
coding and the possibility to install the implemented application as a Web browser 417
game. Artwork was produced through Adobe Photoshop and Illustrator, and was 418

Fig. 6 Alexis explaining the computers’ ‘behavior’
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drawn by one of the authors (R.M.C.) herself. Several images including images from 419
the stock photo website stock.xchng (http://www.sxc.hu/) were used as references or 420
edited into scenarios. The sound effects and music were retrieved from the web 421

portal Flashkit (http://www.flashkit.com/). 422
4 Evaluation of the prototype 423
4.1 Purpose 424

The purpose of the evaluation was: (a) to assess students’ responses to the game 425
prototype in terms of appeal, perceived usefulness and basic usability issues, and (b) 426
to investigate the eventual effects of the use of the game prototype on students’ 427
knowledge regarding the concepts of input, program, output and their interplay. 428

4.2 Sample 429

The sample was 103 first-year DPESS students. Among them, 68 were boys (66% of 430
the sample) and 35 were girls (34% of the sample). The students’ mean age was M= 431
18.97 (SD=3.01). All students used computers in their everyday lives, 20 of them 432
(19.4% of the sample) less than an hour daily, 41 (39.8%) one to two hours daily, 28 433
(27.2%) two to three hours daily and 14 (13.6%) more than three hours daily. 434
Among the 103 students, 50 (48.5% of the sample) did not play electronic games in 435
their everyday lives, 17 (16.5%) played electronic games less than an hour daily, 31 436
(30.1%) did so one to two hours daily, 2 (1.9%) two to three hours daily and 3 437
(2.9%) more than three hours daily. 438

4.3 Instruments 439

For the purpose of the evaluation two questionnaires were constructed: a feedback 440
questionnaire and a knowledge questionnaire. These questionnaires elicited both 441
quantitative and qualitative data. 442

The feedback questionnaire was aimed at assessing students’ views on the appeal, 443
usefulness and basic usability of the game prototype. Regarding usability, the 444
following two aspects were examined: ease of use and satisfaction from use (Nielsen 445
1994). This questionnaire first elicited students’ biographical data: gender, age, 446
computer use, hours spent on the computer daily, engagement in electronic gaming, 447
hours spent on playing electronic games daily (the results of the analysis of these 448
biographical data have been presented in subsection 4.2). Then, through six closed 449
questions, students were asked to rate on a 5-point scale (1="not at all’, 2="a little’, 450
3="quite a lot’, 4="a lot’, 5="very much’) the degree to which they found that the 451
game: a) was appealing, b) was easy to use, c) has helped them acquire useful 452
knowledge regarding ICT, d) could help them learn more regarding ICT, e) could 453
help them maintain their motivation for the course, and f) was preferable to 454
traditional learning media for ICT, such as books. Subsequently, through 11 closed 455
questions, students were asked to rate on the same 5-point scale the degree to which 456
they found the following elements engaging: a) the gameplay, b) the user interface, 457
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¢) Hero, d) Robot, ¢) Alexis, f) Staff member, g) the story, h) Act 1 scenario, i) Act 2 458
scenario, j) Act 1 puzzles, k) Act 2 puzzles. The afore-mentioned 17 closed 459
questions are presented in Table 2, in section 4.6 of this paper (together with the data 460
that emerged from students’ answers). Finally, through three open-ended questions, 461
students were asked what they liked the most and what they liked the least about the 462
game as well as to give their own proposals for its improvement. 463

The knowledge questionnaire was aimed at assessing students’ knowledge 464
regarding the concepts of input, program and output and their interplay. The 465
questionnaire comprised two parts: the first part consisted of seven semi-closed or 466
closed questions, whereas the second part consisted of one open-ended question. The 467
questions of the first part were as follows. Through the first semi-closed question 468
(Q1), which consisted of three sub-questions, students were asked to complete the 469
three blanks in the following sentence: “The computer receives _ (choose between 470
‘input’ and ‘output’) data, processes it according to the _ (find the missing word), 471
and produces _ (choose between ‘input’ and ‘output’) data. The following six 472
questions of the group were multiple-choice (or ‘Yes/No’) questions. Through the 473
second question (Q2), students were asked which of the following elements guides 474
the computer in the handling of the data that it receives: a) the memory, b) the 475
program, c¢) the processor, d) the hard disk. Through the third question (Q3), they 476
were asked whether programmers write programs mostly in: a) machine languages, 477
b) higher-level programming languages. The fourth question (Q4) asked them 478
whether it is possible or not to get different results every time a program is run on 479
the computer. The fifth question (Q5) asked what happens when the same program is 480
run with the same input data (the possible answers were ‘different output is obtained’ 481
and ‘the same output is obtained’). The sixth question (Q6) asked what happens 482
when two different programs are run with the same input data (the possible answers 483
were as in Q5). The seventh question (Q7) asked what happens when the same 484
program is run with two different sets of input data (the possible answers were again 485
as in Q5). Finally, through the open-ended question (Q8), which formed the second 486
part of the questionnaire, students were asked to write, in their own words, what they 487
believed a computer program is. 488

4.4 Procedure 489

The research was conducted in the beginning of the academic year 2010-2011, at the 490
DPESS, during the first session of the ‘Computers’ course, before the students were 491
actually taught any of the course subject matter. A pretest/posttest research design 492
was followed. The knowledge questionnaire was administered to the students twice 493
(before and after their interaction with the game prototype) with a view to assessing 494
the eventual effects of the use of the prototype on their knowledge. The feedback 495
questionnaire was administered to them once, after their interaction with the 496
prototype. Specifically, in the pretest, the knowledge questionnaire was given to the 497
students, after they had been informed about the purposes and the procedures of the 498
intervention. The students completed the questionnaire individually and anony- 499
mously. Then, they interacted with the game prototype for about 40 minutes, in the 500
computer laboratory of the DPESS. After they had interacted with the software, the 501
posttest was conducted. In the posttest, the students completed the knowledge 502
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questionnaire again followed by the feedback questionnaire (both questionnaires
were completed individually and anonymously). For the matching of the
questionnaires between the pretest and the posttest, pseudonyms that the students
were asked to adopt and note down on their questionnaires were used.

4.5 Data analysis

Students’ answers to the closed questions of the feedback questionnaire were
analyzed by descriptive statistics. Students’ answers to the open-ended questions of
the feedback questionnaire were grouped into categories according to their common
themes (Gall et al. 1996). Each of the answers was assigned to one or more of the
categories (if it had multiple references).

For each student, his/her scores in the two parts of the knowledge questionnaire
were calculated as follows. First, a score was calculated for the first part (semi-
closed and closed questions). Specifically, in the first question (Q1), each correct
word was graded with 1, whereas each erroneous word was graded with 0. Both the
words ‘program’ and ‘software’ were accepted as correct missing words in the
second blank of the question. In the six subsequent questions (Q2 to Q7), each
correct answer was graded with 1, whereas each erroneous answer was graded with
0. A student’s score in the first part was the sum of his/her grades in questions Q1 to
Q7. Possible scores in the first part of the knowledge questionnaire, thus, ranged
from 0 to 9, with high scores indicating high levels of knowledge regarding the
concepts of input, program, output and their interplay. Then a score was calculated
for the second part. Specifically, students’ answers to the open-ended question (Q8)
were classified by two independent raters into four categories (see Table 1). Inter-
judge reliability was 84%. The scoring criteria and respective categories were as
follows: a) simplistic and naive responses (category 1—graded with 1), b) responses
that comprise elements of scientific thought, but are erroneous (category 2—graded
with 2), (c) responses that comprise elements of scientific thought, but are
incomplete (category 3—graded with 3), (d) scientifically correct and elaborate
responses (category 4—graded with 4). Each student’s answer was assigned to one

Table 1 Representative answers to Q8 scored according to the criteria into 4 categories

Category Answer

1 “The program is necessary for the smooth operation of the computer”
“The program helps people to solve their everyday problems and facilitate their lives”

2 “The program is the content of the data that are located in the memory of the computer”
“The program is a device that processes a set of data and exports them to the user”

3 “The program is software that enables us to accomplish a certain task”

“The program is the steps that the computer follows to process the data that it has
received and give correct results”

4 “The program is a set of instructions written in a programming language by the
programmer for performing a specific operation on the computer”

“The program is a set of instructions which determine what the computer will do to the
input data so that output data (new information) are obtained from the computer”
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of these categories. A program can be defined as a set of instructions that indicate to
the computer how to handle the data (Forouzan 2003). Alternatively, it can be
defined as a sequence of instructions that enable the computer to perform a specific
task (Stair and Reynolds 2003). Students’ answers that explained the concept of the
program conforming to either definition were judged to be correct and were assigned
to Category 4. Possible scores in the second part of the knowledge questionnaire
ranged from 1 to 4, with high scores indicating correct and elaborate perceptions
regarding the concept of the computer program.

Finally, the eventual impact of the use of the game prototype on students’
knowledge regarding the afore-mentioned concepts (input, program, output) and
their interplay was investigated through two paired-samples t-tests, which compared
students’ mean scores between the pretest and the posttest for each part of the
knowledge questionnaire. These statistical analyses were performed using the SPSS
statistical package. Level of significance was set at 0.05.

4.6 Results

In what follows, the results of the analysis of the (posttest) feedback questionnaire are
presented first, followed by those of the pretest and posttest knowledge questionnaires.

4.6.1 Students’ view on the appeal and usability of the game prototype

Table 2 presents descriptive statistics, namely means (M) and standard deviations
(SD), of students’ responses to the game prototype.

As deduced from Table 2, the students of the sample strongly prefer the game to
traditional learning media for ICT, and found the game easy to use and its storyline
engaging. The means of their answers to the three respective questions were well

Table 2 Students’ responses to

the game prototype (N=103) Question M SD
The game was appealing 2.79 0.86
The game was easy to use 3.75 1.01
The game helped me acquire useful ICT knowledge 297 0.98
The game could help me learn more regarding ICT 2.95 1.01
The game could maintain my motivation for the course 296 1.02

The game is preferable to traditional learning media for ICT 3.85 1.16

The gameplay was engaging 2.86 0.99
The user interface was engaging 3.15 0.81
Hero was engaging 2.89 0.94
Robot was engaging 2.94 0.99
Alexis was engaging 293 1.05
Staff member was engaging 2.64 1.03
The story was engaging 336 1.02
Act 1 scenario was engaging 3.13 0.88
Act 2 scenario was engaging 3.03 0.88
Act 1 puzzles were engaging 3.27 1.07
Act 2 puzzles were engaging 299 1.07
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above the middle point of the 5-point scale used. The students also found the user 555
interface, the two scenarios and the puzzles engaging, as revealed by the means of 556
their answers to the respective questions, which all were around or above the middle 557
point of the scale. Students’ convictions that the game had helped them gain useful 558
ICT knowledge, that it could generally help them learn about ICT and that it could 559
maintain their motivation for the course were relatively less strong. The four game 560
characters were not found to be very appealing, with Staff member being assessed as 561
the least appealing among them. Surprisingly, the students did not find Hero very 562
engaging. Perhaps, this can be explained by the fact that Hero is never shown on the 563
game scenarios as those scenarios are supposed to be seen from the perspective of 564
Hero. The fact that the means of students’ answers to the questions regarding the 565
gameplay and the overall game appeal were relatively low suggests that there is 566
much room for improvement of the gameplay in the future so that, hopefully, it will 567

become as engaging as the storyline and the overall game appeal increases. 568
Students’ answers to the open-ended questions of the feedback questionnaire, 569
perhaps, provide more insight into students’ views on the prototype. 570

All 103 students answered the question what they liked the most about the 571
game. Among them, 39 students referred to the game storyline, which, 572
according to them, was engaging and stimulated their curiosity about what 573
would happen next within the game. The fact that the plot was connected to 574
their subject of studies (i.e. sports) was particularly appreciated by those 575
students, who identified with the situations encountered within the virtual 576
environment and with the hero. For instance, a boy wrote “The plot was 577
interesting and this created curiosity for the continuation of the story. I liked the 578
fact that during the system crash, in a crucial moment of the basketball game, a 579
fellow-student of ours was able to help in solving the problem. It could have been 580
one of us”. Thirty-six students appreciated the fact that they gained useful 581
knowledge regarding how computers work, in a way that, according to them, was 582
‘active’, ‘intelligent’, ‘easy’, ‘comprehensible’ and ‘enjoyable’. For example, a girl 583
wrote “You can easily learn many things about the world of informatics and 584
computers by helping in the evolution of the story. I managed to understand basic 585
facts about computers, which previously seemed too complicated to me”. Twenty 586
students mentioned in their answers the game characters, and 18 students the 587
puzzles (e.g. a boy wrote “That we learned about computers by solving puzzles”). 588
The graphics were mentioned by 10 students, the sounds by 6 students and the 589
interface by 2 students. 590

Seventeen out of the 103 students answered that there was not anything that they did 591
not like about the game prototype. Of the remaining 86 students, 25 mentioned the fact 592
that the game contained too many dialogues, which they found tiring. Twenty-three 593
students made various comments regarding the characters (e.g. a boy wrote “That Hero 594
does not appear to us at any point of the game ). Surprisingly enough, certain students 595
mentioned that they found the Robot’s dialogues with Hero disruptive. Sixteen students 596
mentioned that the puzzles were not challenging enough. For instance, a girl wrote 597
“The puzzles were simple enough for me. I think that the user could have more things 598
to do, that is to say, to participate more actively”. The storyline was mentioned by 14 599
students, who would have preferred a plot of greater duration, the graphics by 5 600
students, the interface by 5 students and the sound by one student. 601
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Finally, 51 students made proposals for the improvement of the game. Among
them, 28 proposed that it should be enriched with more puzzles, which should be as
challenging as possible, and with more opportunities for active user involvement.
This proposal was sometimes coupled with a suggestion for fewer and shorter
dialogues. For example, a boy wrote “More puzzles to solve, more activities and

fewer dialogues”. And a girl wrote “That the game puzzles become a little bit more

complicated and more difficult so that players’ interest is spurred and their
participation is more substantial. The dialogues should be shorter and more
interesting so that the player is kept in suspense”. Eleven students mentioned that
the storyline could be of greater duration. An improvement to the graphics (by
adding animated and/or three-dimensional graphics) was also suggested by 11
students. Finally, 8 students proposed improvements to the characters (e.g. a boy
asked for more characters and a girl for a female character).

From the findings presented in this subsection, it can be deduced that, overall, most
game elements elicited average to positive responses from the students. The game’s
stronger elements, as seen by the students, were its comparatively greater appeal to
traditional learning media for ICT, its ease of use and its engaging and meaningful for
them—though short—storyline. The weakest elements were the game’s characters, who
engaged in lengthy dialogues, and the gameplay, which could include more challenges
and could demand more active involvement from the player.

4.6.2 Impact of the game prototype on students’ knowledge

Table 3 presents students’ scores on the two parts of the knowledge questionnaire in
the pretest and in the posttest.

As deduced from Table 3, the paired-samples #-test that compared students’ mean
scores in the first part of the knowledge questionnaire, between the pretest and the
posttest, showed that there was a statistically significant increase in students’ scores
on the first part of the questionnaire from the pretest to the posttest. The eta squared
statistic indicated a large effect size (Pallant 2001). The same analysis, performed on
students’ pretest and posttest mean scores in the second part of the knowledge
questionnaire (open-ended question), also showed that there was a statistically
significant increase in students’ scores on the second part of the questionnaire from
the pretest to the posttest. The eta squared statistic indicated again a large effect size.
It can, thus, be deduced that interacting with the game prototype significantly
improved students’ knowledge regarding the concepts of input, program and output
and their interplay, and hence students’ understanding of the basic functions that a
computer performs.

Table 3 Pretest and posttest scores on the knowledge questionnaire (N=103)

Knowledge questionnaire Pretest Posttest Difference

M SD M SD  t(102) p eta squared

First part (semi-closed and closed questions) 7.28 135 8.10 1.15 —-6.459 <0.001 0.29
Second part (open-ended question) 2.05 0.84 259 091 -5889 <0.001 0.25
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The results of the analysis of the open-ended question (QS8) deserve a closer look
because they reveal students’ discourse and perceptions regarding what a computer
program is, as well as the effects that students’ interaction with the game prototype had on
these perceptions. Table 4 shows the frequencies and percentages of students’ answers
to Q8 (in the pretest and the posttest) as they were classified into the four categories.

As deduced from Table 4, in the pretest, 69.9% of the students gave answers that
revealed perceptions that were either naive/simplistic or erroneous, whereas only
30.1% of the students gave answers that either contained elements of scientific
thought (but were incomplete) or were scientifically correct and elaborate. In the
posttest the respective percentages were 50.5% and 49.5%, which indicates that the
game had a positive effect on students’ perceptions regarding the concept of the
program, given that after having used it, about half of the students had fully or
partially understood what a computer program is.

Examples of students’ answers to Q8 which reveal positive changes in students’
perceptions are presented in what follows.

For instance, in the pretest a girl wrote that a computer program is “A desktop
where the user can place various programs that have to do with sound, video,
games, etc.”, an answer that was erroneous and was classified into Category 2. In
the posttest, the same girl wrote “A program is a set of instructions through which
specific tasks are executed on the computer”, a correct explanation, which was
classified into Category 4.

Another girl’s answer in the pretest (“The program is the element that processes
the data that we enter to the computer”’) revealed that she believed that the program
itself processes the input data, and was classified into Category 2. This identification
of the program with the central processing unit is a common misconception that was
detected in students’ discourse. In the posttest, the same girl gave an answer which
was classified into category 4 and which revealed that she had understood that the
program itself does not process any data, but provides the instructions that are
necessary for the processing of data (“The program provides the computer with
instructions on how to use the input data in order to produce output data”).

A boy answered in the pretest that “The program is a set of data”, an erroneous
answer which was classified into Category 2 and which demonstrates another
common misconception detected in students’ discourse, namely an identification of
the program with the data that the computer processes according to the program. The
same boy, in the posttest, answered that the program is “4 set of instructions through
which the computer performs a specific task”, a correct answer that was classified
into Category 4.

Table 4 Students’ answers to
Q8 in the pretest and the Category Pretest Posttest
posttest (N=103) I —

f % f %
1 30 29.1 10 9.7
2 42 40.8 42 40.8
3 27 26.2 31 30.1
4 4 39 20 19.4
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Another boy in the pretest wrote that the program is “A computer application 675
created to perform specific tasks”, an answered which was assigned to Category 3. 676
The answer that the same boy gave in the posttest (“I¢ is series of instructions for the 677
computer to perform specific operations. The user can run a program entering data 678
and gets specific results’’) was more complete and elaborate and was assigned to 679
Category 4. 630

On the whole, among the 42 students that were found to initially have various 681
misconceptions (and their answers were assigned to Category 2 in the pretest), in the 682
posttest, two gave simplistic or naive responses (Category 1), 26 continued to have 683
erroneous conceptions (Category 2), four gave responses that comprised elements of 684
scientific thought but were incomplete (Category 3), and 10 gave scientifically 685
correct and elaborate responses (Category 4). Thus, 14 out of the 42 students (i.e. 686
one third of them) were helped by the game to overcome their misconceptions. 687

As derived by the findings presented in this subsection, the use of the game 688
prototype had a significant positive effect on students’ knowledge regarding the 689
concepts of input, program, output and their interplay. The game also helped 690
students form more mature, scientifically correct and elaborate mental conceptions 691
regarding what a computer program is and how the program guides the functioning 692
of the computer. 693

5 Discussion & conclusions 694

This paper presented the prototype of the introductory part of a computer game 695
designed according to constructivist learning principles and aimed at introducing 696
physical education and sport science undergraduate students to basic ICT concepts. 697
Furthermore, the impact of its use on students, in terms of appeal, basic usability 698
issues and learning outcomes, was investigated through conducting an evaluation 699
study in real academic settings, on a large sample of students of the intended target 700
group. 701

According to the results of the evaluation, the game prototype was well-accepted 702
by the students as an alternative learning tool for ICT, and most game elements 703
elicited average to positive responses by the students. The latter found the game easy 704
to use and appreciated its storyline, which they found meaningful because of its 705
connection with sports, their subject of studies, although of limited duration. The 706
game user interface, scenarios and puzzles were found to be engaging, but at the 707
same time, students expressed an eagerness for better gameplay, better characters, 708
less lengthy dialogues between characters and more challenging puzzles, so that the 709
player’s active involvement within the game increases, rendering the game more 710
appealing for them. 711

The specific learning objective of the game prototype was to help the students 712
form an appropriate mental model about how a computer works, namely to conceive 713
the computer as a programmable data processor, get introduced to the basic concepts 714
of input, program and output and understand their interplay. The results of the 715
evaluation showed that the prototype had a significant positive effect on students’ 716
knowledge regarding these concepts and their interplay, and that it helped certain 717
students overcome various misconceptions that they initially had (e.g. identification 718
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of the program with the central processing unit or with the data), and form more 719
scientifically acceptable and elaborate mental conceptions about the basic functions 720
of the computer. 721

The afore-mentioned findings are encouraging overall and seem to support the 722
findings of prior research (Virvou et al. 2005; Connolly et al. 2006; Hingston et al. 723
2006; Tiziin 2007; Srinivasan et al. 2008; Milone et al. 2009; Papastergiou 2009a; 724
Sindre et al. 2009; Kordaki 2011), which has shown that DGBL environments are 725
appreciated by students, and enhance student learning. 726

The findings of the conducted evaluation should be taken into account for the 727
future improvement and extension of the game. Specifically, on the basis of these 728
findings, the following changes should be made to the game with a view to 729
enhancing its appeal and learning effectiveness: a) the game should be extended to 730
comprise more acts and more levels, according to a storyline of greater duration, b) 731
the learning objectives of and topics covered by the game should also be extended 732
and, accordingly, more puzzles of progressively higher degree of difficulty should be 733
incorporated, c) the text-based dialogues among the characters should be limited (e. 734
g. the information conveyed through them could be provided through brief 735
animations based on comic-styled scenes, which would keep the player informed 736
about the progress in the storyline), d) the game characters should be revised (e.g. 737
Hero’s presence could be strengthened, through switching from first person to a third 738
person perspective, so that students relate with the character even more), and e) 739
players’ active involvement should be further encouraged, namely, players should be 740
granted more freedom and more opportunities to experiment with the concepts 741
presented in the game and construct their knowledge. Regarding the latter: although 742
effort was made that the fundamentals of the constructivist learning approach be 743
present in the game design (e.g. students were allowed to explore the virtual 744
environment, interact with objects and learn from their experience), the basic 745
principles of this approach, which were outlined earlier in this paper, should be 746
better reflected in the game design and, specifically, in the way the player’s activity 747
takes place within the game environment. 748

Apart from those improvements to existing features of the game, the following 749
additional future features could also be devised: a) a mechanism for storing students’ 750
game progress online so that the instructor can consult it remotely, b) character 751
personalization by the student (e.g. possibility to create a female counterpart of Hero 752
and to add custom names to characters), and c¢) a multiplayer mode, which could 753
encourage interaction and collaboration among students during the puzzle-solving 754
process. 755

As deduced from the evaluation results, and in agreement with the findings of 756
prior research (e.g. Virvou et al. 2005; Papastergiou 2009a), students have high 757
expectations regarding a DGBL environment (e.g. in the present study, certain 758
students asked for three-dimensional graphics), and they often expect to find in such 759
an environment the compelling and captivating features that they encounter in the 760
commercial games that they play in their everyday lives. However, it should be 761
acknowledged that the creation of a truly engaging game with multiple levels, a 762
coherent walkthrough, sophisticated graphics and gameplay, to be played during an 763
entire academic semester, is an extremely difficult and time-consuming task (Tiizin = 764
2007). Perhaps, such a task cannot be undertaken by researchers in academia alone, 765
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but by interdisciplinary teams formed by such researchers, and also multimedia 766
designers, computer programmers and game developers (Tiiziin 2007; Papastergiou 767
2009D). 768

The work presented in this paper had certain limitations which should be 769
mentioned. Firstly, the game prototype had a storyline of limited duration and 770
only a few, introductory puzzles. The results of the evaluation might, perhaps, 771
have been different if a greater part of the game was implemented and the 772
students had interacted with the software for a longer period of time. Secondly, 773
in the conducted evaluation there was no control group. Obviously, having a 774
control group of students who would be introduced to the same concepts (as 775
those addressed in the game) through, for instance, a traditional lecture would 776
have rendered the study more valid. However, the authors’ intention, at this 777
stage of game design and development, was not to conduct a control trial, but 778
to elicit students’ preliminary responses to and learning outcomes from the use 779
of the game prototype within a naturalistic academic setting. 780

This study opens up interesting research perspectives. First of all, it is worth 781
improving and extending the game as described earlier in this section. Once the 782
game is enriched with a longer storyline and additional challenges (so that it can be 783
used for a longer period of time by students), it will be interesting to assess it again 784
as to its appeal, usability and learning outcomes, this time following an experimental 785
design that includes a control group, as described in the previous paragraph. A 786
particular feature that, perhaps, deserves to be further researched on its own is the 787
multiplayer mode. An interesting research question is how this mode could be 788
implemented within the game so that it promotes knowledge construction through 789
students’ interactions, a basic tenet of the constructivist learning approach, at the 790
same time promoting challenge and even competition, which are elements that users 791
value in multiplayer games (Thomas 2011). Furthermore, once the multi-player 792
mode is implemented, it would be interesting to investigate, through a control trial, 793
which game mode (single-player or multi-player) yields greater student engagement 794
and better learning outcomes. 795

The contribution of this paper is that it provides a concrete case study on the design 796
and evaluation of an educational game for the learning of ICT concepts by students ofa 797
non ICT-oriented academic discipline (namely, physical education and sport science). 798
The paper demonstrated that it is feasible to create such a game and that the integration 799
of the ICT concepts under study into a storyline and challenges inspired from the 800
students’ academic discipline is crucial for the acceptance of the game by the students. It 801
is hoped that the paper provides useful guidance to researchers and practitioners who are 802
involved in the teaching of ICT to students enrolled in disciplines not directly related to 803
ICT as well as to game designers who might be interested in creating games for the 804

learning of ICT concepts by various target groups. 805
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