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Abstract. In this paper we review the general use of games in the domain of psychological counselling. We introduce a 
particular online program called SHADE that is designed to assist younger people with comorbid depression and alcohol or drug 
issues. We also discuss the design features of SHADOW, a game version of the SHADE program that is being designed to better 
engage participants so they complete this psychological counselling program. 

Keywords: Computer Games, Psychological Couselling, Gamification 

1 Introduction 

Depressed mood and alcohol misuse represent significant community problems, contributing first and fifth to the 
global disease burden in middle-high income countries [1]. Up to 89% of people with alcohol and other drug use disor-
ders also experience comorbid depressed mood [2]. Efficacious treatments for comorbid disorders have been developed, 
with available evidence supporting the use of integrated psychological treatments that address both addictive and psy-
chiatric symptoms concurrently [3-4]. If implemented widely in clinical practice, these integrated treatment programs 
could significantly impact the burden of illness [5]. 

Given the high personal, societal, and global costs of comorbidity, it is imperative that cost-efficient and effective 
treatment models for depression and alcohol and other drug use comorbidity are identified and implemented. The 
SHADE study [6] was the first and—as yet—only randomized controlled trial of a computerized psychological interven-
tion for comorbid depression and alcohol and other drug use problems, including a range of symptom severity. The 
SHADE study recruited 274 participants with current comorbid depression and alcohol and/or cannabis misuse to a 
randomized controlled trial that compared therapist-delivered cognitive behavioural therapy and motivational interview-
ing (10 sessions delivered face-to-face in research clinics), clinician-assisted computerized cognitive behavioural thera-
py/motivational interviewing (1 face-to-face session followed by 9 computer-delivered sessions with brief weekly clini-
cian assistance) and supportive counselling (control, 10 face-to-face sessions of nondirective support delivered face-to-
face in research clinics). Computerized cognitive behavioural therapy (CBT)/motivational interviewing was associated 
with improvement that was at least equivalent to that achieved by therapist-delivered CBT/motivational interviewing, 
with superior results in reducing alcohol consumption [6]. 

Computer and internet-based therapies such as SHADE have the potential to reduce costs associated with treatment 
(by reducing contact time with the therapist), increase standardization and treatment accessibility [7]. Unfortunately 
engaging clients in treatment is difficult, especially young people with substance use issues, whether in terms of initially 
accessing services, attending appointments, or maintaining motivation for treatment [8]. Given the relatively poor rate 
of treatment-seeking for these problems, the use of new technology in these arenas has been of particular interest [9-13]. 

Given these factors, it is not surprising that researchers and developers have been considering innovative ways to use 
gaming technologies to engage younger individuals in therapy. Australian and international literature suggests that 
young people are extensive consumers of digital media and users of digital devices, including video games [14]. In a 
sample of 1,326 Australian school and university students, Thomas and colleagues [15] found 91% of college, and 83% 
of university students had played computer games in their lifetime. Internationally, research indicates that in a 12-month 
period approximately 93% of adolescents play computer games, with 57% of a sample of Spanish adolescents [16] to 
63% of Norwegian adolescents [17] playing at least once a week.  

This potential, combined with the demonstrated effectiveness of SHADE when participants complete the program, 
has led us to develop a computer game version of the SHADE program. In the following section we review some previ-
ous use of game technology for the purpose of psychological counselling. Following this, we outline the key elements 
of the SHADE program and then look at how we have translated these features into a game called SHADOW.  
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2 Serious Games in Psychology 

The use of game play in therapy is not new, play therapy in child psychotherapy dates back over 50 years [18]. The 
related concept of ‘serious gaming’ was proposed by Abt [19], where the primary goal of such games was not simply 
entertainment, but rather, eliciting a carefully thought-out educational objective. In essence, the category includes any 
game that engages users in order to achieve a desired goal, such as teaching, training, or behavioural change [14], [20-
21].  

Research on the use of computer games in psychotherapeutic settings started as early as the 1980s and early 1990s 
[22-27]. Early research by a number of therapists used off-the-shelf commercial computer games with adolescent clients 
in an attempt to build mastery, self-confidence, reduce the stigma of therapy, displace their aggression, develop problem 
solving skills and to deal with both negative and positive outcomes [22], [24], [28-30]. Therapists also attempted to use 
commercial video games in order to evaluate cognitive skills, frustration, tolerance, and affective regulation of a child 
during game play, hoping to gain insight into intrapsychic conflicts [31]. For example, McGraw and colleagues [32] 
investigated the effects of the commercial game Dance Dance Revolution game on reading disorders of children affect-
ed by ADHD.  

A number of researchers have also promoted the use of the online virtual world, Second Life, as a platform for medi-
cal and health education, support and therapy [33-34]. It has been used to educate people about hallucinations [35], as a 
healing space for veteran soldiers [36], as a virtual reality (VR) exposure therapy for agoraphobia [37] and as a VR 
space for individuals with Asperger’s syndrome to interact with others and develop their social skills [38].  

Adventures of Lost Loch was an early attempt at a psychotherapeutic text-based game, developed for use in therapy 
by adolescents with low impulse control [23]. A number of attempts were made to develop games for young people 
with substance abuse problems includingBusted [39] and SMACK [26], though evaluation of these programs is lacking. 
Relax to Win is an example of an early biofeedback-based 2D game for the treatment of children with general anxiety 
[40]. While Eyespy: The Matrix, is a computer-based game developed to help improve processing of negative social 
information in cases of low self-esteem [41]. More recently, researchers at Melbourne’s Orygen Youth Health Centre 
have created a prototype computer game for young people recovering from psychosis, entitled Pogo’s Pledge [42]. 

Two game suites for autistic children have been developed. Let’s Face It [43], aims to teach ability-appropriate dis-
tinctions between faces and objects, and recognition and labeling of facial expressions. While TeachTown [44], uses 
game-like tests to assist with receptive language skills, social understanding, self-help, attention, memory, auditory 
processing and early academic skills for children with autism and other developmental delays. KidTalk [45] and The 
Junior Detective Training Program are computer games developed to assist children with Asperger’s syndrome by 
enhancing their social skills and emotional understanding [46]. 

Games utilising specific CBT techniques have also been developed, including Treasure Hunt [47] for children (8–12-
years old) who are in CBT treatment for various disorders. Personal Investigator (PI) is the first 3D-computer game 
specifically designed for use in adolescent psychotherapeutic interventions. The game implements a model of goal-
oriented, strength-based, solution-focused therapy in order to help 10–16-year olds overcome various mental, emotional 
and behavioural problems [48-49]. The same research team behind PI have recently developed gNat’s Island, a game 
designed to support face-to-face clinical CBT with young people aged 10–15 experiencing moderate to severe depres-
sion and anxiety [50].  

Also based on the principles of CBT, the recently developed Australian Reach Out! Central (ROC) program aims to 
teach life skills (e.g. communication, problem solving and optimistic thinking) to an young adult population  and en-
gage 16-24 year old males who have particularly low levels of help-seeking [51-52]. While SPARX  (an interactive New 
Zealand creation) aims to reduce depressive symptoms in adolescents via a fantasy game format [53]. 

Recently, work has commenced in designing and evaluating serious gaming and VR platforms for use in the medical 
field. These include PlayMancer [54-56], NeuroVR [57], PlayWrite [58] and ScriptEase [59]. ScriptEase is currently 
being used in the development of a serious game to treat chronic depression [60]. Similarly, a third person character-
based game is currently being developed for depression prevention/early intervention based on specific CBT interven-
tions including changing negative thought patterns into positive thought patterns and changing non-adaptive social 
skills [61]. 

The SHADOW program has some similarities with these previous games. It is designed to target younger adults, aged 
18-30, of both genders. A key differentiating factor for SHADOW is that it will target a population with comorbidity of 
depression and alcohol or other substance abuse. Like some of this previous work, the SHADOW game also builds upon 
a previously existing and empirically-tested psychological treatment program. This program, called SHADE, is de-
scribed in the next section. 

3 The SHADE Program 

SHADE is a clinician-assisted intervention program designed for the treatment of comorbid depression and alco-
hol/other drug use problems [6]. It is an Internet-delivered, evidence-based, psychological treatment that uses the prin-
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ciples of CBT, mindfulness meditation and motivation enhancement to target these conditions in an integrated way over 
a 10-week program. Participants using the SHADE Website complete their 10-session intervention from their home 
computer (or other preferred port of internet access). Each time a site user accesses the site and enters their login code, 
they have the option of continuing to work through the modules from the point at which they previously logged out of 
the program, or to start at a different point.  

The SHADE program contains interactive components, video demonstrations, voiceovers and in-session exercises. 
Written material is pitched at a maximum reading level of Year 8, minimizing the length of paragraphs. The ten SHADE 
sessions are completed on a once weekly basis in sequence, with participants asked to leave sufficient time in between 
sessions to digest and implement the strategies covered during the module. During the SHADE program, participants 
also receive a once weekly phone call at a pre-arranged time, limited to 10 minutes duration. This brief session includes 
a review of issues covered during the SHADE session for that week, prompting to complete the current SHADE session, 
the development of a plan progressing towards goals set during the session (including homework completion); and a 
brief suicide risk and mood assessment. Fig. 1 displays the session-by-session content of the SHADE program, high-
lighting the two key skills that have been incorporated into the SHADOW game, namely, managing negative (unhelpful) 
thoughts and mindfulness. 

 

 
Fig. 1. Session by session content of the SHADE program, highlighting the key skills related to mindfulness and negative thought 
management that have been incorporated into the SHADOW game. 

 

A major objective of CBT is to identify and challenge the unrealistic beliefs that maintain a person's problematic pat-
terns of thinking and behaviour [62]. Monitoring situations in which these thinking and behaviour patterns are most 
likely to occur is an important first step in this process. Following this, a person then can learn how to examine their 
mood and craving experiences more closely, with a view to developing alternative, more helpful ways of thinking and 
behaving. When people are feeling depressed, a negative, automatic bias often sets in, which results in a tendency to 
automatically think in a negative way about every situation without testing out alternative interpretations to these situa-
tions. These automatic thoughts tend to fall into the following categories: black/white thinking, jumping to negative 
conclusions, personalising, catastrophising, and should/oughts. The most effective way to circumvent this process is for 
the person to catch themselves in this automatic pattern of thinking, to recognise the thought for what it is, and to then 
substitute it with a more helpful or reasonable set of thoughts. 

Mindfulness is an important skill, particularly when learning how to cope with negative automatic thoughts that are 
associated with depression and drinking alcohol. The central idea of mindfulness is not to prevent these thoughts from 
occurring, rather to stop these thoughts from setting in and taking control when they are triggered [63]. Mindfulness is a 
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way of stepping out of this automatic thinking pattern (‘automatic pilot’), and teaches people to pay attention in a par-
ticular way to what is happening in the present moment and without judgement. By using mindfulness skills, a person 
can be taught to recognise when they are in ‘automatic pilot’, and to "check-in" with themselves to see whether 
thoughts or judgements might be related to depressive symptoms or problematic thoughts about drinking. 

4 The SHADOW Game 

SHADOW, the game, is designed to provide challenges that allow participants the opportunity to practice and devel-
op two key skills developed within the SHADE program. These key skills are mindfulness and the ability to monitor and 
manage negative thoughts and moods. This coincides with the key skills developed in the session-by-session SHADE 
program (Fig. 1). Focusing on these two skills a series of game mechanics where designed in order to represent the use 
of the skills in a simulated world. The skill practice is designed to supplement the skill development used within the 
SHADE program. 

The SHADOW game is a branching dialogue scenario in which the player responds to events that occur over the du-
ration of each scenario. Currently we are developing the first prototype with a single scenario. The design of the proto-
type is purposefully limited to allow for both rapid development and a focus on preparing key game mechanics for a 
proof of concept. The game is played from a detached, third person perspective with no identifying player character. 
The prototype scenario involves the participant traveling to a venue for a party, along the way they encounter a series of 
events, the first of which serves as an introductory tutorial to the game's event structure. Subsequent events in the game 
are randomly selected from a collection including phone calls, messages from friends, or passing areas of temptation 
such as a bottle shop. Each event consists of an introductory premise and dialogue, and a series of response options 
(Fig. 2). During the game, the participant must monitor and manage mood levels and negative thoughts via the use of a 
mindfulness mini-game (Fig. 3). 

 
 

 
Fig. 2. An example of an event that occurs in the game and some possible responses the player can choose from the dialogue screen. 
The choices presented may be limited based on their current mood level. Furthermore, the player’s choice will subsequently impact 
on their current mood level. Note the player can always decide to manage their mood by playing the mindfulness mini-game (bottom 
icon on the left of screen). The light bulb icon (top icon on left of screen) provides a player with access to a thought box that is regu-
larly updated with a serious of automatic thoughts relevant to the current situation. 
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Fig. 3. The mindfulness mini-game allows the player to categorise their thoughts into various categories such as black/white think-
ing, jumping to negative conclusions, personalising, catastrophising, and should/oughts. By managing their thoughts the player can 
improve their mood level in the game. 

 

  
Fig. 4. The player can monitor their current mood in the game by looking at the level of colour saturation in the game world. A grey, 
colourless world indicates a low mood while a relatively brighter and more colourful world indicates a good mood level. 
 

The goal of the SHADOW game is to successfully complete the scenario while maintaining a consistent mood level. 
The player can monitor their current mood level using the colour saturation of the game graphics (Figure 4). A grey, 
colourless world indicates a low mood while a relatively bright and colourful world indicates an appropriate mood lev-
el. Completion of the scenario hinges on the participant's ability to make appropriate choices and manage mood and 
negative thoughts. If mood levels reach a critical point, an end game event is triggered, resulting in the participant not 
completing the scenario.  

The dialogue option's (Figure 2) availability is also influenced by current mood, each of which has descriptive con-
sequences that affect the game’s mood level and impacts upon later events. The mindfulness mini-game is the game 
mechanic through which the player manages their mood; by firstly identifying that the game mood is in a hazardous 
state (too low or high), the player can choose to enter mindfulness mode at any point. Mindfulness mode (Figure 3) 
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presents the player with the collection of automatic thoughts, having been generated throughout the game, with the pur-
pose of categorising and thus dealing with each thought. The correct categorisation and thus removal of thoughts reverts 
the mood level to a neutral state, allowing the player to modify available dialogue choices and successfully complete the 
game scenario. 

The visual design of the game is based on simple line illustration with splashes of watercolour paint. This visual style 
allowed for the modification of colour in the game world to signify changes in mood (Figure 4). As one of the many 
visual indicators that were considered in the game design, utilising colour saturation in the game world to represent 
mood changes allowed for a more subtle impact upon the game. Along with the event response options, the mindfulness 
mini-game provides the player with a practical and risk-free environment in which to practice skills used throughout the 
SHADE program. 

The key differences between the SHADE program and the SHADOW game are both in their presentation and how 
players engage in the program. SHADE is delivered as a progressive series of courses. This structured approach builds 
upon skill-sets each week. By contrast SHADOW provides an explorative environment in which the application of such 
skills influence the mechanics of the game world. The player’s choices as well as their current mood level directly im-
pact on the situations and choices experienced by the player. SHADOW is built around short sequences, each a self-
contained exercise in mood awareness and management within different scenarios, themselves a randomly generated 
series of events with overarching themes pertaining to alcohol use and depression. 

5 Conclusion 

We have developed a prototype game called SHADOW that is designed to assist younger people with comorbid 
depression and alcohol or drug issues. We introduced a previous online program called SHADE that has previously proved 
successful in treating this condition when participants engage in the program sufficiently to complete it. We also discussed the 
design features of SHADOW, a game version of the SHADE program that is being designed to better engage participants so they 
complete this psychological counselling program. 

The next phase of the project involves testing the game mechanics and aims to identify how the game engages program 
participants and whether such engagement leads to an improvement in personal management skills. The effectiveness of 
the game will be compared against both the SHADE program and the SHADE program in conjunction with SHADOW 
within the context of a clinical trial. After this testing phase, further refinement of mechanics and the development of 
content will be undertaken to provide a larger pool of scenarios that allow participants a new experience each play 
through. Ideally, given expansion of content, SHADOW could operate independently from the SHADE program, stand-
ing on its own as an online treatment option. 
 

Acknowledgements. Special thanks to Danielle Carbury who developed the illustrations for the game. 
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Abstract. In our research we advocate using game based scenarios for Robot Assisted Language Learning (RALL). 
We present two case studies that utilized such a methodology and also analyzed what constructs would have a peda-
gogical benefit. The constructs included various attributes such as, type of robot, location of learning, role of robot, 
role of teacher, etc. Our results showed that close linkages with existing curriculum reaped benefits and running 
RALL for small groups of children is the ideal case. We also reflect on how using game based scenarios for RALL 
resulted in higher motivation for the students. 
 
Keywords: Human Robot Interaction, Robot Assisted Language Learning, Educational robots, Games 

1 Introduction 

With advances in digital media, technology is now a well-accepted and integral part of education in primary schools, 
high schools and universities [1]. There has been research conducted which shows the use of technology has pedagogi-
cal value over conventional means of teaching and it provides a rich and engaging learning experience for the students. 
The integration of technology in education has been diverse in nature ranging from tablets, smart artifacts, mobile 
phones, novel web based platforms and last but not the least robots. 
 
The incorporation of robots in different levels of education has been discussed in great detail. In addition, work in the 
area has also contemplated how robots are primarily used in two broad subject areas: technical education (such as robot-
ics and computer science) and non-technical education (such as languages). Robots provide a social and physical em-
bodiment to the concept of teaching and provide rich benefits especially in language instruction. The advantages of 
using robots in language instruction, also known as robot assisted language learning (RALL) have been greatly dis-
cussed in [2]. They include aspects such as the robot can repeat verbal behavior without getting tired (unlike a human 
instructor), remote instruction is possible and students may not be shy to talk to robots in a non-native language as they 
might be if the instructor was a human. Other key advantages of RALL over online or conventional language learning 
include that the robot can essentially include “play” as part of the learning activity without the students getting distract-
ed and technology such as RFID tags can be used to monitor the development of each student. 
 
There has been considerable progress in the area of RALL and research has mostly focused on using robots to teach 
English as a second language. In the work of [3], where children interacted with the Robovie robot it was shown that 
over a period of two weeks, the post-test scores improved. Similarly, in [4] it was shown that the English listening skills 
of children significantly increased.  
 
Although RALL utilized as part of the curriculum has shown to reap rewards w.r.t pedagogical outcomes however em-
ploying RALL in a gaming scenario could potentially be even more beneficial. The use of games for language instruc-
tion is not uncommon and has shown to be an efficient methodology to train students in a non-native language [5, 6]. 
Learning a second language is by no means an easy task especially if students are constrained in a typical classroom 
setting [7] where they might feel bored and reluctant to speak in a foreign language especially when there are no tangi-
ble outcomes of their verbal articulations. Therefore integrating the language learning process as part of a game based 
scenario may overcome some of the afore-mentioned hurdles in language acquisition.  
 
RALL by itself also faces various challenges, some of which we aim to reflect on in this paper. A robot tutor is after all 
a tutor and hence prone to a feeling of saturation from the students, unless there is renewed excitement or challenge. 
The novelty effect has been reported in [3], where the process flowed from excitement to stable interaction to saturation 
while learning English with the Robovie robot. RALL also relies on efficient speech recognition [8], as errors in recog-
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nition could seemingly disrupt the learning process of the students. However if the conversations between students and 
robots occur as game based interaction, the errors in recognition could potentially be integrated as part of the game 
(rules). RALL through gaming scenarios could consequently be the most appropriate RALL technique. Recent work in 
RALL using gaming scenarios has been limited with studies primarily focused on virtual avatars [9] and not physical 
embodied robots.  
 
In general there is considerable research describing the benefits of RALL however several open questions remain re-
garding what environmental variables support the learning activity in a more efficient manner [10]. For example, should 
the learning take place inside the classroom and should it be linked to curriculum that is already in place? What role 
should the teacher have? Should the activity be setup as a game? What role should the robot have (as a tutor, tool or 
peer)? These were some of the questions that we aimed to answer via our research on RALL using game based interac-
tions. 
 
Therefore the goal of this paper is to advocate RALL through games, as it is a generally untapped area within RALL 
and present our reflections on the basis of two slightly distinct RALL case studies where both used game based interac-
tions. In addition we aim to reflect what attributes or settings are more appropriate for RALL activities. Both case stud-
ies involved teaching children a new language ROILA, which is an artificial language designed to improve human robot 
communication [11]. We will now delve into each study across various factors, discuss the subjective feedback attained 
from the students and in conclusion, reflect on what could be the lessons learnt for other researchers in RALL. 

2 Research Methodology 

Case Study 1 employed the use of the iCat robot (robot that looks like a cat), was conducted in an out of class setting 
(extra curricular) and with 24 children of the ages 10-12 years old. Case Study 2 revolved around the use of LEGO 
Mindstorm robots in a formal setting (i.e. in the classroom) and with 24 children between the ages 12-14. Both case 
studies focused on learning the artificial language ROILA with the help of a certain robot in a gaming scenario. The 
case studies were setup in such a manner that we manipulated certain constructs within the language curriculum so that 
we could ascertain what aspects are better for RALL using games. We will now briefly enlist some of the constructs. 
The constructs are borrowed in part from research on educational robots [12-14], where they are presented as important 
dissecting criteria on the field of robots in education. In order to be able to compare the two case studies we employed 
different attributes of the constructs within each case study. The constructs and their attributes are briefly summarized 
below. 

 
Type of Robot. The two robots that we employed were distinct, one (iCat) being more anthropomorphic than the other 
(LEGO Mindstorms). The iCat has a cat like embodiment, whereas LEGO Mindstorms is built using LEGO Technic 
and can take on different representations (see Figure 1). 

  
Fig. 1. iCat (left) and Mindstorms (right) 

Location of the learning. As stated prior, Case Study 1 was conducted outside the curriculum and outside normal tu-
toring rooms, while Case Study 2 was executed as an integral part of the curriculum and in the normal classrooms. 
 
Teacher Participation. Primarily with Case Study 1 being extra curricular in nature, it did not involve any teacher 
participation, where in Case Study 2 the teacher was at hand to mentor the students during their interaction with the 
robots. 
 
Close linkage with the curriculum. The scenarios in Case Study 1 did not tie back to any of the existing curriculum of 
the students whereas Case Study 2 was conducted within the Science class. 
 
Role of the robot. In case study 1, the role of the robot was of a peer, i.e. the robot would participate as a co-learner 
and help the children in verbal articulations by discussing the choices the children could take in the game. Whereas in 
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case study 2 the role of the robot was more of a tool in the language learning process as what the children would say 
would effect the robot’s spatial state. 
 
Collaboration in the learning activity. In case study 1, the children would interact with the iCat robot individually, 
whereas in case study 2, interaction with the Mindstorms robot was within several groups of 2-3 students each who 
were all present in the classroom at the same time. 

3 Setup 

We will now briefly describe how the two case studies were setup. Both studies involved around the aim of teaching 
students ROILA, an artificial language designed for talking to robots and optimized for speech recognition.  
 
The Curriculum. Due to limited curriculum time available obviously only a subset of the language was provided to the 
children to learn. For both case studies the allocated vocabulary amounted to about 30 words. Students were also taught 
phrases that could be made up from these words. The phrases were relevant to the interaction scenario followed in the 
games. 
 
In Case Study 1, all training material was discussed with the children outside normal curriculum hours and with the help 
of online and paper based material. They were then allowed one week to practice the material after which they returned 
to further substantiate their learning by interacting with the iCat robot in gaming scenarios, over a 30-minute session. 
Since we only had one iCat robot at our disposal, children could only participate in the practical sessions individually.  
 
Case Study 2 was conducted within the Science class of children, where they were taught about Robotics using ROILA 
and the Mindstorm robots. The activity was spread over 2 lectures of 2 hours each, where the first lecture was about 
learning the theoretical aspects of ROILA and the second lecture was bringing the theory into practice by actually using 
ROILA to talk to Mindstorm robots.  The theory discussed in Case Study 2 was identical to the learning material pro-
vided to the children in Case Study 1. We had about 10 Mindstorm robots customized to use in the lecture and each 
robot was given to a group of 2-3 children. The science teacher was available in the classroom and along with the re-
searchers would assist the children with any questions or queries that they had. 
 
Setup of the learning activity – game design. For both case studies, practical learning of the ROILA language in the 
practical sessions took place within gaming scenarios – for case study 1 after a week in a separate session and for case 
study 1 in a second lecture. The students were requested to play a certain game with the robot in both ROILA and Eng-
lish so that we could compare how the children perceived talking to the robots in both languages. Each student would 
then first play the game in either ROILA or English followed by playing the game in the other language. All students 
had sufficient knowledge of the English language and studied English as a separate subject in their curriculum. 
  
1) Game employed in Case Study 1 
The game was a simple word matching game in which the children had to match a given word with another word from a 
set of words based on some logical reasoning (see Figure 2). We anticipated that such a game would encourage the 
children to be much more verbally involved with the iCat as they would have to discuss the rationale of their choices 
with the robot (see Figure 3). The iCat was programmed to assist the children in reaching the correct answer by con-
versing with the children in either ROILA or English. Therefore the iCat was playing the role of a peer in the language 
learning activity. 
 
2) Game employed in Case Study 2 
The game in Case Study 2 was designed around navigation and reaching spatial targets in a certain sequence. The chil-
dren were required to give navigation commands to the Mindstorms robot so that the robot could reach certain colored 
targets, sense the color of those targets and then shoot balls in corresponding colored goals (see Figure 2). The robot 
would give instructions to the children in either ROILA or English (depending on the game type), for e.g. which colored 
target to approach, etc. Therefore the robot was playing the role of a tool in the language learning activity. 
 
Technical Setup. For both robots iCat and Mindstorms there was no speech recognition processed on the robot, speech 
processing actually took place on an external laptop (using the Sphinx recognition system [15]), which communicated 
with each of the robots wirelessly or over the network. The children would talk to the robots using a microphone con-
nected to the laptop with the recognition results being sent to the robots using the network connection. The robots 
would then respond with behavior based on a simple dialog management system. The robots had the ability to talk back 
in ROILA or English using the Festival [16] text to speech engine.  
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Fig. 2. Snapshots of the game scenarios in Case Study 1 (left) and Case Study 2 (right) 

 

Fig. 3. One of the children interacting with the iCat robot 

Measurements. Due to the research being of fairly explorative and non-longitudinal in nature we recorded subjective 
feedback from children via the SASSI questionnaire [17] on a 5 point Likert scale. The SASSI questionnaire is com-
monly used in the evaluation of speech based interfaces. It comprises of 6 factors: system response accuracy, likeability, 
cognitive demand, annoyance, habitability and speed. Our aim in utilizing the SASSI questionnaire was to elicit subjec-
tive feedback from the children with respect to how they perceived talking to the robots in both English and ROILA. 
During the practical sessions of the curriculum, once the student had finished playing one round of the game in a partic-
ular language, we would request them to fill the SASSI questionnaire before moving on to the next game in the second 
language. 

4 Results 

Case Study 1. For the factors from the SASSI questionnaire we achieved Cronbach alphas of 0.7<alpha<0.8, which 
gives us sufficient reliability in the SASSI questionnaire. The type of language (ROILA or English) did not have an 
effect on any of the factors (p > 0.05) according to the results from the repeated measures ANOVA. On average the 
students ranked English as the more preferred (Likeability for English = 3.31 and for ROILA = 3.00) but as stated prior 
this difference was not significant.  
 
Case Study 2. We conducted a reliability analysis of the SASSI factors and achieved a sufficient benchmark of al-
pha>0.7 for all factors. To determine if the language type was having an effect on the subjective SASSI ratings of the 
children a repeated measure ANOVA was conducted. The within factor was language (English or ROILA) and the 
measurements were the six factors from the SASSI questionnaire. ROILA was evaluated as better on all six factors of 
the SASSI questionnaire. Three factors, namely System Response Accuracy, Annoyance and Speed were all significant 
in favor of ROILA (p<0.05). Likeability was touching significance. 
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5 Discussion and Conclusion 

The results from the SASSI questionnaire allowed us to interpret the language interaction experience of the students 
across the two case studies and extrapolating that to their language learning experience. Our results showed that Case 
Study 2 achieved much more positive feedback from the children. We can now speculate why this may have happened. 
In Case Study 2 students may have been more proficient in learning ROILA and/or enjoyed the learning activities, 
which translated to them ranking ROILA better than English on the SASSI questionnaire. 
 
The perception of embodiment of the robot was an interesting variable and the iCat did not generate a positive interac-
tion experience, even though it is more anthropomorphic than the Mindstorms and can exhibit facial expressions. Prior 
research has advocated anthropomorphic behavior to be integral to RALL [2]. We can attribute this anomaly to the 
structure of the learning activity. In case study 2, the verbal articulations of the students had a direct influence on the 
Mindstorms robot, therefore we can hypothesize that the role of a tool for a robot might be better than the role of a peer, 
especially when it comes to language learning. As one student from Case Study 2 pertinently said: “The robot under-
stands me so well and moves when I talk to it in ROILA”. 
 
Our findings also show that RALL is best suited to be run within an existing curriculum in the form of a close associa-
tion between the new and existing curriculum as in Case Study 2. This allows students to make analogies and linkages 
and this would also support the theory of constructivism [18] by Seymour Papert, which states that learnt knowledge is 
shaped by what learners know and experience. However one of the disadvantages of RALL in a big classroom is that 
speech recognition can become erroneous due to ambient sound. Typically, in RALL one student is given the floor and 
allowed to interact with the robot while the other students act as audience [19]. Although this may increase the recogni-
tion accuracy, it may lead the students to be reluctant to talk confidently in a novel language, as they become the focus 
of attention. Perhaps the most suitable approach for RALL would be to run small groups of students typically isolated 
from each other (not a class of 25 and not a single student as in our case studies). Having small groups of students 
working together in a learning activity has shown to have pedagogical value [20] and has also been advocated in re-
search on educational robotics [21]. 
 
Having the teacher in the vicinity of the students led them to be more engaged in the learning process. We noticed that 
in Case Study 2, on several occasions the students would discuss their findings and results with their teacher, as one 
student exclaimed: “Hey Miss! (referring to the teacher), the robot just scored a goal!”. In summary, similar to results 
reported in [20], we found that it was beneficial to involve teachers in the learning activity, even if as a facilitator, a 
common approach when robots are used in education [22]. 
 
As a reflection, it is worthy to mention certain limitations of our research. As advocated earlier, since our research was 
fairly explorative in nature we only accounted for subjective feedback (via the SASSI questionnaire and interviews) 
from children. Since both case studies lasted for only 2 weeks, the belief within the research team was that measuring 
objective measures such as speech recognition accuracy might not be a valid instrument in a real setting (a classroom 
with the teachers involved), i.e. can we truly measure pedagogical value of a completely novel subject domain over 
sessions lasting for a couple of hours. Therefore we concluded that initially measuring and recording subjective feed-
back might be the way to go. However, in our future research we aim to execute controlled and longitudinal experi-
ments that utilize recognition accuracy as a dependent variable and therefore inform us which independent variables 
contribute towards pedagogical value. 
 
In general all students enjoyed the practical part of the lessons the most, i.e. when they could talk to and play with the 
robots in as they called it “the funny secret language” (ROILA). Hardly any student complained about feeling bored (as 
a matter of fact many expressed to be highly motivated) at the time of learning ROILA and our approach of RALL us-
ing game based scenarios was positively received. Several students appreciated and enjoyed this relatively new style of 
learning using a game based approach and stated that this was something that they had not encountered before in their 
language learning classes. We also observed many students comparing game scores and game results with each other 
and using that to claim language proficiency over their friends and peers.  
 
Our results show that the approach of using games for RALL was in general successful. We have also presented rec-
ommendations on how RALL activities should be setup to ensure maximum pedagogical benefit. In our future research 
we aim to ground our findings by conducting longitudinal research in controlled settings. 
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Abstract. In E-learning environment, the learner felt a need for the annotation tools to annotate knowl-
edge and information manipulated in digital form. These tools help this learner to effectively achieve his
various activities. The existing annotation systems are necessarily based on annotation models to con-
ceptualize its properties in a formal way to be exploited by computer systems. Several models have been
proposed in the literature in different contexts. However, these models suffer from an under exploitation
of the annotation’s semantic. They consider this annotation only as a simple track of reading made by the
learner to memorize or share notes. In this article, we try to better exploit the semantic of annotations by
proposing a new approach which presents the learner’s annotative activity as a potential source of Web
service invocation. This approach gives rise to a new annotation system rich en features in its architecture
which seeks to provide learner with the relevant Web service to meet his annotation’s goal.

Keywords: E-learning, Learner, Annotative activity, Annotation system, Web service

1 Introduction

Usually, the learner mobilizes varied data to realize his different activities in E-learning domain. Therefore, this
learner is a member of the category of ”knowledge worker” [9] who needs to be assisted by computing tools
to better manage his personal knowledge needed to carry out his activities. The need for these tools in web
pages becomes more and more claimed and felt, because information is often manipulated and exchanged in
electronic format [15]. Among these tools, we are interested in our research works in the annotation systems
existing in the Web. These annotation tools are widely used in E-learning platforms because annotation practice
is omnipresent. During his reading, the learner always uses comments, highlight, post-it etc.., to annotate the
reading resources in his learning session [16].

Indeed, many systems have been developed to annotate digital documents, often adapted to specific appli-
cation domains and for particular uses of documents [6,8]. By leveraging the capabilities of storage, commu-
nications and information processing computers, these annotation systems handles electronic annotations and
propose new services with regard to the annotation’s paper: multimedia comments, sharing annotations, thread
of discussion, search information, etc... [15]. The annotation tools are necessarily based on annotation models
to conceptualize its properties in a formal way to be exploited by computer systems. Several models have been
proposed in the literature in different contexts. However, these models suffer from an under exploitation of the
annotation’s semantic. They consider this annotation only as a simple track of reading made by the learner
to memorize or share an understanding or a remark on a read passage. The annotative activity is superficially
processed and analyzed by most of the researchers who develop annotation systems. While the annotation is
semantically richer than that is presented by these works there.

In this article, we want to propose a new approach of assistance of learner’s annotative activity through Web
services. Therefore, we consider the annotation not only as a means of memorization of the learner reactions
in the reading process but also as a potential source of web services invocation that can assist the learner
and help him to achieve his goals in any reading domain on the Web [13]. This approach is based on a new
annotation’s conceptual model rich in semantic properties allowing to accommodate the new approach. Based
on this conceptual model, we develop a prototype of annotation system in form of plugin to enhance the new
features offered by the proposed approach.

This article is organized as follows: Section 2 presents literature review that inspired our work, including
a study of models and systems of annotation on the Web . Section 3 presents our approach that includes a
conceptual model of the annotative activity and architecture of our annotation system. In section 4 , we try to
propose a running example of learner’s annotative activity to better explain our contribution. Finally, section 5
concludes this atricle and presents future work.
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2 State of the art: Annotation models and annotation systems on the Web

2.1 Annotation systems on the Web

The annotation systems have been developed since 1989 to transpose on electronic document the annotation
practice. Then, these systems gradually took advantage of processing capacities and communication of the mod-
ern computers to enrich the electronic annotation practice. Several researchers and companies were interested
in the creation of annotation systems to facilitate the process of adding notes on digital documents. We can
find many commercial software and research prototypes created to annotate documents available on the Web.
We identified through our study of the state of the art dozens of annotation tools developed by:

– Scientific research universities: we quote, for example ComMentor [21] from Stanford university, Mem-
oNote [3] from Joseph Fourier university, TafAnnote [6] from Toulouse university, CritLink [14] from Uni-
versity of Water-loo Canada, and Yawas [7] from University of Savoie France...

– Commercial companies: such as iMarkup [10] developed by iMarkup Solution company, XLibris [18]
offered by Microsoft Corporation company, and Adobe reader annotation [1] proposed by Adobe Systems
company...

– Organizations of research and development : we quote, for example Amaya [20] and Annotea [11]
offered by the World Wide Web Consortium, Annotation System for Semantic Web [2] developed by the
National Centre for Software Technology...

Figure 1 shows a collection of some annotation systems developed in different contexts among all tools studied
in the art’s state.

Fig. 1. Examples of annotation system on the Web

Each annotative activity realized by a learner using an annotation system passes through two complementary
processes: choose the anchor and the shape of the annotation in a given document (process 1 ) and specify the
properties of the annotation (process 2 ). Based on these two processes, we can classify the existing annotation
systems into three categories:

v Manual annotation system : each of the two previously mentioned processes is manually executed by the
user himself. The creation process is completely chargeable to the annotator, who selects the shape and the
anchor of the annotation and then specifies properties to give to this note. This type of annotation system
tries to simply reproduce the annotation process on paper towards computer. Consequently, when it is a
question of annotating a wide collection of digital documents, the annotative activity becomes heavy for the
annotator. Mosaic [5] and ComMentor [21] are examples of manual annotation system.

v Semi-automatic annotation system : in this type the first process is performed by the annotator while
the second process is executed by the annotation tool. The annotator begins to annotate manually. Mean-
while the tool textually analyzes his annotations and generates rules of annotation. Then, the tool uses these
rules to deduct passages potentially annotables and create candidate annotations. The user can then validate
or not the annotations proposed by the tool. The system uses these validations to correct its rules. From
a certain level of improvement, the semi-automatic annotation system can continue the annotation process
alone. This type of annotation system is used especially in the context of the Semantic Web. Indeed, the
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semantic annotation of Web resources is painful and heavy if it is a question of annotating a large number
of resources. Therefore, various tools are proposed to overcome this problem and assist the annotator in the
annotation process. A.nnotate [4], TafAnnote [6], Dinosys [8], iAnnotate [19] and Amaya [20] are examples
of semi-automatic annotation system.

v Automatic annotation system : the automatic annotation means that the both processes are executed
by the annotation system. Thus, according to certain criteria (given by the user or retrieved from another
computer system) the annotation tool selects itself the anchor and the shape of the annotation and then
specify its relevant properties. One of the most popular automatic annotation system is the search bar which
is an extension of Web browsers that can allows to highlight with different colors the keywords typed by
the user.

In the context of our research, the semi-automatic annotative activity appears the most appropriate with our
approach to invoke web services from the learner’s annotative activity. This is justified by the need for a learning
phase made by the annotation system to learn the annotative habits of the learner. Afterward the system can
automatically infer the semantic of the annotation made by the user, then based on this semantic, it seeks and
invokes the appropriate Web service to meet the annotation goal.

2.2 Annotation models

The annotation systems studied above are necessarily based on annotation models to conceptualize its properties
in a formal way to be exploited by computer systems. Several models have been proposed in the literature. In the
context of research conducted in the World Wide Web Consortium to develop a standard model of annotation,
Khan [11] proposed Annotea. This model describes the annotation as an object with properties: title, type,
annotates which means the relationship between the annotation and the annotated resource, body, context,
creator, created which means the date of annotation creation, date which means the date of modification of the
annotation , and related which means the relationship between the annotation and the annotated resource. In
the frame of Microsoft Academic Search, Marshall tried to develop a device of annotation XLibris based on a
model formed of two dimensions. Thus, the annotation has two aspects: shape (text, symbols, and marginal
notes) and goal (future attention, reminder, resolution of problem, interpretation, and fortuitous reflection).
Tazi [22] inspired from the theory of language act and applied it to the representation of the annotation. He
proposed to formalize the annotation as a couple commitment-context, such as the commitment is a quadruplet
(annotative act, used means, goal, annotative reason) and the context is n-uplet (annotator, annotation reader,
annotated document, annotator role, date, and annotation session). The advantage of this model compared to
others is to have identified that the annotation has a subsequent effect or immediate that is directly on the
document (change in structure, for example) or outside the document (a scheduled action). Another annotation
model presented to develop the annotation tool MemoNote by the Joseph Fourier university. Therefore, Azouaou
[3] described the annotation through three facets: cognitive facet (shape, anchor), personal facet (annotator,
date, and place), and semantic facet (annotation goal, domain goal, and learning goal).

We hold from this study of different annotation models, the importance of the property of annotation goal.
Its identification allows to find the semantic of the annotation desired by the annotator. Several researchers [3,
6, 11, 16, 22] have studied this goal and tried to identify its potential values. These studies have led to different
results because they were made in different contexts. These various models agree on some basic properties such
as the shape, anchor, author, date and goal of the annotation. This difference in the structure depends on
the purpose for which these models were designed. But these models suffer from an under exploitation of the
annotation’s semantic. They consider the latter only as a simple track of reading made by the user to memorize
or share an understanding or a remark on a read passage. While the annotation is semantically richer than that
is presented by these works there.

Also, the annotation system which we propose allows to look for and to invoke web services from the learner’s
annotative activity. Indeed, this system should be based on a model of the annotation reflects the three aspects
(physical, semantic and contextual) of the annotation necessary for our approach. However, the existing models
of annotation [3, 6, 11, 16] can not represent these three aspects of the annotation at the same time. They are
not therefore suitable for our proposed annotation system. So, any model of the state of the art is dedicated to
accommodate our approach consisting in presenting the annotative activity of the learner as means to invoke
appropriate Web services.

3 Our approach: Assistance of Learner’s Annotative Activity by Web Services

3.1 Annotation conceptual model

The models of the annotation which exist in the literature are not adapted to our approach of invocation of
Web services from the learner’s annotative activity, and do not reflect its peculiarities. To propose a model of
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annotation for our approach, we inspired from model of Azouaou [3], Tazi [22] and work of Mazhoud [17] by trying
to modify them to be adapted to our needs. Thus, the conceptualization of the annotation can be formalized
through the following model presented in figure 2. The proposed model is based on formalize established by
three aspects [13]. The first is the physical aspect which represents the physical dimension of the annotation
composed of the shape and the anchor of the annotation. It describes the annotated and the annotating content.
The second is the semantic aspect that allows to formally explain the semantic of the annotation. It is used to
interpret the meaning of the annotation by software agents. This aspect is composed of the reading domain,
reading goal, annotative act, annotation goal, the services communities and finally the annotation effect. The
third is the contextual aspect which consists of the set of attributes that describe the current annotation session
of the learner. It contains the annotator, the date, the place and the device of the annotation.

Fig. 2. Annotation conceptual model

We detail the semantic annotation, because this aspect plays a key role in the proposed approach of assistance
of learner’s annotative activity through the invocation of the relevant Web services according to the annotation’s
goal.
Reading domain: represents the domain in which the user reads and annotates a document. Reading in which
joins this article is qualified as active reading by opposition to the passive reading. The reading activity is
transverse in various application domains.
Reading goal: presents the goal of reading document. The definition of this goal by the user during a reading
activity is a natural way of organizing interests that motivate the user [17].
Annotative act: presents the action to annotate. It is the process that involves the choice of an annotation
shape according to a well determined goal and to apply it to the annotated passage [17].
Annotation goal: represents the object implicitly expressed by the annotator by chosen this annotation to
annotate the reading passage. This goal hides a need for means to meet this object expressed by the learner.
Service communities: collects a set of services offering the same activity (feature). Every community is
described by a name and an objective which represents the feature proposed by this community of services.
Thus, for each annotation goal corresponding one or several service community that can meet this goal.
Effect: is the result of Web service called from this annotation.

The process of search and invocation of Web services satisfying an annotation goal requires a learning phase
from the annotation system to automate this process during the later annotation sessions of the annotator.
So, to automate, on one hand the annotative activity of the annotator and on the other hand the process
of deduction of the appropriate Web service to answer the annotation goal, we propose to use a pattern of
annotation [12]. The proposed pattern allows to deduct the annotation goal from its shape and then based on
this object the system interprets the appropriate Web service which assists the user to achieve the goal of the
annotation. The pattern refers to some properties presented in the annotation model previously established.
Indeed, An annotation pattern represents a conceptual solution to a problem related to the annotative activity.
A conceptual solution often precedes the implementation phase. The annotation pattern proposes a solution
(the semantic of the annotation) to a problem (find this semantic for a given annotation shape in a given
context).Our annotation pattern is composed of four elements:
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(1). Pattern name: the name of the pattern must be significant. It should express the semantic of the
annotation produced by the annotator.

(2). Problem: describes the problem to be solved by our annotation pattern. It represents the choice of
shape and anchor of the annotation.

(3). Context: the context in our case is a set of information that characterizes the annotation session of
the annotator. This information allows us to infer the semantic of the annotation.

(4). Solution: it is to find some attributes of the semantic aspect of the annotation such as the annotation
goal and the service communities.

3.2 The proposed annotation system

The proposed annotation system is a consumer of Web service that sends a search query for service to a directory
in order to achieve a goal of annotation made by a learner during his reading activity. Based on the keywords
expressed in the query, the directory returns to the annotation system a list of Web services that can meet
the annotation goal. Finally, the annotation tool chooses the first Web service classified in the list returned
on behalf of the directory, and invokes the service by means of messages SOAP exchanged with the service
provider. Figure 3 describes the three actors involved in the process of search and invocation of Web services,
as well as the features offered by each of them.

Fig. 3. Architecture of the proposed annotation system

The study of annotation systems in the state of the art identifies the different features shared by annotation
tools. Except for these features, we try to offer new services in our proposed system designed primarily to
interpret the annotation goal implicitly expressed by the annotator. Thereafter the annotation system seeks to
find an appropriate Web service that can satisfy the interpreted goal. Finally the selected service will be invoked
to answer the annotation tools request. The annotator represents the user of the annotation system. Thus, we
focus on the features and services offered by the proposed annotation tool.

These functions allow the annotator to create annotations manually or semi-automatically by using anno-
tation pattern. In the case of manual annotation, the learner specifies itself the values of each attributes of
the annotation (physical, semantic and contextual). In the case of semi-automatic annotation, the annotator
creates a pattern annotation specifying the shape and the anchor. The properties of the context of the pattern
are predefined by the annotation system according to the context of learners session. Based on this information,
the system interprets the properties of the semantic aspect of the annotation. The learner can so manage these
annotations by modifying or deleting them. He can also manage his patrons by deleting or modifying them.
Finally, the annotations made by the learner can be viewed again during the consultation of the annotated
document later, or searched using multiple criteria or share among groups.

All of these features offered by our proposed annotation system are represented in figure 4 with UML
notation.
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Fig. 4. Features of annotation system

The proposed annotation system is in the form of a plugin based on the Mozilla Firefox Web browser. It
provides the user with four categories of functions (authentification, annotation shape, annotation pattern, and
annotation search). Figure 5 describes these functions.

Fig. 5. The proposed annotation plugin

4 Implementation: example of learner’s annotative activity

To test our proposed new annotation system, we present a scenario in which a learner in e-Learning domain
consults an English course. The learner is led by our annotation system allowing him to annotate the read
resource. The reading goal of the learner is to understand this consulted course. The learner begins to annotate
in his reading session. The first made annotation consists in to translate the following proverb ”a friend in need
is a friend indeed” (see figure 6).

Fig. 6. Creation of annotation with the proposed tool
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At this stadium, the annotation system consults the annotation ontology and interprets the goal of this
annotation. It offers to the learner the choice to invoke an online translator presented as a means to meet the
goal of this annotation. If the learner confirms this choice a search query of Web services, to satisfy this goal,
will be built and sent to a directory.

The search of the Web service to achieve the annotation goal is done by keyword. So the annotation system
specifies at the search query, the keyword ”translator” which is the name of the desired Web service. The search
result of Web service satisfying the annotation goal ”translator” is returned as a list of two Web services :
Translator-EnFr; Translator-EnAr (see figure 7).

Fig. 7. The search result containing a list of two Web services

Finally, the annotation system must choose itself the most relevant Web service to the learner. So in that
case appears the need to the personal information of the user helping the annotation system to choose the
target language of the translation (French or Arabic). The information such as the native language of the
annotator seems decisive to choose well. This information can be extracted from the annotation ontology via
the class ”annotator / Native language”. So if the native language of user is French, then the Web service 1 (
Translator-EnFr) will be selected by our annotation system. Thereafter, during the invocation of the Web service
selected in the previous stage, the annotation system must automatically supply the passage to be translated
without recourse to the learner. This information can be extracted from the annotation ontology via the class
”Annotated content”.

SOAP messages exchanged between the annotation system and the provider are displayed in figure 8 .One
of the messages contains the sent query for the invocation on behalf of the annotation system, while the other
one presents the answer of the provider containing the execution of the sent request.

Fig. 8. SOAP messages exchanged between the annotation system and the provider
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5 Conclusion

In this article, we presented a new approach which considers the learner’s annotative activity as a potential
source of Web service invocation. We began with a study of conceptual models and annotation systems on the
Web. We have seen how these existing models suffer from an under exploitation of annotation’s semantic. To
overcome this problem, we proposed a new conceptual model for annotation rich in semantic properties allowing
to accommodate the new approach of assistance of learner’s annotative activity through Web services. Based
on this model, we tried to develop a prototype of an annotation system. We described the architecture and
features of the new proposed tool. Finally , we presented a running example of the use of this new annotation
system by the learner in his learning activities.

In future work, we will try to implant our proposed annotation system into E-learning platform called
”Moodle” in order to propose an assistance to the learner during his session of reading and annotation of
consulted documents. In addition we will try to dive deeper into the semantic of annotation in order to acquire
to the latter other dimensions and perspectives helping for example to personalize the already invoked Web
services using an annotative profile constructed from the annotative habits of the learner.
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Abstract. This paper describes the visions and on-going project within creating interactive devices and cloud tech-

nology support for new media exhibition in the National Palace Museum (NPM).  “Rebuilding the Tong-an Ships” is 

a special exhibition designed by NPM.  This exhibition not only bases on the comprehensive research on the artifacts 

but also features many tech-savvy approaches including: documentary film, 3D modeling, and physical modeling.  It 

further combines the on-site gallery display with an off-site interactive digital art form to reinterpret the rise and fall 

of Tong-an ships in Chinese maritime history, allowing audiences to experience the impact that digital technology 

can bring.  We presented a case study for interactive devices and new media exhibition at NPM in hopes of inspiring 

and benefiting museum managers and researchers at all levels. 

 

Keywords: cloud computing, new media, exhibition, Museum, Tong-an Ships 

1 Introduction 

Limitations in physical space prevent museums from exhibiting much of their extensive collections. At times, mu-

seum goers have to endure crowds and the insufficiency of exhibition descriptions leads to excessive noise caused by 

communication between curators and visitors. Conventional museums display collection pieces in their original appear-

ance and size; however, in a static exhibition, it is difficult for visitors to examine the pieces for long periods of time or 

peruse them in detail. With a lack of interaction and exchange, visitors find it difficult to immerse themselves within the 

context of the exhibition. In addition, the fragility of collection pieces prevents them from being exhibited on a long-

term basis, resulting in the need for frequent changes in the exhibited items. Nonetheless, many of these issues can be 

resolved using recent developments in information and communication technologies (ICT). The use of innovative me-

thods that combine technology and art enable curators to transform exhibition themes into attractions that stimulate all 

of the senses and expand the museum experience. 

Many museums have begun developing digital displays. This involves the digitalizing of physical collection pieces, 

followed by sorting and archiving in databases. Museums that make use of website structures and digitalization can 

enhance the four functions of museums: collect, exhibit, research, and education. However, most museums are unable to 

take advantage of their digital assets and view digitalization as a valuable resource. To do so requires digital services. 

The objective of this study was to present case studies as well as future trends in this field. We developed interactive 

learning devices for new media exhibition. It is hoped that the achievements of this study will benefit and inspire mu-

seum managers and researchers at all levels 

2 The Role of Museum 

In his book “Introduction to Museum Work”, Burcaw (1997) described a museum as a necessary educational organi-

zation that provides a systematically organized collection of historical works for public display [6]. The function of 

museums has changed from a place to showcase national prestige to a place in which cultural assets may be protected 

[11]. 

Traditionally, museums have had two main roles: (1) providing an area in which to display artifacts and related in-

formation; and (2) providing a nucleus for the accumulation of knowledge related to a particular subject. Museum ad-

ministrators assist in the conservation of artifacts and accumulate information regarding their origins. However, mu-

seums face a range of challenges [10] [1] [8], which have blurred the boundaries of these roles. Tensions now exist 

between those who see a visit to the museum as an educational experience and those who see it as a leisure activity [5]. 

In summary, the basic core functions of museums include collect, exhibit, research, and education. Fig. 1 presents the 

relationships among these four functions [7]. 
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Fig. 1. Four Major Functions of a Museum, (Modified from [7]) 

Museums have now moved into the digital world, enabling them to spread the information they hold throughout the 

world [2] [3] [4]. Museums seek to digitalize collections not only for the sake of preserving cultural heritage, but also to 

make information accessible to a wider public [9]. 

3 Case Study: National Palace Museum 

The National Palace Museum (NPM) in Taipei, Taiwan has had considerable success in the preservation of heritage 

through Digital Archives, a Digital Museum, and e-learning. Hundreds of thousands of museum objects have been 

saved in digital form. These efforts have provided considerable benefits for the museum and society. Since the National 

Digital Archives Program and Museum Digitization Program began in 2000, a wide range of missions have been com-

pleted: the establishment of an extensive database for key collections; the launching of websites in ten languages; the 

installation of a wireless network system; the publication of an e-journal with a circulation of 190,000; providing e-

learning and on-line exhibitions; and the application of various electronic media into museum displays. 

4 Vision of NPM Digital Project 

The goal of the NPM digital project was to apply new technology to the archiving of collection pieces, create educa-

tion service with which to promote the collection pieces as well as Chinese culture. The exponential growth of digital 

content since the beginning of the NPM digital project would require the constant expansion of physical hardware; 

therefore, we opted for cloud services, which would enable rapid increases in storage capacity using virtualized compu-

ting, thereby reducing costs, enhancing communication and computing capabilities, and enabling multi-device access 

services. 

5 Communication Model of New Media Exhibition in NPM 

The communication model of the NPM new media exhibition is presented in Fig. 2. Curators and researchers will be 

able to archive digital assets and knowledge related to collection pieces using DAM and KM and store them in the in-

formation center. Once organized, thematic exhibitions will be organized using the digital services propagated via ICT 

tools. At the receiver end, the content will be transferred to networked displays, interactive devices, and various types of 

mobile devices via the internet. A feedback function is also available, which enables visitors to select and respond to 

exhibition content as if they were interacting and communicating directly with the curators. This differs from traditional 

exhibitions, in which the thoughts of the curators are conveyed to the visitors in static form.  

 

 

Fig. 2. Communication model of new media exhibition in NPM 
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6 Curatorial Concepts of the New Media Exhibition “Rebuilding the Tong-an Ships” 

 This exhibition features installations using holographic projection, naked-eye 3D, augmented reality, and Kinect 

sensor technology as an interactive and digital art form of presentation to reinterpret the rise and fall of Tong-an ships in 

Chinese maritime history, allowing audiences to feel even more the impact that digital technology can bring. The exhi-

bit also serves as a perfect complement to the wealth of maritime historical materials on display in the special exhibition 

of “Voyage with the Tailwind: Qing Archival and Cartographical Materials on Maritime History in the National Palace 

Museum” at the Main Exhibition Building (on display at the National Palace Museum until 24 November 2013), pre-

senting a splendid recreation of what the heyday of Southeast Asian maritime culture during the nineteenth century and 

the historical elegance of the Tong-an ships. 

The Tong-an ships were large traditional sailing vessels that emerged in the middle of the Qing dynasty, being so 

named because they were constructed at Tong-an County in Fujian Province. Tong-an ships were not only widely used 

in the private sector, they also were utilized by pirates before finally becoming the naval mainstay of the Qing court for 

the open seas. Before the arrival of the steamship in China, it was most representative of sailing vessels in ancient Chi-

na. A curatorial focus of the exhibit is on the idea of “tides,” as in “ocean tides,” “the tide of immigration,” and an 

“economic tide,” all of which became associated with the Tong-an ships. First of all, ocean tides brought unlimited 

opportunities, opening an indispensable link to the outside along China’s coast. Tong-an ships helped spur a tide of 

immigration, bringing the power of plenty and the development of Taiwan. And with it came an economic tide, creating 

a rich and pluralistic maritime culture of commerce at the time that also gave rise to the likes of Cai Qian, “Pirate 

among Pirates.” In addition, interpreting and presenting artifacts from the National Palace Museum using new media 

technology represents a new trend, or “tide,” in contemporary exhibit installations. Thus, the kinds of “tides” mentioned 

above exactly provide an objective for explaining this exhibition. 

This exhibition follows three main perspectives in dealing with the subject: “Period Background,” “Main Charac-

ters,” and “Boat Construction.” The integrated application of new high technology allows audiences to fully experience 

the emotional impact and atmosphere of each work and thereby further understand related information on such facets as 

the history, military affairs, and cultural aspects of the Tong-an ships as well as the rich contents of historical docu-

ments 

7 Design of NPM Interactive Learning System 

7.1 Crossover Dialogs: Holographic Projection 

Holographic projection is one of today's most advanced methods of projection. By projecting an image on a fine silk 

screen or a high reflectance transparent film, we can see the foreground projection clearly with background in view. 

"Crossover Dialogs" let virtualized moving images of Emperor Jiaqing, Commander General Li Changgeng, and Cai 

Qian the pirate tell their stories from their personal point of view in order to let viewers understand what was the "Cai 

Qian's Mutiny" and the role of Tong-an ships in this historical affair. The interactions processes of the device are: (1) 

When a viewer approaches, the names of three historical figures show up: Emperor Jiaqing, Commander General Li 

Changgeng, and Cai Qian the pirate. The viewer can use gesture to select the person that he/she wants to see. (2) Once a 

selection is made, the selected historical figure is awakened to tell the story in his own words. 

 

Fig. 3.  Interactions of Crossover Dialogs 

7.2 Cloud Gallery  

There are two main functions of NPM cloud gallery: curation and exhibition. The system enables curators to directly 

manage collection pieces and digital assets as well as change exhibitions at will. The end-user client (Fig. 4) focuses on 

the use of the internet and communication technologies to transmit artifact, painting or calligraphy to electronic display 

devices or electronic devices used by the general public (such as personal computers, digital television, and digital bill-

boards) after being processed using cloud computing. It is hoped that this will help to propagate this knowledge more 
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extensively and assert greater influence than what is possible using traditional media, thereby enabling the public to 

experience the features of Taiwan and Chinese culture from anywhere, at any time. 
 

 

Fig. 4. End Users View of NPM Cloud Services 

Thanks to cloud technologies, we can see the NPM's current exhibits and certain rarely-seen masterpieces without going 

there. The Cloud Gallery displays the art using a massive screen consists of six 42" monitors. To change items, the Na-

tional Palace Museum only needs to update the server remotely in the office and the exhibition will be. 

 

 

Fig. 5.  Cloud Gallery 

7.3 The Augmented Reality Clothes Changing Device  

Qing officials used to wear uniforms with decorations assigned strictly according to their ranking. You can tell an of-

ficer's rank by seeing his chest and back patches. Through this AR device, when a viewer enters the sensor area, an 

officer's decorated uniform will be randomly displayed and put on the viewer. The ranking of that uniform will be dis-

played on the panel and the viewer's picture wearing that virtual uniform will be uploaded to our Facebook page for 

download.  

 

Fig. 6. The Augmented Reality Clothes Changing Device 

7.4 Breaking Waves: An Interactive Tongan Ship Simulator  

"Breaking Waves" is a fully immersive interactive Tong-an ship simulator which enables the viewers to sail the ship, 

fire the guns, and chase the pirates in its interaction zone under the system's instructions. This Device, based on the 

CAVE (CAVE Automatic Virtual Environment) architecture, shows the viewers main components of the Tong-an ship. 
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Fig. 7. Breaking Waves 

8 Conclusion 

In the next year, NPM will begin adopting various technological services, allowing the public to browse the content 

of the collection, access resources and visitor information, and acquire new knowledge using various mobile informa-

tion and communication devices from anywhere, at any time. This will provide access to archives of invaluable national 

treasures, enhance the functions of collection (research, and education), improve the visitor experience, reduces the 

digital divide, and attract tourists interested in Chinese culture. The NPM is an example of applying new technologies to 

the development of innovative services and promoting innovation in cultural industries. This study began by addressing 

the functional roles of museums and the issues they currently face and compiles this experience with its communication 

model, design concept to share with community. 
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Abstract. Book applications (apps) have become an active element in children’s publishing. Yet  there 
are a lack of standards and design models within this arena. In this paper I analyse the ways in which 
book apps can draw on the conventions used in print picture books. I propose that through building closer 
ties between print and digital book formats, the evolutionary trajectory of digital literature may be 
strengthened. This  inquiry involves investigating the use of multimedia, interactivity and playful design 
in  print and digital children’s  books. I also highlight two key issues relating to digital interactive 
narratives: the relationship between interactivity and  narrative flow, and the relationship between text  and 
audio narration. This is with the view to assessing how picture book conventions can be used to extend 
the design of digital interactive stories, particularly book apps. 

Keywords: Digital Narratives, Interactive Stories, Book Apps, Digital Picture Books, Childrens 
Literature, Picture Books, Interaction Design, HCI. 

1       Introduction

Since 2010 applications (apps) designed for touch screen mobile computers have become active elements in book 
publication: and book apps have emerged as a new picture book format [1]. Yet practitioners and publishers alike 
acknowledge that there are a lack of standards and an absence of dominant models within children’s digital publication 
[2]. In this discussion I begin to address this concern by highlighting picture book conventions that may be applicable to 
the design and analysis of children’s book apps. 

Book apps are multimedia, interactive artefacts that feature playful design [3-4]. For this reason I begin by assessing the 
multimedia, interactive and playful aspects within both print picture books and children’s book apps. I then focus on 
two issues relating to digital interactive narratives: the relationship between interactivity and narrative flow; and the 
relationship between two key media components, text and audio narration. This is in an attempt to uncover some ways 
in which the design and analysis of print picture books may inform the design and analysis of digital interactive stories, 
particularly book apps.

2       Picture Books and Multimedia

Picture books are often considered to be ‘books intended for young children which communicate information or tell 
stories through a series of many pictures combined with relatively slight texts or no texts at all’ [5]. Picture books that 
combine text and imagery may be viewed as being multimedia artefacts. That is, they are composed of more than one 
media format [6]. Although picture books can contain a wide variety of media, text and images form the foundation 
blocks of these works. 

Through picture books children learn to ‘read’ both text and images, and these media elements operate in a particular 
manner; they do not always ‘tell the same story’ [5], [7]. According to children’s literature theorists Maria Nikolajeva 
and Carole Scott, picture book images often provide contrasting information to that provided in the text. When works 
operate in this way they are deploying the picture book convention of ‘counterpoint’ [7]. Authors and illustrators use 
counterpoint in an attempt to add further depth to a narrative. 

One example of counterpoint is evident in the print picture book Rosie’s Walk: Fig. 1 [8]. The protagonist, Rosie, is a 
chicken and according to the text she is simply strolling around a farmyard. Yet the visual story allows for multiple 
interpretations. Throughout her walk Rosie is perhaps intentionally defending herself by navigating paths that result in 
repeated injury to a stalking fox. The complex humour within the images, combined with the almost documentary-style 
instructional text, creates a depth to the story. In this excerpt the text and images impart independent aspects of the 
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narrative, an overarching unified story is formed when the reader combines these components of the work [5], [7]. The 
convention of counterpoint invites readers to actively engage in forming an understanding of what is occurring within 
the book: it encourages audiences to use their imaginations.

Fig. 1. An example of the picture book convention of counterpoint (Source: Hutchins 1968, pp. 3-4)

Conversely, when picture books present identical information within the text and images, the work is considered to be 
symmetrical [7]. Symmetrical design is evident in Fig. 2 [9]. In this example the visuals support the information 
provided in the text: the visuals do not provide additional information. When reading symmetrical works the audience 
‘remains somewhat passive’; their imagination is not engaged in decoding counterpointed narrative meaning [7]. The 
information provided in Fig. 2 may effectively educate an uninformed audience. Yet in designing this example I have 
not taken advantage of the depth of narrative possibilities available within multimedia book design.      

Fig. 2. An example of the picture book convention of symmetry (Source: Sargeant 2013)
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Print picture books can incorporate media formats beyond text and imagery. For example, Jan Pienkowski’s Phone 
Book features text, still and moving imagery and inbuilt audio [10]. When readers open and close this book the pop-up 
paper sculptured images move; and when a button is pressed, audiences hear the sound of a telephone ringing. 
Similarly, children’s book apps integrate text, still and moving images, and audio. Potentially these digital works are 
continuing, and extending the tradition of a multimedia presence within the picture book art-form.

 
3       Interactivity in Picture Books and Book Apps

Multimedia and interactivity are central to the digital environment [11]. Some commentators believe that a printed book 
can never be interactive [12]. Yet in the field of children’s literature, interactivity is considered to be an active 
component within both print and digital books. Children’s digital narrative theorist, Krystina Madej, notes that: 
‘Interactivity is one of the key features of the digital environment;...it is also used as a key feature in many young 
children’s books to engage and entertain. Interactivity in books is used in different ways and for different purposes: pop-
up, open-the-flap, and peep-through-the-hole books give children the opportunity to play and learn as they make things 
happen’ [13].

One example of an interactive print picture book is Pienkowski’s Phone Book. In this work readers are invited to move 
the pop-up visuals and trigger inbuilt audio. The book responds and alters according to specific user touch and 
movement. 

In the prototype book app How Far is UP? audiences are invited into a similar interactive environment [14]. The 
excerpt shown in Fig. 3 displays a scene from this work. When users touch the characters on the screen an animated 
sequence is triggered. When this sequence is completed, text appears. Users may also engage the device’s 
accelerometer: a virtual rocket moves in response to the angle of the tablet. Audio can also be triggered by touching 
certain aspects of the artefact.

 

Fig. 3. Interactivity in book apps (Source: Sargeant 2013, p. 1)

The Phone Book and How Far is UP? are works that are interactive, as the media elements respond according to the 
audience’s movement and touch. Both of these works invite audiences to play. 
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4       Play, Puzzles and Games in Picture Books and Book Apps

During the late Seventeenth Century philosopher John Locke spearheaded an educational movement, one that 
acknowledged childhood as being a distinct developmental phase within Western societies [13], [15-16]. Locke stated 
that children are not just miniature adults, they are a distinguishable group that possess their own specific needs. He 
proposed that children should not be hindered from being children and their curiosity and sense of play should be 
encouraged [17]. As a consequence, children’s stories progressed from being proscriptive, intended as instruction for 
miniature adults, to being entertaining [13]. For example, during the Eighteenth and Nineteenth Centuries, author-
illustrators such as Lothar Meggendorfer incorporated movable elements and playful interaction design into their books 
[18]. Children’s book designers invited audiences to be playfully engaged with their works.

Play can be viewed as ‘free movement within a more rigid structure’ [19]. Designers of both print picture books and 
book apps commonly create playful content. This is evident in the book app The Fantastic Flying Books of Mr Morris 
Lessmore (henceforth known as Flying Books) [20]. Within this work users can create words by touching the screen and 
‘dragging’ alphabet letters into a virtual bowl. A photographic image of the letters can be taken and stored on the mobile 
device. Users freely play within this environment.

The Flying Books also contains a more structured sense of play, in the form of puzzles. Puzzles ‘hide a solution, and the 
player must experiment to divine that solution’ [12]. Within book apps many designers allow for this type of solution-
seeking action. For example, the Flying Books app contains virtual jigsaw puzzles in which users can touch the screen 
and drag sections of an image into specific locations with the aim of creating a unified picture. 

Although these puzzle elements invite play, they are not in my mind, games. Games theorist Jesper Juul states that a 
game is a rule-based formal system. Games contain a variable and quantifiable outcome; different outcomes are 
assigned different values; the player exerts effort in order to influence the outcome; and the player feels attached to the 
outcome [21]. Although many book apps contain play and puzzles, formal games are only occasionally present in these 
works.  

One example of a book app that contains formal games is Graeme Base’s Animalia [22]. In this work games are based 
on rules: users locate hidden elements, points are assigned, tasks are timed and the user must exert effort to complete a 
task. The Animalia app is an extension of Base’s print book of the same name. These works are centred on game-play: 
neither the printed book nor the app are narrative-based.

5       Play Versus Narrative Flow in Book Apps

Some literary commentators state that narratives consist of two parts: a sequence of events, and the ways in which the 
events are represented [23]. Others consider the term narrative to be equivalent to story [24]. Although I acknowledge 
the complexity of this debate, for the purposes of this discussion narrative will be considered to be equivalent to story. 
Narratives can be viewed as having a rhythmic continuum [5]. This continuum can be described as the narrative flow. 
The term ‘flow’, when used in this way, differs from how it is used in games studies. Within games, flow is considered 
to be an experiential pleasure [6], [19], [25]. 

The vexing endevour of maintaining a narrative within a games environment has been well documented in the ludology 
versus narratology debate which ran throughout the first decade of this millennium [26-28]. These discussions highlight 
the complexities involved in combining narratives and formal game-play. On the one hand narratives can be viewed as 
being an intrisic aspect of games [26]. Yet these elements create design challanges: there can be a conflict between the 
‘now of the interaction and the past of the narrative’ [29]. The relationship between play and narrative is a relatively 
new concern in the field of children’s literature. Perhaps this is because most books do not combine narratives and 
formal games; children’s book narratives are usually coupled with less formal interactive play and puzzles.  

Graeme Base commonly incorporates play and puzzles into his narrative-based print picture books. For example, in 
Enigma, Base uses puzzles to extend and enhance the story [30]. Readers of this work search the text and visuals to 
locate a set of symbols. These symbols form a combination that unlocks movable elements located in the back cover of 
the book. If the combination is correct, a code is revealed. The code can then be used to decipher mysteries from within 
the story. The reader interacts with the work to reveal hidden solutions. The puzzles are embedded within the story and 
the solutions assist readers in gaining a deeper narrative understanding. There is no conflict between play and narrative 
in this work: the puzzle-play does not invite the immersive continuum that is often experienced in formal games. The 
narrative is the continuum in this work, the puzzles allow for playful, active engagement with the narrative. 

Some books present a less nuanced balance between playful interaction and narrative flow. The Flying Books for 
example, contains interactive elements that do not directly relate to the story. In this work users can play a virtual piano 
or arrange letters in a virtual bowl. These immersive activities are narrative tangents, they do not relate to the story, and 
they can be undertaken for any length of time. As a result, users who engage in these diversions may lose track of the 
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storyline. These interactive features appear to be designed for immersive play, rather than as a means of reinforcing or 
enhancing narrative content. 

Fig. 4. Interactivity as an extension of narrative (Source: Sargeant 2013, p. 8)

In creating the book app How Far is UP? a central design goal has been to integrate the interactive features and the 
narrative. This design goal borrows from the practices used in picture book making. The excerpt within Fig. 4 has 
accompanying audio narration that states: ‘UP. Past stars, comets, meteors’. Users can play within this responsive work 
as they learn factual information. For example, when a user touches the image of a meteor, text appears; text that 
extends upon the narrative. Users can also play with the virtual rocket, triggering it to fly within the environment. This 
activity relates to the core narrative content of the book. Through interacting with the work, users discover further 
visual and textual information relating to the overall story. 

In book apps, interactivity is housed within a multimedia environment. This environment contains text, still and moving 
images and audio. I will now turn attention to the relationship between two of these media elements.  

6       Audio Narration and Text in Book Apps

Audio narration can be present within print picture books via a CD supplement. In these cases recorded narration may 
be used in lieu of an adult reading the work aloud to a child. Some digital books borrow from this design concept. The 
book app, The Monster at the End of this Book, appears to follow and extend this idea [31]. In this work, text is 
highlighted as the corresponding word is spoken in the audio narration. This encourages budding readers to draw a 
connection between a specific written word and an associated spoken word.

Interplay between text and narration is not always present in book apps. Many works display identical data within the 
audio and textual material, and do not draw connections between these elements. In the Flying Books the audio 
narration directly mirrors the text. Nikolajeva and Scott may label these media elements as being ‘symmetrical’ [7]. 
Within this app the text can also be ‘turned off’. This allows the user to view visuals and listen to a narration without 
text being present. In this mode, the work may operate more like an interactive film as opposed to a book. It is relevant 
to note that this work was initially released as a short film.

How Far is UP? presents another example of the ways in which the different media elements operate in book apps. In 
this work the imagery depicts a fictitious story: a trio of curios friends venture through the universe and struggle to find 
their way back to earth. The audio narration is a documentary style account of the protagonists’ progression through 
space; and the written text imparts factual details regarding distance and space. One aim in making this app was to 
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drawn on the picture book convention of counterpoint. Fig. 5 displays the text and still imagery from an excerpt of the 
app. The accompanying narration states: ‘UP. Beyond black holes filled with wonders.’ The text and narration present 
different narrative content, this is with the view to taking full advantage of the narrative possibilities within multimedia 
storytelling. 

Fig. 5. Text and audio narration in book apps (Source: Sargeant 2013, p. 10)

7       Picture Book and Book App Design 

The print picture book has evolved to incorporate a wide variety of media formats and complex, playful interactive 
design. As a result of digital developments, a new picture book format has emerged: the book app. These digital, 
multimedia, interactive works fuse text, still and moving images and audio. In helping formalise this new format, it may 
be pertinent to note the similarities between these digital works and the printed picture book. This is with the aim of 
drawing on picture book conventions in establishing design models applicable to book apps. 

I propose that there are two central theories and methodologies deployed in picture book making that may be of 
relevance to the design and analysis of narrative-based book apps. Firstly, I suggest that all interactive book app features 
enhance and enrich the story. Secondly, I note that each media element can be used independently, to tell a different 
aspects of the narrative. These two recommendations may assist in providing starting points for a design model. One 
that seeks to enrich story content and to engage audiences, inviting users to become active participants in the narrative 
construction. 

As books venture further into the digital realm, the connections between Human Computer Interaction (HCI) and 
literature strengthens. When designing and assessing digital, interactive narratives it is logical to draw on games and 
HCI studies, to illuminate the functional affordances of the work. Yet it may be equally as useful to acknowledge the 
ways in which the print picture book may inform the design of digital artefacts, particularly narrative-based, interactive, 
multimedia stories.
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Abstract. This paper analyses the relationship of creative behavioural experiences by assessing the action-taking 
place within the game tasks. The research approach applies a behavioural and verbal protocol to analyse the factors 
that influence the creative processes used by people as they play computer games from the puzzle genre and to exam-
ine player experiences with the Player Experience of Need Satisfaction (PENS) survey. Creative behavioural poten-
tial is measured by examining task motivation and domain-relevant and creativity-relevant skills. This paper focuses 
on the effects of creativity components through player experiences; competency, autonomy, intuitive controls and 
presence. The player experiences are influenced with the most complex of game play interactions. The findings show 
that creative puzzle game play activities may influence the player experience of creative potential.  

Keywords: Creative Potential; Game play; Game Interactions; PENS; Task Motivation; Domain-relevant skills; Cre-
ativity-relevant skills  

1 Introduction  

Increasingly, computer game play is an important leisure activity for many people. The dramatic growth of gaming as 
entertainment and the pervasive quality of the game play experiences, has led to a need to better understand the phe-
nomena. Much of the research in this area has focused on the negative (e.g. game addiction), and only recently have 
researchers begun to examine the positive consequences of game play experiences. While there has been significant 
growth in game-based learning research in the past two decades (e.g. Prensky [19], Habgood [12]), this research tends 
to focus on games that have been specifically designed for educational purposes. The positive benefits of commercial 
games primarily designed for entertainment purposes, have only recently become a focus within the games research 
community (e.g. well-being [33], mood [22] and cognitive reasoning [28].  

     The research presented here examines the creative processes the people engage in while playing computer games 
and the impact that creative game play has on the game play experience. The aim of our research is to understand the 
relationship between demonstrated in-game creative activity and a player’s experience of and engagement with the 
game. While previous research has examined computer game play in relation to personal creative traits [7], our research 
examines the effect that creative processes have on the gaming experience. Creative thinking processes have been 
shown to be a key element in helping people to solve problems [21]. These processes are the result of sustained and 
complex mental effort [25]. In examining the interplay between creative game play and the play experience more gen-
erally, our research seeks to understand the impact that this kind of effortful thinking has on enjoyment and motivation. 
Specifically, the research reported in this paper examines how creative game play processes impact on game play expe-
rience as measured by the Player Experience of Need Satisfaction (PENS) survey. Creative process within games is 
assessed using a creative potential measure development [14]. 

2 Creative Potential of Computer Games 

Computer games have contributed to the practice of enhancing problem-based learning processes. The experiences that 
occur in computer games may enhance creative processes [36]. Games support the development of critical thinking 
through visualization, experimentation and creativity [4]. Game elements may provide a problem solving experience as 
players break down tasks, engage meta-cognitive skills and think critically [34]. Games offer an opportunity to explore 
new ideas and actions through the diverse game play opportunities generated by communities of players. Game experi-
ences that are active and provide intrinsic motivation have great potential to support creative processes [17]. Divergent 
and convergent thinking are core elements of the creative process. Divergent thinking is important for idea generation 
[3], and necessary to produce many alternative solutions to the problem [10]. Creative ideas result from the novel com-
bination of two or more ideas that have been freed from their normal links [27]. Convergent thinking as a creative pro-
cess occurs in the idea validation stage [3]. It allows an individual to select the correct way to approach the task at hand 
[30], with the ability to select a single response from a series of alternatives [8]. Based on the review of the literature, 
creative potential for this study is defined in terms of: 

• Sensitivity to problems; 
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• The process of finding appropriate solutions through the exploration of multiple paths; 
• Motivations of curiosity, discrepancies and gaps in knowledge to drive the creative problem solving process; and 
• The process of evaluating solutions and settling on the most appropriate for the given problem space. 

The componential model of creativity describes the ways in which we enter into stages of the creative activity. The 
componential framework of creativity has problem solving at its core and includes three major components: domain-
relevant skills, creativity-relevant skills and task motivation [1]. As people solve problems they generate response pos-
sibilities from an array of available pathways and explore the environment to determine the best solution. Domain 
knowledge plays an important part in the generation of an acceptable solution. Engaging in playful activities or fantasy 
can have a positive effect that influences the active engagement of creativity-relevant processes [3]. Creative-relevant 
skills influence the quality of the ideas produced and task motivation influences the quantity of ideas [1,2,3]. The three 
components are crucial characteristics of a creative process. In seeking to understand the creativity, El-Murad and West 
[9] adopted a similar approach to Amabile's work. Amabile emphasizes aspects of managerial practice that affect crea-
tivity. The componential framework of creativity [2] has problem solving at its core and includes three major compo-
nents: domain-relevant skills, creativity-relevant skills and task motivation. 

3 A Method for Measuring the Creative Potential of Computer Games 

Designing an assessment lens for creative processes requires analysis and interpretation of existing measures. Behav-
ioural assessment allows for the analysis of creativity from a divergent thinking and convergent thinking perspective. 
The measurement can be used in the identification and development of creative potential [26]. The method we consider 
focuses on behavioural observation and verbal protocol analysis during creative activity [16,21]. Measurement of crea-
tive potential involves examining the relationship between tasks, from both a domain skill and creative skill perspective, 
and the effect of intrinsic motivation [21]. It has been used previously to measure creativity in structure building activi-
ties, collage making and poem writing. The research yielded a specification of particular task behaviours that strongly 
predict creativity. In addition, analysis of the verbal protocol yielded process measures that were strongly related to 
creativity [21]. The creative potential may be determined by examining the relationship between skills required and the 
effect of intrinsic motivation within game play activities [14].  

4 Player Experiences 

Within this research project measurement of player experience is based on self-determination theory (SDT). SDT is 
primarily concerned with the potential of social contexts to provide experiences that satisfy universal needs in people. 
As an approach to motivation, it defines three key needs associated with positive processes of self-motivation and per-
sonal integration [23]. These needs are competence (sense of efficacy), autonomy (volition and personal agency) and 
relatedness (social connectedness).  

4.1 The Player Experience of Need Satisfaction (PENS) 

SDT has been successfully applied in research on sports, education and leisure domains. Przybylski, Rigby and Ryan 
[19] applied SDT to video game player motivations. They explored how video games fulfil or thwart psychological 
needs and thus promote or discourage sustained engagement and either positive or negative outcomes for players [19]. 
Based on SDT and other relevant theories (e.g., presence), Przybylski and colleagues developed the Player Experience 
of Need Satisfaction (PENS) measure, which assesses the play experience in terms of competence, autonomy, related-
ness, intuitive controls and presence/immersion [24]. To assess game experience we used the 21-item PENS survey that 
consists of five dimensions: competency, autonomy, relatedness, presence, and intuitive controls. For this study we 
focused on competency, autonomy, presence and intuitive controls sub-scales. Each item consists of a statement on a 
seven-point scale ranging from 1 to 7.  

4.2 Puzzle Game play 

Games have potential to foster people’s ability to communicate and interact during game play [13]. Playing games has a 
significant role in helping people to learn [17]. Learning the rules of a game allows players to interact with game objects 
and avoid an environment of frustration and confusion. This learning experience allows players greater freedom in 
terms decision-making. The interactive experience with the game environment allows people to express their creativity 
and intentions [31]. Creating authentic and engaging gaming activities that incorporate educational content and process-
es may lead to new learning practices. The informal learning linked with games can provide a foundation for innovation 
which can be applied in a formal learning situation [29]. 
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Game experiences that are active and provide intrinsic motivation have great potential to support learning processes 
[17]. Importantly, prior creative activity can have a positive impact on learning, intrinsic motivation, and subsequent 
creativity [3].  In the digital puzzle game, players must make a decision to act based on each available piece of infor-
mation. The decision influences players’ engagement. Engaging in playful activities or fantasy can have a positive ef-
fect that influences the active engagement of creativity-relevant processes [3]. The relationship between educational 
theory and game design appears to require appropriate puzzles integrated into strong story-lines where game technology 
is used to create an entertaining experience [5]. This experience may influence the puzzle game play. The puzzle game 
play is the physical and mental activities in the puzzles [18]. Then, this study focuses on the engagement in creative 
activity that is the result of individuals being intrinsically motivated to interact, and the learning that occurs through 
positive experiences. 

5 Method 

In exploring the relationship between the uses of creative processes during game play and player experience, we decid-
ed to focus our study on three puzzle-based games – Portal 2, I-Fluid and Braid. While these games have different me-
chanics, goals and settings, they all require the player to solve puzzles to progress through the game. They have all re-
ceived largely positive reviews from game critics. Analysis involved examining the PENS subscales of competency, 
autonomy, intuitive control and presence as functions of and in relation to the creative process as measured by task 
motivation, domain-relevant skills and creativity-relevant skills). Player experience as measured by PENS was our de-
pendent variable. We did not examine the PENS relatedness sub-scale, as all games were played individually. Game 
task behaviours and verbalizations were coded to obtain empirical indices of the creative processes in which game play-
ers were engaged. 

5.1 Participants 

Nineteen participants were involved in the study; six were female and 13 were male. Their ages ranged from 18 to 34 
(M= 23.79, SD= 4.35). Most participants were familiar with playing games with 52.6% indicating that they played 
games daily, 15.8% several times a week, 15.8% once a week, 5.3% once a month; 10.5% indicated that they do not 
play videogames. 

5.2 Procedure 

Participation in the study involved being observed while playing the three selected games: Portal 2, Braid and I-Fluid. 
The order in which players were presented with the games was varied to avoid order effects. Each participant was en-
gaged in game play for approximately 45 minutes in total, playing each game for 15 minutes. This amount of time play-
ing each game has been shown to be sufficient for proving a good assessment of a game play experience [20]. To exam-
ine the creative process, participants were video recorded while playing the games. A video coding scheme was used to 
capture the type and frequency of observable behaviours and verbalizations for each participant video. This coding 
scheme is based on the measures developed for analysing creative process [14].  

6 Results 

 
Figure 1. Mean of PENS for each game 

Using the medium as a cut-off, creativity components of task motivation, domain-relevant skills and creativity-relevant 
skills were classified as high or low for each of the games. A series of one-way analyses of variance (ANOVAs) were 
conducted, with the creativity component groups serving as independent variables and each sub-scale of PENS serving 
as the dependent variable. Fig. 1 shows the comparison of average scores for PENS: competence, autonomy, intuitive 
control and presence for each game. In Portal 2, the level all of four sub scale is highest. Braid is the lowest of compe-
tence, autonomy and presence, while the intuitive control is higher than I-Fluid in comparison. I-Fluid is the average for 
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all sub scale and has lowest in terms of intuitive control.  
 

 

 
 
 
 
 
 
 
 
 

Table 1: The significant mean differences of PENS scores across creative components ranking 

 
Figure 2. Creative Potential Components for each game 

The competence scale aims to measure the participants’ perception of whether the game requires competency [24]. The 
table 1 results show a significant (α < .05) effect of creativity components in terms of task motivation, domain-relevant 
skill and creativity-relevant skill levels for competency measuring. Significant pair-wise comparisons, Portal 2 player 
experience were significantly better than I-Fluid experience. The autonomy scale aims to assess the degree to which 
participants felt free, and perceived opportunities to do activities that interest players [24]. The results in Table 1 show a 
significant (α < .05) Portal 2 player experience were significantly better than I-Fluid experience. The intuitive control 
scale aims to assess the degree to which participants control their character’s actions in the game environment [24]. 
These results show a significant (α < .05) Portal 2 player experience were significantly better than I-Fluid experience. 
The presence scale develops to measure a sense of immersion in the gaming environment [24]. These results show a 
significant (α < .05) effect Portal 2 were significantly better than I-Fluid and Braid experiences. 
 
Fig. 2 shows the comparison of average scores for creativity components: task motivation, domain-relevant skills and 
creativity-relevant skills for each game. In Portal 2, the level of task motivation and domain skill are highest. Braid is 
the highest domain-relevant skills level. 

7 Conclusions and future research 

Our analysis of the three games, Portal 2, Braid and I-Fluid, demonstrates that Portal 2 engenders feelings of compe-
tence, autonomy, intuitive control and presence/immersion at greater levels than either Braid or I-Fluid, while the level 
of domain-relevant are lower. However, Braid is the highest domain-relevant skills level.  Our findings suggest that 
player experience, as reported in our PENS surveys, reflects the relative ability for these games to engage participants in 
positive play experiences. Findings indicate that the impact of skill-based creative processes influence feelings of posi-
tive experiences, particularly with respect to competence, autonomy, intuitive control and presence, is a noteworthy 
finding. The findings show that creative puzzle game play activities may influence the player experience of creative 
potential through game play experience. The impact of high task motivation and domain skill through Portal 2 game 
play influenced high feeling of player experiences. Future work will explore creativity in game play process more detail 
in puzzle genre elements. The deconstruction game elements will guide game designers in the creation of games to fa-
cilitate people’s creative thinking skills. The knowledge generated through this research will assist in adding a new and 
helpful educational dimension to either educational or traditional commercial games. This understanding of the ways in 
which games facilitate creative thinking will be used to create a framework for designing new gaming experiences. The 
framework will identify crucial characteristics of the creative process that emerge throughout the process of playing 
games and map puzzle game play elements to components of the creative process. The design framework produced will 
guide game designers in the creation of games to facilitate people’s creative thinking skills 

Measure Game 1 Game 2 Diff Std. Error p 

Competence Portal 2 I-Fluid .733 .248 .011 

Autonomy Portal 2 Braid 1.062 .482 .046 

Intuitive Control Portal 2 I-Fluid 1.139 .280 .001 

Presence 
Portal 2 I-Fluid 1.251 .306 .001 

Portal 2 Braid 1.026 .258 .002 
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