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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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