
Towards an undestanding of the creative process of 

classroom based computer game design 

Abstract. This paper investigates the creative process of computer game authoring in a classroom 
context. It presents a five stage creativity model, based on theoretical models from various disciplines 

as well as extensive empirical observation, which was used to inform the design of a learning 
environment called Adventure Author. The model was evaluated using data gathered from a six week 

field study with a class of twenty-five 11-12 year olds. Quantitative sequential analysis of log files was 

used to measure whether predicted transitions between phases in the model did occur in practice. The 
learners’ interactions within the phases of problem finding and external validation were also studied. 

Case studies, derived from qualitative evaluation of the games, combined with analysis of log file data, 

lead to further insights into how patterns and frequencies of particular transitions lead to productive or 
less productive behaviour. The case study analysis suggests methods of improving Adventure Author 

in the future. 
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1. Introduction 

Design of effective learning environments requires an understanding of the domain of instruction, as 

well as anticipation of needs of teachers and learners. For some learning environments, insight into the 

process which a learner undergoes in order to complete tasks in the domain is also required. Here a 

model of the learning process can be an effective way to predict what sort of software support features 

will be appropriate at particular stages of the process, and how the software can guide the learner to 

make the transition between phases in the process. This is true not only for constrained instructional 

problems, but also for open ended creative tasks: “Creative projects involve often-prolonged periods of 

work, in which doubt, ambiguity and a lack of perseverance can lead people to abandon the creative 

process…it is possible that computers can encourage creativity by monitoring the working process and 

supporting the potentially creative person as he or she proceeds” (Lubart 2005;p366). 

 

This paper presents and evaluates a model of the creative process in the domain of computer game 

design. The domain was chosen because it is one which children find motivating and challenging 

(Robertson and Good 2005). Creating a game is a complex task which can take many hours to 

complete; it requires solutions to many varied problems; and it requires the author to satisfy a set of 

constraints imposed by the software tool, the time available, and his technical ability. As a design task, 

the open ended nature of the problem, the many possible solutions and the multiple design strategies 

which could be successfully employed (Lawson 1990) make it rather different from many tasks 

learners encounter in the classroom. A specific model of the creative process which young learners 

might follow when making games was developed in order to support and guide young learners through 

this complex task (see section 3).  

Why is it necessary to develop a model of creativity especially for game authoring? Would it not 

be possible to use a general model of creativity (see section 2)? Lubart argues that “theories of the 

creative process need to specify in much greater detail how the sub-processes can be sequenced to yield 

creative productions… variations on a modal creative process depending on the domain of the work or 

characteristics of the individual need also to be considered” (Lubart 2001;p305). The contribution of 

this paper is to analyse the creative sub-processes and transitions between them in the domain of 

computer game authoring using naturalistic data gathered automatically by software during a school 

based field study.  

The domain specific model of creativity informed the design of Adventure Author, a suite of 

creativity support features which integrate with the Neverwinter Nights 2 commercial game creation 

tool (see section 4). An evaluation of aspects of Adventure Author in a school field study, intended to 

deepen our understanding of creativity in this context, is reported in section 5. The creative stages of 

problem finding and external validation were investigated through the examination of learners’ usage 

of Adventure Author’s Fridge Magnets brainstorming and Comments Cards peer review tools 

respectively.  In addition, aspects of the underlying creativity model were evaluated to see whether 

transitions between phases in the model occur in classroom usage of the software. Having established 



this, the paper then uses case study analysis to look for patterns of behavior within the creative process 

which seem to be productive (or not) in producing high quality games. By examining markers of 

productive or non-productive behaviour within users of this study it will be possible in the future to use 

log file information to diagnose cases where learners could be more productive and identify 

corresponding software suggestions to guide users through the creative process of making games.  

2. Background 

2.1. Models of the Creative Process 

(Lubart 2001) raises some thought provoking questions about models of the creative process, and 

argues that the traditional four stage model of creativity needs updated. He defines the creative process 

as “the sequence of thoughts and actions that leads to a novel, adaptive production” (p295). Wallace’s 

influential four stage model of creativity, originally proposed in 1926, contained the phases of 

preparation, incubation, illumination and verification (Wallas 1926). Preparation involved conscious 

work on a problem at hand, followed by the unconscious musing of the incubation period. During the 

incubation period, the individual would be performing other unrelated activities while unconscious 

processes would be evaluating a stream of possible ideas. All being well, this would result in a sudden 

flash of illumination where the most promising idea would become accessible to the conscious mind 

where it could then be verified and refined. There are some points of interest about the sequencing of 

these stages: it is possible to return to an earlier phase in the process during problem solving; and there 

can be some overlap between stages if someone is working on multiple aspects of a problem 

simultaneously.  

Various researchers since have expanded on this model. Cropley outlines a six stage model of 

creativity for learners which indicates the attitudes and emotions which might be experienced at each 

stage in the process (Cropley 2001). The process begins with the learner being exposed to rich sources 

of information which arouse interest and curiosity. This feeds into incubation where the learner’s 

determination and fascination lead them on to the excitement of the illumination phase. At the 

verification stage, the learner evaluates her solution so far, which is accompanied feelings of 

satisfaction and pride. The learner must then communicate her ideas with her peers, with a sense of 

anticipation, hopefully with the result that the idea is validated by the acceptance of her community. 

 An important refinement to the four stage model which has been considered in some depth by 

creativity researchers is problem finding. This refers to the aspect of creativity in which the creator is 

not simply solving a problem in a known solution space, but has spotted a gap or inconsistency in 

previous solutions which requires investigation. (Starko 1999) describes three problem types with 

respect to creativity. Type 1 problems, typical in classrooms, have a known formulation, a known 

method of solution and the answer is already known by people other than the person solving the 

problem. Type 2 problems are presented ready- formulated to the learner but they must figure out the 

method which should be used to solve the problem. In contrast, type 3 problems require problem 

finding because the creator poses their own formulation of a problem, and no solution or method is 

known. Cropley argues that teachers who wish to foster creativity in their learners should make 

learners responsible for finding their own problems, and should help them decide which problems merit 

solving, and how to go beyond obvious problems to more fruitful ones (Cropley 2001). Design tasks, 

including game authoring, are often examples of type 3 problems in the sense that they are open ended, 

and cannot be fully specified at the outset. The designer has numerous overall goals to satisfy, perhaps 

to create something useful or beautiful, using the tools available within a set time period. As the design 

progresses and the designer learns more about the problem, these goals may change. Furthermore, 

design problems typically have multiple possible solutions, the suitability of which can only be 

determined by subjective judgment. Not only do designs have multiple possible solutions, there are 

also multiple possible design strategies which may be successfully applied. An aim of the Adventure 

Author project is to assist learners with these challenges using appropriate software support. 

In the context of creative writing (which is akin to game authoring), problem finding involves 

deciding on a topic, theme, characters or setting. (Starko 1989) examined problem finding strategies 

used by writers, and found that more able writers were more fluent in the number of ideas they were 

able to generate and that they deliberately manipulated ideas (for example by purposely seeking new 

combinations of ideas) more than less able writers who were more likely to sit and wait for inspiration 

to strike. She notes that subjects with successful problem finding strategies often devote more time to 

exploring stimuli than their less successful peers. 



There has also been research which has investigated the sub-processes which are involved in 

creativity. For example, (Finke, Ward et al. 1992) propose the Geneplore model which considers the 

exploratory and generative stages of the creative process. Generating ideas requires knowledge 

retrieval, analogical transfer and the ability to associate, combine, synthesise and transform ideas. The 

generative phases results in “pre-inventive structures” which are then scrutinized, interpreted, 

evaluated, tested and checked for limitations during the exploratory phase.  

Lubart raises a question which has implications for the design of a creativity support system: 

“within the creative process, how can we account for different levels of creativity (from highly creative 

to minimally creative?)”(Lubart 2001; 301). Such an account could be used to assist learners who are 

initially less creative to develop behaviours which result in more creative products. In this project, we 

have taken what Lubart terms the continuum view: creative and less creative individuals follow the 

same basic creative process but the differences in their products arise through variance in the 

frequency, duration or sequencing of phases. In the Adventure Author software, the duration and 

sequencing of activities is logged to enable us to identify which strategies result in creative or less 

creative products. There is some existing experimental evidence to confirm that this approach may be 

fruitful. For example, (Goor and Sommerfeld 1975)examined the think aloud protocols of creative and 

less creative students completing a problem solving tasks. They discovered that the highly creative 

group spent more time than the less creative group on generating new information, generating 

hypotheses, working on hypotheses. In addition, the sequence of behaviours was different for the 

highly creative group in that they tended to follow up self evaluation with productive behavior such as 

generation of new hypotheses in contrast to the less creative group who lapsed into silence following 

self criticism. In a study of the story writing process in university students, (Lubart 1994)found that 

participants who were instructed to evaluate their ideas early (rather than at the end of their work or 

distributed throughout it) were likely to result in more creative products.  

 

2.2. Creative processes in related disciplines 

(Resnick 2007) offers a spiral model for creative thinking in children’s technology based projects such 

as game making or computational craft-work. He proposes an iterative process containing the stages of 

imagine, create, play, share and reflect. The children imagine a new idea of what they would like to 

make and then use the technology to create it. They play with their creation, and invite their friends to 

pay with it too. By reflecting on their experiences of working on this project, they are in a position to 

imagine further projects, and so the cycle continues. He writes that “As students go through this 

process, over and over, they learn to develop their own ideas, try them out, test the boundaries, 

experiment with alternatives, get input from others, and generate new ideas based on their 

experiences.”(Resnick 2007;p18). The relationship between Resnick’s model and the proposed model 

is discussed in Section 3. 

The domain of educational game making has elements in common with other fields which have 

known development methodologies or processes. Game authoring in the classroom involves some 

aspects of software development, in particular the activities of implementation and testing. It is related 

of course to commercial game design, although it is not subject to the financial constraints and tough 

competition of the games industry. While commercial software engineering and game development 

projects are generally completed in teams, we have chosen to focus on the creative process of 

individual learners in this project. As our previous research has focused on the development of literacy 

and storytelling skills through game making (Robertson and Good 2005), models of the creative 

writing process are also relevant. 

The traditional “waterfall” model of software development consists of the phases of requirements 

gathering, specification, design, implementation, integration and system testing and operations and 

maintenance (Sommerville 2007). Requirements gathering and specification could be considered as 

similar to problem finding and problem specification in creativity models, as the engineer or team is 

establishing exactly what should be built, based on the customer’s requirements. In the design and 

implementation phases, the engineer solves the problem of how to make software which meets the 

stated specification and starts to build it. In a similar way to the verification stage of creativity, 

software must be tested firstly to see whether it is correct and also validated with the customer who 

decides whether it meets her needs before it is deployed. A key aspect of the original waterfall model is 

that one phase must be complete before another phase begins. In the sub-domain of commercial game 

development, (Oxland 2004) recommends a waterfall style creative process consisting of shaping one’s 

idea, writing a concept document, writing a design document, prototyping, production coding, game 

balancing and various stages of testing. This model contrasts with other creative models presented thus 



far for two reasons: communication and validation occur early, once the concept document is written 

but before implementation has begun; and it introduces an element of competitive pressure which will 

prevent the project continuing if the concept document is not accepted by funders. 
There are widely acknowledged criticisms of the waterfall model, although it is still used in 40% 

of software projects (Sommerville 2007). A major criticism is the lack of agility in response to 

changing circumstances, such as customers changing their minds, or cases where it becomes apparent 

that a design decision was not optimal. Spiral or iterative development models are now advocated 

where the activities of requirements gathering, specification, design, implementation and testing are 

revisited regularly throughout the project lifecycle. This is particularly appropriate to user centred 

design led projects where the input of the user is sought throughout. Some development methodologies 

advocate variations in the parameters of the basic software development process by altering the time 

spent in each phase, the emphasis placed on particular activities or the frequency of iterations between 

stages. For example the Extreme Programming methodology recommends iterative, small frequent 

releases with regular consultations with the customer, simple design without heavy forward plans in the 

form of design documents, regular refactoring of design as the project evolves, constant automatic code 

testing, and built-in validation of peers during implementation in the form of a practice known as 

paired programming (Beck and Fowler 2001). In the field of games development, recognition that the 

user’s experience of the software is paramount has led to methodologies for user validation of the game 

such as Rapid Iterative Testing and Evaluation (RITE) (Medlock, Wixon et al. 2002) in which changes 

suggested by game testers (members of the player community) are implemented immediately and then 

tested again.   

In the domain of writing, Grave’s process approach to writing (Graves 1983)has aspects relating to 

Cropley’s model of creativity and iterative approaches to software development. In this approach, the 

learners are encouraged to take control of their own writing with the teacher providing help as the need 

arises. Children are encouraged to: write regularly and frequently, decide that they want to write 

(problem finding), draft and redraft their work (iterative development), discuss it with their teacher and 

other class members (communication), and eventually have should have an opportunity to publish it 

(validation). In Sharple’s account of writing as a design activity, he proposes three main activities with 

which the writer iteratively engages during the composition process: planning, composing and 

revising(Sharples 1999). Within each activity, there is a cycle of generation, interpretation, 

contemplation and specification. For example, during the generation stage of the composing phase, the 

writer is engaged in putting words down on the page. Once the words are on the page, the writer needs 

to review and interpret what he has written, contemplate ideas to include in the writing, and specify 

how these ideas should be structured. The model is iterative both between and within the planning, 

composing and revising activities. As with Grave’s approach of multiple drafts, the writer as designer 

does not go through each stage in order one time only; the activities may be tackled in any order and 

multiple times. In fact, accounts of published authors indicate that they have different strategies 

relating to how far they plan in advance, how many times they redraft and whether they perfect every 

sentence before moving on to compose another one (Doyle 1998; Carter 1999; Sharples 1999). 

In summary, models of the creative process in related domains suggest that the creative process of 

game authoring in an educational context should be flexible, and highly iterative. There should be a 

recognition that designs are subject to change as the project progresses. Communicating and sharing 

early versions of the game with users is likely to be beneficial, and a tight loop between 

implementation and testing is advised. Different game authors may approach the task with different 

strategies for planning and redrafting. Lastly, problem finding should be included as part of the process 

to give the children ownership of their games as well as developing this creative skill. 

 

3. A model of the creative process of game design 

The model of the creative process of game making which was developed during the Adventure Author 

project is shown in Figure 1
1
. The model was developed based on a literature review of creativity 

research across various disciplines including creative writing and software development, as well as 

extensive field observations of young people making computer games. An explanation of the 

development of the initial version of this model and empirical work which documents design decisions 

                                                           
1
 A set of versions of this diagram annotated for communication, peer support, teacher support, 

Adventure Author support and metacognition are available at 

http://www.adventureauthor.org/files/CreativityDiagrams.pdf 



for the Adventure Author software can be found in (Robertson and Nicholson 2007). Following 

Cropley (2001), the diagram is annotated with the emotions with a learner might exhibit during the 

creation process, based on field observations of children making games. The sub processes involved 

within each stage are also shown in the diagram. It is important to note that the model is not a linear 

progression from stage to stage; rather it is expected that the learner will iterate between these stages as 

the project progresses.  

We have observed that an important first step in making games is exploration. In this phase, the 

learner playfully tries out features of the software and scopes what is possible within the constraints of 

the tool. This can then lead to the problem finding stage in which the learner generates and selects ideas 

which will be used in his game. Problem finding can lead to problem solving, when the learner starts to 

implement his game ideas using the software. On some occasions the learner might progress from 

exploration to problem solving without problem finding first. For example, the learner might wonder 

“is it possible to do X?” and then spend some time investigating how to accomplish this by 

implementing a prototype game. When using the Neverwinter Nights 2 toolset with Adventure Author 

(see section 4), problem solving activities include writing conversation using Conversation Writer, 

creating landscapes with the terrain editor and populating game areas with blueprints of characters, 

items and placeable objects such as buildings. When the creative process is effective, there is a tight 

loop between the stages of problem solving and internal validation, during which the learner tests out 

his game to see whether it works as he intended, and then revises his game to fix problems accordingly. 

Internal validation can also lead to external validation where the learner presents his game to other 

people to evaluate its quality. External validation can lead back to problem solving in order to fix small 

problems which other people identify, or can instigate a revision of the original idea in the problem 

finding phase. Problem finding can lead to external validation if learners choose to discuss their ideas 

with other people before implementing them. Throughout all these stages, talking with, listening to and 

watching other learners and teachers is vital for sharing knowledge and increasing motivation. This 

social support is as important as any support which can be implemented in software. 

 
Figure 1. A model of the creative process of game making. 

The proposed model contains analogous phases to Resnick’s creative thinking spiral (Resnick 

2007), but there are differences in the ordering. Resnick’s imagine stage maps to problem finding, 

create to problem solving, play to exploration, and share to external validation. Reflect is similar in 

some ways to internal validation, although it may be at a higher level. One of the main ordering 

differences is between problem finding and exploration: in the present model exploration generally 

comes before problem finding whereas the play phase in Resnick’s model comes after the product is 

built. The reason for including exploration as a precursor stage to problem finding is that during field 

studies we have observed that the young people need to be immersed in the technological environment 



for some time to explore the possibilities it affords before they commit to an idea for a project. Some 

learners get frustrated if they commit to a creative idea which turns out to be not supported by the 

software capabilities. Indeed, working within constraints is an important aspect of creativity; the 

creator must be aware of these constraints before tackling to problem. In the present model, there is a 

feedback loop between problem solving and internal validation as the learner iterates between 

implementing and testing his game. The testing phase is not explicitly mentioned in Resnick’s spiral, 

although the reflect stage at the end of an iteration involves the learner evaluating their work. Sharing, 

which is an important factor in the success of Resnick’s Scratch
2
 game making environment, occurs 

towards the end of an iteration of Resnick’s spiral. In the present model, sharing of ideas and technical 

knowledge is distributed through every stage of the process, although this is formalized in the external 

validation phase where the children play each other’s games or formally comment on ideas. This 

difference may be due to the different context of use. In the Adventure Author setting, the learners 

typically work on individual projects but alongside their peers. The Scratch environment, although 

widely used in schools, also has a large following among home hobbyists whose only opportunity for 

sharing may be with an online community.   

There are differences between the phases in this model, and those in Cropley’s model for 

supporting creativity in the classroom. There is a minor difference in nomenclature for the sake of 

clarity: internal validation corresponds to Cropley’s verification, while external validation corresponds 

to Cropley’s validation. Cropley’s information stage is related to the exploration phase, although in 

game making the learners are acquiring new skills and investigating the scope of the software as well 

as gathering new factual information. One important difference is that communication is not considered 

a separate stage for the game making model due to consistent field observations which emphasise the 

importance of ongoing regular communication between learners and their peers throughout the process. 

In addition, as incubation and illumination are elusive concepts which can be difficult to measure, 

problem finding and problem solving are included instead with the assumption that incubation and 

illumination are likely to occur during problem finding.  

The model takes into account some aspects of software development methodologies and 

approaches to teaching writing. From a software development point of view, problem finding 

encompasses specifying the ideas to be included in the game or software, the problem solving phase is 

where the design and implementation of the game occurs, internal validation corresponds to software 

testing and external validation includes user play testing. The model is closer to an iterative extreme 

programming approach than the waterfall style process in that there is rapid iteration between stages, 

the design is expected to evolve throughout the project but is not specified fully at the outset, game 

testing is tightly coupled to implementation, and that users’ opinions are sought before the end of the 

project. Like Graves’ process approach to writing, game authors are expected to decide for themselves 

what to make their game about, create successive drafts of it, and share it with their peers. In common 

with Sharples’ model of writing, successful authors could have different strategies for the sequence of 

activities they take, and how long they spend on each activity. This is examined in detail in the results 

section. 

4. The Adventure Author Software 

4.1. Overview 

Adventure Author is game authoring software aimed at 12 – 14 year old users. It was developed using a 

learner centred design process in consultation with pupils and teachers (using the methodology outlined 

in (Good and Robertson 2006)) and has been iteratively evaluated in several classroom and informal 

education settings throughout the process. As a result of this input, the software is designed to function 

as only one part of a web of other teaching and learning activities rather than a standalone project. The 

issue of appropriate teaching approaches and a description of the range of successful learning skills 

which can be developed in an integrated project including Adventure Author is discussed in (Robertson 

and Howells 2008). In the field study described in this paper it was used as a plug-in to the 3D 

commercial game authoring tool Neverwinter Nights 2 (http://www.atari.com/nwn2/), although some of 

the Adventure Author components are available as free standalone software which can be used to 

support any creative task
3
. The components of Adventure Author are as follows: Fridge Magnets, 

which is designed to assist in recording and storing creative ideas in the problem finding stage of the 

                                                           
2
 http://scratch.mit.edu/ 

3
 Download from http://judyrobertson.typepad.com/adventure_author/downloads.html 



process; Conversation Writer, which enables children to write interactive dialogues with conditions and 

consequences in the problem solving stage; and Comments Cards which supports structured peer 

review in the external validation phase. Two additional components have been developed but were not 

evaluated during this field study: My Tasks and My Achievements, which help children manage and 

monitor the complex series of tasks they must perform to make their game, and reward children’s 

progress and skills development respectively.  

 

 
Figure 2. A screen shot from a Neverwinter Nights 2 game. 

4.2. Design criteria for creativity support systems 

Adventure Author is an example of a creativity support tool, a type of software which has existed for 

some time. There is some disagreement about the extent to which it is possible to design general 

purpose creativity software. While Lubart argues that because creative processes vary with the problem 

type (Lubart 2005), there is unlikely to be a single solution in the form of a creativity support system, 

Hewitt maintains that “some of the most important parts of the development of creative products are 

not domain specific” (Hewett 2005;p387). In the case of gaming making, some aspects of the task are 

clearly domain specific because they are closely tied to the NWN2 game engine. Others, such as peer 

review and idea generation, are common to other creative tasks such as story writing, and so were 

designed to be standalone packages which teachers could choose to use for a variety of classroom 

activities.  

Shneiderman recommends that designers of creativity support systems should “design with low 

thresholds, high ceilings and wide walls” (Shneiderman 2007;p27). That is, the tool should be easy for 

novices to use at the beginning, enable experts to perform more advanced tasks and provide a wide 

range of functionality.  The original NWN2 interface provided wide walls and high ceilings, but the 

threshold for some sub-tasks was too high. For this reason, we redesigned some of the interface 

features as well as providing additional creativity support tools within it.  

 

Table 1 summarises the features for effective creativity support systems which have been adopted in 

Adventure Author. As the focus of the project was on the creative process in individuals, we have 

chosen not to include some of the support features for social creativity proposed by (Shneiderman 

2000)such as looking through libraries of previous solutions donated by other creators. The suggestions 

about flexible interfaces by Hewitt and De Paul (Hewett and DePaul 2000) were not adopted (shown 

by strikethrough formatting in the table) after extensive field testing of the original configurable 

NWN2 interface. The original interface could be re-arranged by the user very easily through drag and 



drop. Unfortunately this was not appropriate in a teaching situation because if the learner accidently 

rearranged her interface, it no longer looked the same as the interface being demoed on the projector, 

resulting in much confusion. 

Suggested Feature Author Adventure Author Description 

Step back and look at 

the whole picture 

(Candy and Edmonds 

1995) 

Play testing and 

Comments Cards 

Enables designers to see the 

whole game from the 

players’ point of view and 

record discussion about it. 

Consult with peers and 

mentors 

(Shneiderman 2000) Comments Cards Designers can discuss their 

games with friends and 

teacher. 

To formulate problems 

as well as solve 

problems 

(Candy and Edmonds 

1995) 

Fridge Magnets/ 

and teaching 

approach 

Children should be free to 

choose what their games 

are about; Fridge Magnets 

supports thinking about 

ideas. 

Multiple alternative 

representations of 

domain problems 

(Hewett and DePaul 

2000) 

Conversation 

Writer 

Conversations can be 

viewed in play script form, 

as well as tree form. 

Make multiple 

representations 

simultaneous so they 

can be compared, 

tested and revised.  

(Hewett and DePaul 

2000) 

Conversation 

Writer 

Conversations can be 

simultaneously viewed in 

play script form, as well as 

tree form to enable learners 

to understand complex 

structures. 

Explore solutions using 

“what if” tools 

(Shneiderman 2000) NWN 2 toolset The Scratch Pad in 

conjunction with the game 

engine encourages children 

to try out possibilities. 

Compose artifacts (Shneiderman 2000) NWN 2 toolset The primary purpose of the 

software is to enable game 

authoring 

Review and replay (Shneiderman 2000) NWN 2 toolset The game engine enables 

this. 

Allow for flexible and 

tailorable working 

environment 

(Hewett and DePaul 

2000) 

NWN2 toolset The original toolset was 

highly configurable, but we 

reduced the flexibility to 

avoid confusion. 

Allow multiple 

configurations of tool 

to be saved and 

restarted 

(Hewett and DePaul 

2000) 

NWN2 toolset Again, multiple 

configurations in the 

original tool led to 

confusion among the 

learners. 

Functionality of entire 

CPSE easily available 

from anywhere within 

environment 

(Hewett 2005) All tools Fridge Magnets, My Tasks 

always running and 

accessible on system tool 

bar. Other tools easily 

accessible from NWN2 

toolbar. 

Table 1. CSS system design guidelines adopted in Adventure Author. 

 

4.3. Neverwinter Nights 2 

The designer creates the game using the Neverwinter Nights 2 (NWN2) toolset (see Figure 3) and tests 

it using the NWN2 game engine (see Figure 2).  



 
Figure 3. A screenshot of the NWN2 toolset. 

The toolset enables the designer to edit the terrain of their game area by sculpting 3D hills, valleys, 

lakes and rivers. It is also possible to edit the ground textures to depict pathways, grasses, flowers or 

snow. The current state of the game area is shown in the centre of the screen in a 3D preview. Another 

major feature of the toolset is blueprint editing. Characters, placeable objects, trees, sounds and items 

are instances of blueprints, and can be chosen from extensive libraries on the right hand side of the 

screen.  Characters act autonomously once the game is running and their behavior is governed by 

automatic rules from the dungeons and dragons role-play rule-set implemented within NWN2. Their 

appearance is configurable by the designer and they can be made to interact with the player using the 

Conversation Writer. Placeable objects are environmental decorations such as buildings, furniture, 

ships or sign posts. Items are objects which the player can pick up and use. Any blueprint can be 

rotated, edited, or deleted. A single area within a game can consist of many hundreds of blueprints; 

usually a high number of placeables and trees indicates a well crafted setting. Areas with many 

creatures are sometimes frustrating to play because the increased computation for the artificial 

intelligence lowers the performance of the game engine. A game can consist of multiple areas which 

are joined together by area transitions.  

4.4. Fridge Magnets 

Fridge Magnets (see Figure 4) was developed to support the problem finding stage of the creative 

process. According to the Geneplore model, generating ideas requires the ability to associate, combine, 

synthesise and transform ideas (Finke, Ward et al. 1992). (Starko 1989) also notes that participants who 

deliberately manipulated ideas – for example by combining existing ideas – were more successful. The 

software was designed to support these tasks by enabling the user to configure ideas spatially and 

associate them using colour codes.  

The interface metaphor is that ideas are stored on rectangular widgets which look like the sort of 

magnets used to decorate the door of a refrigerator. Ideas can be categorized and colour coded by the 

user. Users can scatter the magnets onto the magnet board (similar to the refrigerator door) and 

rearrange them in order to synthesize ideas about their games. Magnets are permanently stored in the 

magnet box at the right of the screen, and configurations of the board can be saved to view later.  



 
Figure 4. Screenshot of an example magnet board. 

4.5. Conversation Writer 

 
Figure 5. An example conversation. 

 



 
Figure 6. Overview of conversation structure. 

Screen shots of Conversation Writer are shown in Figure 5 and Figure 6. The user can write 

dialogue between multiple characters in a branching format, shown in the format of a play script. 

Action sequences, such as triggers for attacks or exchanges of property can be triggered for 

conversation lines. Dialogue lines can also be specified to be presented only under certain conditions, 

such as “if the player is carrying the magic sword”. The user can see an overview of the conversation 

structure in the form of a graphical dialogue tree at the bottom right of the screen (see Figure 6).  

4.6. Comments Cards 

 

 
Figure 7. An example Comments Card conversation. 

An excerpt from Comments Cards in shown in Figure 7. In this example, a child has reviewed the 

plot of the game which was created by one of his peers. He has rated different aspects of it with stars, 

and has written comments to justify his opinion. It is also possible to attach a screen shot of the game to 

illustrate the point he is making. The game designer has responded by agreeing to take his reviewer’s 

advice, and the teacher has commented on the constructive criticism skills of the reviewer. There is 

also an interface which enables teachers to enter criteria which the learners will use to assess each 

other. A set of criteria for assessing games at expert, medium and novice levels was developed by the 

Adventure Author team in conjunction with two teachers based on examination of games created by 

learners in a summer school workshop.  



5. A School Based Field Study 

5.1. Overview 

The field study was conducted with a primary seven class in a state funded primary school in East 

Lothian, Scotland. The class teacher wished to try the Adventure Author software to support a cross-

curricular project in fantasy literature themed around the novel The Hobbit by J.R.R. Tolkien. She 

chose to spend most of the class time for a six week period on this project, although there were also 

regular timetabled slots for maths and P.E. The class consisted of twenty five 11 -12 year old pupils, 11 

girls and 14 boys. The project ran from 14
th

 April to 26
th

 May 2008, during which time the class teacher 

used the Adventure Author software at her discretion. A suite of ten Windows Vista Dell gaming 

laptops was lent to the school for the duration of the project. The pupils used the laptops individually, 

usually at the same time as another small group of pupils. While some pupils used the laptops, their 

peers worked on other project related tasks with their teacher, including vocabulary exercises, 

discussion, brainstorming, story writing, drawing, craft work, and individual reading of fantasy novels. 

The Adventure Author research team assisted on six occasions to introduce new features of the 

software or trouble shoot. The educational researcher on the team, a specialist literacy advisor and 

former teacher, led sessions on using Fridge Magnets (once), using the Conversation Writer (twice) and 

using Comments Cards for peer review (once). A blog of the project written by teacher and pupils can 

be found at http://edubuzz.org/blogs/campiep7b/2008/. 

Qualitative and quantitative data was gathered during the project in the form of observation notes, 

log files, evaluation forms and copies of the children’s games. Table 2 summarises the research 

questions which the study was designed to answer. The overall aim was to develop a deeper 

understanding of the creative process used by game designers in the classroom, in order to be better 

able to support learners in the future. Some research questions relate to learning behavior within 

particular phases of the proposed creative process (problem finding, problem solving and external 

validation), while others relate to the patterns of transitions between phases. This was approached using 

a mixture of analysis methods. The automatic log files generated by the software are extremely useful 

for capturing low level interface actions which can then be abstracted and sequenced into higher level 

patterns. While it is labour intensive to write the code which performs automatic analysis of these log 

files, it has a high pay-off because it makes subsequent analysis of future field studies very quick. A 

drawback of the log file data is that it cannot be used by itself to distinguish between problem solving 

and exploratory behavior in tasks such as working with blueprints and terrain – additional information 

about the author’s intention is also required which can only be gathered through other means such as 

think-aloud, interview or observation.  Log file data is for the most part naturalistic because it records 

the children’s choice of activity unprompted by adults. However, this is not the case for data on the 

initial Fridge Magnets and Comments Cards sessions because these new software features were 

introduced by the researchers on particular sessions. This means that the data is not naturalistic in 

transitions relating to the problem finding and external validation phases; this was unavoidable because 

the learners needed instruction on how to use these tools at appropriate times and it was not possible to 

cover all features in the initial session. It is possible, though, to gather useful data on the learners’ 

behavior within the problem finding and external validation phases by qualitatively analyzing the files 

saved by Comments Cards and Fridge Magnets and comparing these to the game files produced by the 

learners. This manual analysis, though informative, is extremely time consuming, and can be 

subjective. The analysis of the class’s behavior is useful for understanding the creative process in 

general across multiple learners. This can be augmented by case studies of particular learners who 

show productive or less productive behavior in order to develop advice which can be useful to 

educators in the future. 

 Research Questions Stage Data gathered Analysis method 

1 How long did the learners use 

the software and what 

proportion of time was spent in 

each activity? 

Overview Log files Automatic 

analysis of log 

files 

2 How did the learners react to 

using the Fridge Magnets 

software? 

Problem finding Questionnaires, 

observation 

Summary of 

qualitative data 

3 To what extend did the Problem finding Log files Automatic 

http://edubuzz.org/blogs/campiep7b/2008/


learners revisit their Fridge 

Magnets throughout the 

project? 

analysis of log 

files to look for 

Fridge Magnet 

usage 

4 To what extent did the ideas 

from the Fridge Magnet 

sessions get incorporated in 

the learners’ games? 

Problem finding Fridge Magnet 

and game files. 

Manual checking 

ideas against 

content in saved 

game files. 

5 What sort of feedback did the 

play testers give?  

External validation Comments cards 

files 

Thematic analysis 

in NVivo 

6 How did the authors respond 

to the feedback? 

External validation Comments cards 

files 

Thematic analysis 

in NVivo 

7 Did the authors act on the 

plans made in peer review 

sessions? 

External validation Comments cards, 

game files, log 

files 

Manual check of 

game files and 

log files against 

advice from 

Comments Cards 

8 To what extent do the learners 

edit their work? 

Problem solving/ 

internal validation 

Log files Automatic 

analysis of log 

files for adding, 

deleting and 

editing actions 

9 What patterns of editing 

behaviour take place across 

sessions? 

Problem solving/ 

internal validation 

Log files Automatic 

analysis of log 

files for adding, 

deleting and 

editing actions 

session by session 

10 Are the predicted transitions 

between stages in the model 

found in learners’ behaviour? 

All stages Log files Sequential 

analysis using 

GSEQ 

11 What do patterns of behaviour 

in individual learners tell us 

about productive creative 

behaviour in this domain? 

All stages Log files, game 

files, observation, 

expert opinion. 

Case study 

analysis 

Table 2. Summary of research questions. 

5.2. Research Question 1: Descriptive statistics 

Adventure Author was used on eighteen days during the project. The users spent on average 5.8 

hours using the software (SD= 58 minutes due to absences and inevitable classroom scheduling 

variations). The largest proportion of time (mean = 26%, SD = 8.89%) was spent working with 

blueprints. This means adding characters, plot items and placeable objects such as houses or castles to 

the game level. The next most common activity (mean 21%, SD = 11%) was making conversations. 

Here the children were writing dialogue for the characters to say during the game. There is quite a high 

variance for conversation time; some of the girls spent up to 50% of their time writing dialogue, 

whereas some boys spent less than 10% of the time on it. The users spent on average 22% (SD = 15%) 

of their time game testing which refers to playing their own game to see whether it worked as intended. 

An average of 17% (SD = 22%) of users’ time was spent on working on terrain: this refers to creating 

or changing the landscape of the game by adding water, hills and other features. Using Fridge Magnets 

to work on ideas and giving constructive feedback to peers using Comment Cards were less frequent 

activities (mean = 6% time for both with SD of 3% and 7% respectively). This is unsurprising, as the 

process of implementing an idea generally takes longer than conceiving or evaluating it in the domain 

of game making. Comments Cards were introduced at the end of the project, and were only used for 

one session.  

 



Figure 8. Pie chart of time spent in game making activities. 

5.3. Research Questions 2-4: Evaluation of Fridge Magnets 

After a verbal discussion about the children’s game ideas, one of the researchers demonstrated how to 

use the Fridge Magnets software and instructed the children to use the Fridge Magnets to record their 

ideas for their game. She encouraged them to write an idea in each of the Fridge Magnet categories 

(plot, characters, quest, setting, dialogue, items and other) so that they would think about all aspects of 

the game. Once they had finished working on ideas generation, they were free to work on their games 

on any activity they wished. They spent around twenty minutes brainstorming on average. 

Data was gathered on the children’s opinions of Fridge Magnets in the form of qualitative 

questionnaires. Their teacher also asked them to write comments on the class blog after the Fridge 

Magnets session (see http://edubuzz.org/blogs/campiep7b/2008/04/17/fridge-magnets/). The children 

found the software easy to use, simple and clear. Some of their comments were as follows: “I thought it 

was really fun for mapping ideas”, “Very helpful and a good place to store ideas” and “I think it will 

help you remember stuff that you would normally forget”, “It's very cool! It helps you get all the ideas 

you have bubbling in your brain out”.  None of the learners were negative about the software, although 

one boy did remark that “It was OK although not the best thing we have done so far”. The only 

usability issue to emerge was that the children requested more room to write on the magnets to record 

long ideas.  

Analysis of the log files revealed that most of the children did not return to the Fridge Magnets 

after the initial session; only 32% of the children revisited the Fridge Magnets software on subsequent 

occasions. Of these, only three of the children edited or revised the magnets. The others simply viewed 

them, suggesting that they were reminding themselves of previously recorded ideas. Further analysis of 

the content of the magnet boards in comparison to the games created by the children was conducted in 

order to establish how many of the ideas were incorporated into the game. For each child, a count was 

made of ideas which were classified as being implemented completely, being partially implemented, or 

not technically possible. The average number of ideas attempted (either partially or wholly 

implemented) was 63% across the class. Four of the learners attempted to implement all of their ideas, 

while for two there was no evidence that they attempted to implement any of their initial ideas. 

It is difficult to interpret these results. It could be argued that the fact that the majority of the 

children did not return to view or edit their magnets after initial brainstorming suggests that they did 

not return to the problem finding phase once they began problem solving. This in turn might indicate 

http://edubuzz.org/blogs/campiep7b/2008/04/17/fridge-magnets/


that their ideas were fixed early in the project. However, the counter argument it is that it not necessary 

to launch the Fridge Magnets software to change an idea; one can mentally change an idea without 

updating the external representation. For some children who find writing text tedious or difficult, 

keeping the magnets up to date could be daunting. The fact that on average two thirds of the children’s 

ideas were followed through indicates that the Fridge Magnets session was useful as a planning 

method. For the ideas which were not attempted, it is not possible to tell from the current data whether 

this was due to lack of time, or revision of initial ideas. 

Two case studies give further insight into the usefulness of the Fridge Magnets. Child C 

particularly enjoyed working with the Fridge Magnets on the initial session and was pleased with the 

creative story ideas he came up with (Figure 9). He managed to implement only 40% of these ideas in 

the rest of the project. However, this does not mean that the brainstorming session was not valuable for 

the learner in terms of his confidence and 

imagination.

 
Figure 9. Child C's magnet board. 

 

Child T had unusual behavior with the Fridge Magnets in that she decided to launch the magnets 

on one of the last days of the project and used them for fifteen minutes to prepare ideas for a story she 

was writing in class (see Figure 10). Throughout the project she enjoyed brainstorming and came up 

with several creative and amusing ideas. Her story planning session with the Fridge Magnets appears to 

have been useful as a tool to help her organize and elaborate her thoughts. 

 
Figure 10. Child T's magnet board. 

 

In summary, there is evidence that Fridge Magnets were useful and enjoyable to the children as a 

one off brainstorming session. It does not appear to be the case that the learners in general used this 

tool as a way of recording revisions to their ideas as the Adventure Author designers intended. The use 

of Fridge Magnets was not incorporated throughout the creative process, but this may simply be 

because the children preferred to work on their games directly rather than keep their ideas 

representations up to date. 

5.4. Research Questions 5 – 7: Evaluation of Comments Cards 

There was only one session for peer review, which came two sessions before the end of the project. 

This was due to time constraints. The average amount of time spent completing Comments Cards 

forms was 14 minutes. Two of the researchers modelled the sort of interaction which should happen 



between play tester and designer: the tester should play the game without intervention from the 

designer. Designers could answer specific questions from testers, but their focus was on looking for 

unanticipated behaviour on the part of the user while playing the game. In such circumstances, the 

tester will choose to take a different route through the area, or make a different choice in the 

conversation than the designer was expecting. Designers were asked to make notes on problems which 

occur and start thinking about how they might solve them during the testing. After testing was finished 

(perhaps after 10 minutes of play), the tester completed the Comments Cards form and the designer 

responded. The designer and tester then swapped roles. 

The peer assessment criteria used in the Comments Cards sessions were developed by the expert 

teacher on the project. The following headings were included: “what you liked about the game; what 

else was good; what needs further work in the game; ratings for area design; storyline and playability. 

There was a section for the author to respond with the questions: how far did you agree with the tester; 

I was surprised that ..., I was pleased that..., I will now make the following changes...” 

 

5.4.1. Quality of peer reviewing 

The testers thought highly of the games: the average numbers of stars were 4.09 out of 5 for area 

design, 3.59 out of 5 for storyline and 3.7 out of 5 for playability. 

The testers were mostly provided constructive, supportive feedback (e.g. “Great terrain, brilliant 

layout” or “I love the rural design”). Some of them were able to give specific suggestions such as 

“Delete some trees so I can move around” or “Put in a sign to give instructions”. Four testers only gave 

quite vague feedback which may be difficult to respond to such as “[What needs further work in this 

game?] the storyline”. Some comments and suggestions demonstrated an understanding of game 

design, such as “it is really easy to use 'cause of the pathway design. It shows you where to go and she 

has some signs!” This tester had evidently been listening in class discussions where the researcher 

talked about how to support the player, and was able to recognise a good example when she saw it. 

The testers most frequently criticised the lack of storyline (often lack of conversation specifically), 

or confusion about what the game was about. Some commented on the lack of detail in the 

environment (such as the area needing more buildings) and some complained that they could not 

complete the game due to being killed by too many monsters: “I respawned FIVE TIMES!!!! It was 

very hard to get off the starting point!” Often they took great care not to hurt their designer's feelings, 

cushioning their critical comments with more positive statements: “great but room for improvement in 

finding the sword” or “You could maybe have put a little tiny bit more info on the quest and storyline 

but apart from that Great!” There were no instances of rude, offensive or demoralising comments. 

5.4.2. How the designer responded 

The designers demonstrated a noticeable degree of maturity in the face of their testers’ criticism. 

The average number of stars indicating “how far you agree with your tester” was 4.29 out of 5. There 

were 17 instances where the author agreed with the tester (sometimes on individual categories, 

sometimes overall), and a further 7 instances of partial agreement such as “I agree with <name> in a 

few of the things like that I need more buildings”. In agreeing with the tester, the authors often wrote 

that the comments were “fair”. Occasionally the authors acknowledged that the tester had correctly 

identified a short coming in the game, but gave a reason for it e.g. “I did have a sign but due to a glitch 

it disappeared”. The authors frequently explicitly thanked their tester e.g. “thank you for being honest!” 

(15 instances) and occasionally apologised for problems they encountered in the game e.g. “Sorry for 

the killing, I will try to change this”. An example of a particularly supportive exchange was the 

following: 

Tester: [What needs further work in this game] Maybe some signs. That would help. 

Designer: I will see what I can do 

Tester: You will do great! 

The teacher commented about this pair “You have worked really well together and have provided 

useful and fair feedback. Very mature work!” 

There were some cases where the author did not agree with the tester. On five occasions, the 

designer disagreed with the tester and stuck to his own point of view. In one case, a girl (quite 

justifiably according to our observation notes) took exception to her (male) tester’s complaint that he 

didn’t understand the storyline. She wrote “I think you only didn’t understand the storyline because 

you attacked all the people trying to tell you information and you didn’t listen to the people trying to 

talk to you.” In another case, there was clearly a difference in opinion about whether traps made for a 

fair game. The tester thought traps were unfair, and the author responded “Why do you hate traps, just 



because they killed you?” The teacher highlighted the issue by writing “This is an interesting issue - 

you, as designer like traps, but this player does not. What should you do?” In fact, the author 

compromised by deleting some traps but keeping others. 

Interestingly, there were five instances where the author disagreed with the tester because she had 

a lower opinion of her own game than the tester. One author noted “I was pleased that she thought my 

scenery was good because I think the scenery is quite confusing”. Another explained she was surprised 

that her tester “did not rate it lower. If I was in his shoes then I would have rated my game a lot lower 

than what he has rated it”. Here the teacher advised the pupil that she was being hard on herself saying 

that “It’s good to be aware of faults but don’t be frightened to give yourself credit too”. 

How did the authors decide to act on the advice? Only one pupil specifically asked his tester 

exactly what he should do, and one decided to take the advice of the teacher’s comment rather then the 

tester’s comments. There were eleven instances of specific plans made by authors – i.e. actions which 

could be carried out in the toolset, rather than vague ideas such as “making my story better”. An 

example of a specific plan is “delete some enemies and make another ally”. Sometimes the author was 

able to solve a problem identified by the tester or make a counter proposal to fix the problem “Instead 

of deleting trees I could put a path through them”. In one unfortunate case, the author over interpreted 

her tester’s advice and would have taken action which would have made her game worse if the teacher 

had not intervened. In fact, the tester’s comment was quite sophisticated “How do I know whether I can 

trust the characters?”  The author answered “I agree that the characters didn’t have clear 

personalities...[I will] make the villagers have more distinctive personalities”. The teacher commented 

that the author had created “very interesting dialogue” and that it “takes the story forward really well”, 

and the author did not spend much time working on conversations in the subsequent sessions. 

5.4.3. Did authors act on the advice? 

The previous analysis has indicated that the authors could formulate plans based on the advice 

given by teachers or testers. But did they actually make the changes they proposed?  The analysis 

performed to answer this question is as follows: for each author who got specific feedback, and had 

enough time to respond (21 authors), the games and log files were checked by hand to see if the authors 

had taken the advice. It was recorded whether they took the tester’s advice, took it partially, followed 

their own plan, or followed their own plan partially, or did neither. Eight out of 21 followed their plan 

completely, while 11 out of 21 (52%) did some of their plan. Ten out of 21 followed the reviewer’s 

advice completely while 14 (67%) did so partially. In total, 76% of the pupils took action in future 

sessions which corresponded to actions noted on the Comments Cards. It is worth noting that for some 

pupils a week elapsed before they had the opportunity to respond to comments, and that none of the 

children reviewed their Comments Cards before continuing with game making on subsequent sessions. 

5.4.4. Comments Cards Discussion 

The pupils showed themselves to be accomplished peer reviewers. Their teacher explained that 

they were used to such exercises as part of classroom life. From the researcher’s point of view, it was a 

contrast to peer review sessions in either a classroom of younger children, where the comments tended 

to be short and not very helpful, or informal holiday workshops with older children where 

unconstructive arguments often ensued. Given these other differences in age and the learning 

environment, it is not possible to claim that it is the introduction of Comments Cards which has 

resulted in this good peer review work. However, it is possible to say that when used in a supportive 

“assessment is for learning” style class environment, Comments Cards can result in high quality peer 

feedback from reviewers which is appreciated by the authors. It also supports authors to use the 

feedback to form plans to improve their own work. As ever, the teacher’s contribution to the use of the 

software is highly important; the teacher comment facility enabled the teacher to intervene in cases 

where the peer feedback was less useful, offer suggestions of priorities and generally motivate the 

children. 

 It is encouraging that 76% of the designers followed up on the feedback in some form. In an 

appropriately supportive environment, Comments Cards can support authors in formulating and 

carrying out plans to improve their work, and responding to peer comments appropriately.  

For the future, Comments Cards could be improved to help the authors make more effective use of 

peer review. For those authors who did not follow up on the peer reviews plans, one simple possibility 

would be to remind them of peer review suggestions on the session immediately after using Comments 

Cards. A technically more problematic approach would be to automatically monitor authors’ activities 

and remind them if they have not yet carried out their plan.  



5.5. Research Questions 8 and 9: Editing Behaviour 

The game author’s editing behaviour is of interest because it indicates the extent to which they 

engaged in a process of goal directed iterative refinement. Although one might expect authors to spend 

time in the initial exploratory phase simply adding new blueprints to the game, as the project 

progresses authors should begin to refine their game by editing and deleting some aspects. This would 

take place in iterations between the problem solving and internal validation phases. (Sharples 1999) 

found that the behaviour of revising text was more evident in skilled writers than in novices who tend 

to focus on generating text; by analogy more skilled game authors revise their games as well as 

generating new content for them. 

Three categories of editing activity were considered: adding, editing and deleting. Adding is when 

game authors put something new into their game, such as a new blueprint object like a monster, or a 

new conversation or line of dialogue within a conversation, a new idea on a fridge magnet, or a new 

reply to a Comments Cards discussion. Editing is when the child goes back to change the properties of 

a blueprint, or alter a line of dialogue, or the writing on a fridge magnet, or peer review remarks in 

Comment Cards. Deleting is when an author removes a blueprint, or an idea, a line of dialogue or a 

Comments Card comment completely. One would expect that if an author is making forward progress 

on her game, editing and deleting to be relatively less frequent than adding. 

Figure 11 shows the mean time spent in each editing behaviour across the class as a whole, across all 

the sessions when they used Adventure 

Author.

  

Figure 11.  Editing behaviour across all class members. 

On average, the children did spend most of their time adding things to their game (72%), but there 

is also evidence that they revised their game by editing (13%) and deleting (15%).  



It is useful to consider how the editing cycle works across sessions. Do the children spend one 

session making a game and the next editing it? This might be equivalent of writing a first draft of a 

story and then returning the next day to make changes to it. If the authors adopted a waterfall model 

where the internal validation stage took place strictly after the problem solving phase, the number of 

edits would increase as the project progressed. In fact, this is not the case as the graph below shows. 

 

Figure 12. Mean time on editing behaviours across sessions. 

Figure 12 shows that in the average case, the children tended to add, edit and delete in every 

session
4
. On May 19th the children used Comment Cards and so edited their comments and replies to 

each other, which explains the increase in edits for that session. It seems that the children were going 

through quite tight create-test-revise cycles within single sessions.  

5.6. Research Question 10: Analysis of the Creative Process 

This section focuses on analysis of the log files which were automatically generated by Adventure 

Author to record each action taken when using the user interface. This resulted in 250,000 events 

tagged by event type and time stamped, taken from all sessions by all authors. The log files were 

parsed by a Java program and a MySQL data base of events was constructed. Data base queries were 

used to count frequencies of event types and the JFreeChart API and the Graph Viz tool were used to 

produce bar, pie and state charts of the data.  

Sequential analysis of the log file data was carried out using the GSEQ analysis software and the 

methods advised in (Bakeman and Gottman 1997). The log file data for every session for each user was 

converted to event sequential data in the SDIS format. The log file data consists of a series of 

exhaustive, mutually exclusive time stamped codes representing actions carried out using the game-

making tool. Although the log file data records specific interface events, these were abstracted into 

higher level categories for analysis purpose: those relating to work with Fridge Magnets, constructing 

content for a level using blueprints, terrain editing, writing conversations, testing the game and working 

on peer evaluation worksheets in Comment Cards. For the purpose of the event sequence file, the data 

was filtered to remove repetition of the same consecutive event. In this form the events can essentially 

                                                           
4
 It is not clear why there is a 1 minute session on April 29

th
. The most likely explanation is that a 

session was started but quickly interrupted. 



be considered as states (such as the state of “writing conversation” followed by the state of “testing a 

game”). This reduces the volume of the data set considerably and prevents interface actions which can 

be accomplished very quickly and occur with high frequency (such as adding a blueprint) from 

swamping events which take longer to accomplish and occur with lower frequency (such as typing a 

line of dialogue). Interface events not related to the game making task such as opening or closing files 

were filtered out. Events relating to peer review were also filtered out of this analysis, because they 

were recorded from a teacher initiated session at the end of the project during which most children ran 

out of time. They are not considered part of the children’s routine behaviour because there was 

insufficient time for them to choose another activity to work on that session or return to the peer review 

activity on another occasion. Two analysis methods were used: a) one in which the data from each user 

was considered separately, and b) one in which the data from all users was pooled together. Although 

Bakeman and Gottman (1997;142) mention that psychologists do not tend to pool data across subjects 

because of the worry that the contribution from some individuals will distort the data, in fact this 

method was used in analysis of the writing process of young learners by (Klein 2000). Klein’s work is 

analogous to this study in the sense that it was investigating transitions in phases during a creative 

process, although in a different domain. However, a procedure for considering the users separately was 

also used, as suggested by Bakeman and Gottman (1997;143). For each user, for each transition of 

interest, Yule’s Q (a variation of the odds ratio which can be used as a measure of effect size for 

conditional probabilities) was computed. The proportion of users with a positive Yule’s Q result was 

then calculated. In practice, the results from these two methods indicate the same patterns, as shown in 

Table 3. 

 

Figure 13 contains a state transition diagram illustrating the common patterns of user behaviour in 

moving between different game making activities. This was drawn using the data pooled across all 25 

users. The numbers on the links between states indicate the conditional probability that the user will 

move to the second state given they are currently in the first state. By convention, to simplify the 

diagram, only transitions with a significant positive probability over 0.3 are shown. Probabilities 

marked with ** are significant at p < 0.001 and those with a * are significant at p < 0.05. For example, 

the arrow between conversation and game indicates that 30% of the time, a child who is working on 

conversation will then proceed to test her game. This value is higher than expected by chance alone. 

 
Figure 13. State transition diagram of game making activities. 

It can be seen that blueprints are at the heart of the game making activity in the sense that all of the 

other states commonly lead to it. This is possibly because it is a relatively easy activity in comparison 

to more difficult tasks such as writing dialogue. It is also an activity which the children spend a lot of 

time on, as discussed above. There appears to be a pattern of looping between working on terrain and 

blueprints, as one might expect as the activities are related to sculpting and populating the landscape of 

the game and both refer to the visual appearance of the resulting product. There is also a transition 

between conversation writing and testing the game, which indicates that the users often want to try out 

their interactive conversation choices in the game engine. 

 

Phase change Specific 

transition 

a) Proportion of 

users with 

b) Conditional 

probability 

pooled over all 

b) P value of 

conditional 

probability 



positive Yule’s Q users pooled over all 

users 

Problem finding to 
problem solving 

Magnets -> 
blueprints 

48% 0.633 0.0045+ * 

Magnets -> terrain 20% 0.233 0.7164- 

Magnets -> 

conversation 

4% 0.100 0.3085-  

Problem solving to 

internal validation 

Blueprint -> game 60% 0.175 0.0037+ * 

Terrain -> game 16% 0.078 0.000- 

Conversation -> 

game 

72% 0.306 0.000+ ** 

Internal validation to 

problem solving 

Game -> blueprint 84% 0.704 0.000+ ** 

Game -> 

conversation 

4% 0.017 0.000- 

Game -> terrain 12% 0.083 0.000- 

Table 3. Results of sequential analysis of game log files for 25 users. 

Table 3 summarises the results of the sequential analysis which was conducted to evaluate aspects 

of the creativity model, specifically, the transitions between the phases of problem finding to problem 

solving, problem solving to internal validation and internal validation to problem solving. The + and – 

signs after the p-values indicates the direction of the effect. A * indicates values which are significant 

at p < 0.05, and ** indicates those which are significant at p < 0.001. The results show some support 

for the predicted transitions from the problem finding to problem solving phases. Users were more 

likely to move from brain storming with the fridge magnets software to populating their game with 

blueprints than would be predicted from chance alone. However, as some of the users were working on 

brain storming until the end of the allocated session, this may not be an indicator of user behaviour 

with unconstrained time.  

There is good support for the predicted transitions from the problem solving to internal validation 

phases. A high proportion of the users (72%) moved from working on conversations to testing their 

games more often than expected by chance. This result is confirmed by the significant conditional 

probability of this transition when the data from all users is pooled together. Similarly, a high 

proportion of users were likely to move from making blueprints to testing their games than expected by 

chance (60%), and this result is also significant. 

There is good support for the predicted transitions from the internal validation to problem solving 

phases. 84% of the users went from testing their games to working on their blueprints more often than 

expected by chance, and this transition is also significant when the result is pooled over all users. The 

transition from game testing to working on conversations occurred infrequently, and has a negative 

significant effect. This result was unexpected, based on field observations. Scrutiny of the log files 

revealed that the users did in fact work on conversations after testing their games, but that they 

accessed the conversation files by clicking on the blueprint of a character first (one of two possible 

methods for opening a conversation file). The analysis was repeated for lag = 2, which means that the 

transition sequence “game testing -> X-> conversation writing” was tested, where X is any other game 

making state. At lag = 2, there was a significant effect for this transition (conditional probability = 

0.09; p < 0.001), and 64% of the users did this more frequently than expected by chance alone, thus 

confirming the pattern of behaviour observed during the study. 

5.7. Research Question 11: Case Studies 

While it is useful to quantitatively confirm that patterns of behaviour predicted by the creativity 

model do occur in the classroom, insights from case studies can lead to a deeper understanding of the 

behaviour of users with different approaches and abilities. This can, in turn, lead to improvements to 

the design of the software and advice for teachers who wish to work with creative projects of this kind. 

The following three brief case studies illustrate different patterns of user behaviour with respect to the 

transition between problem solving and internal validation. Each case study contains data triangulated 

from qualitative analysis of the user’s game by a literacy specialist, classroom observation and log file 

analysis session by session across the project.  

Child C: Side-tracked by gaming. Child C is a boy who has difficulty reading, and so his teacher 

was pleased that during the project he became very interested in The Hobbit story. He particularly 



enjoyed his session using the Fridge Magnets, and was proud of the ideas he had. However, the game 

he produced was not very well developed, containing fewer blue prints than the other games, and his 

conversation word count is much lower than average (53 words compared with average 283 words). 

Child C worked on conversations regularly (every second session) but spent only 14% of his time 

overall writing dialogue (compared to 21% average). He spent 55% of his time testing his game 

(average 22%) and although the log files reveal that there are some game testing sessions where he did 

test out conversations, observation confirms that he spent long periods just fighting the monsters he put 

in his game. It appears that Child C could have spent his time on the project more effectively by 

spending less time playing his game. There are several indicators of this behaviour which the 

Adventure Author software could use in the future to detect similar patterns and encourage the user to 

redirect his efforts. For example, a high proportion of time spent game testing could trigger Adventure 

Author to suggest an alternative activity, and given the low word count in his conversations, a suitable 

alternative in this particular case would be working on dialogue. 

 
 

 

Child C Child K  

Figure 14. Time spent in game making activities for Child C and Child K. 

 

Child K: Story writer, not game maker. The case of Child K is interesting because although the 

class teacher was pleased with improvements in her traditional story writing skills in this period, the 

literacy specialist on the project noted that her game is incoherent, and closer to a traditional story than 

a game. In her opinion, Child K’s lack of experience in playing games is apparent in the dialogue 

heavy game she produced; she has not grasped the conventions of the medium. This is reflected by the 

log file analysis – she spent 32% of her time writing conversation (compared to 21% average) and 13% 

of her time on game testing (compared to 22% average). In nine sessions out of sixteen, she did not test 

her game, and she worked for as long as four sessions in a row without testing. Thus, this user was not 

taking into account how the game would work from the point of view of a user as much as some of her 

peers, which might explain why the result was incoherent. Adventure Author could in the future be 

improved to detect cases where users have a low proportion of game testing, and suggest this activity 

perhaps on the third session in a row where the user has not tested their game.  

Child S: Regular and effective tester. Child S is a keen gamer. The educational researcher noted 

that he has a very good area design and has effectively used some of the technically more difficult 

features of Conversation Writer (conditions and actions). He did not produce very much dialogue (184 

words) and spent only 12% of his time on it; this may be due to his preference for a more action based 

genre. He has 46% of his time testing his game, but in the view of the literacy specialist, this time was 

spent usefully in improving his game. This raises the question of whether it is possible to distinguish 

his productive testing behaviour from Child C’s less productive pattern from the log files. In fact, this 

is possible using these indicators: the duration of tests; the frequency of tests within a session, and 

editing activity immediately after tests. Child S often did several iterations of working on blueprints 

and terrain, testing the game, then deleting blueprints within a session. As he did not engage in combat 

and conversation during the game tests very frequently, this suggests he was exploring to see what the 

area looked like and then refining it again in the toolset by deleting aspects he did not like. In the 

future, Adventure Author could praise successful testing behaviour of this kind, and by showing the 

profile of time spent in each activity to the teacher, the teacher could then make a decision as to 

whether users with this pattern of activity would benefit from focusing on particular activities, such as 

refining conversations.  



 
Figure 15. Time spent in game making activities for Child S 

These case studies give a brief illustration of how matching the behaviour patterns of an individual 

with the quality of the final product can be used to derive rules for diagnosis and advice in Adventure 

Author.  

6. Discussion and conclusion 

 Research Questions Stage Answer 

1 How long did the learners use 

the software and what 

proportion of time was spent in 

each activity? 

Overview Mean 5.8 hours.  

Conversation: 22% 

Fridge Magnets 6% 

Game testing 22 % 

Blueprints 26% 

Terrain 17% 

Peer review 7% 

2 How did the learners react to 

using the Fridge Magnets 

software? 

Problem 

finding 

Learners enjoyed using the software and 

reported only minor usability problems 

3 To what extent did the learners 

revisit their Fridge Magnets 

throughout the project? 

Problem 

finding 

Only 32% of learners revisited their Fridge 

Magnets after the initial session, and 

mostly to view the ideas. 

4 To what extent did the ideas 

from the Fridge Magnet 

sessions get incorporated in 

the learners’ games? 

Problem 

finding 

An average of 63% of the ideas recorded 

in Fridge Magnets were incorporated into 

games. 

5 What sort of feedback did the 

play testers give?  

External 

validation 

Play testers offered constructive, 

supportive feedback. 

6 How did the authors respond 

to the feedback? 

External 

validation 

Authors responded maturely to the advice 

and made plans to alter their games based 

on discussion of the feedback. 

7 Did the authors act on the 

plans made in peer review 

sessions? 

External 

validation 

Yes, 76% of pupils took action on the 

plans developed in the peer review 

sessions. 

8 To what extent do the learners 

edit their work? 

Problem 

solving/ 

internal 

validation 

On average 72% of time was spent adding 

new material, 13% editing, and 15% 

deleting. 

9 What patterns of editing 

behaviour take place across 

sessions? 

Problem 

solving/ 

internal 

validation 

Creating and editing takes place within a 

single session. Tight create-test-edit loop. 



10 Are the transitions between 

stages in the model found in 

learners’ behaviour? 

All stages Good support for: problem solving to 

internal validation, internal validation to 

problem solving. 

11 What do patterns of behaviour 

in individual learners tell us 

about productive creative 

behaviour in this domain? 

All stages Confirms that regular but directed testing 

is productive, but that too much time spent 

in simply playing the game is counter-

productive. 

 

Observations and discussions with the teacher during the school field study indicated that Adventure 

Author was well received by pupils and teachers. Discussions with the children’s parents who were 

invited to the final session of the project suggested that the parents appreciated that the children had 

learned a lot from taking part and were impressed by what they created. The children spent 

considerable time working on their games, and were motivated by this task. They enjoyed working on 

other creative activities such as story writing and crafts as part of the project. With this in mind, it is 

important not to lose sight of the creative project as a whole by only focusing the lens of the analysis 

on behavior which is easily captured in log files. In future work, interviews with learners and teachers 

would give some insight into the stages of the creative process which are not accessible through 

software logging. 

Evaluation of the Fridge Magnets and Comments Cards features indicate that they are useful 

educational tools for the problem finding and external validations phases of the creative process. 

Although the learners did not tend to revisit their initial ideas in subsequent sessions, many of their 

ideas were implemented in the final game. This suggests that the children were able to remember their 

ideas after the initial planning stage to some extent. The learners found the Fridge Magnets easy to use 

and commented favourably on its suitability for helping them to record their ideas.  

 

Sequential analysis of log files confirms that patterns of behaviour predicted by the model of the 

creative process do occur in the classroom. Specifically, there is good support for the predicted 

transitions between problem solving and internal validation and vice versa, suggesting that users do 

indeed take an iterative approach to drafting, reviewing and refining their work. This is confirmed by 

the evidence of editing behavior which indicates that there is a tight loop between building, testing and 

editing games throughout the project. This is in contrast to Lubert’s (1994) finding in which writers 

who were prompted to evaluate their writing early, rather than during (or towards the end) of the 

writing session produced more creative output. This may be because the technical nature of the game 

authoring task requires more frequent validation to uncover problems which may form a flawed basis 

for further developments.  

There is some support for the transition between problem finding and problem solving although as 

only around one third of the users returned to use the Fridge Magnets after the initial session, this is an 

area where teachers and Adventure Author itself can assist by encouraging learners to spent time 

generating and reviewing ideas. Patterns of behaviour relating to external validation were not studied 

using sequential analysis because Comments Cards was only used at the end of the project, and the 

children ran out of time at the end of this session. Transitions between exploration and problem solving 

and exploration and problem finding were also not possible using sequential analysis because it is 

difficult to establish from log files alone whether activities within the toolset are exploratory or directed 

towards a task. However, this issue can be examined in the future through analysis of observation data 

on the first couple of sessions in the project because the children’s remarks about their intentions and 

ideas for the game are often revealing in this respect. 

Although the creativity model indicates the likely transitions and iterations between phases, it does 

not address the frequency or regularity of iterations, or proportions of time which might be helpful to 

spend on each phase at different stages in the project. Case study analysis has given some insight into 

how aspects of the successful (or not so successful) games created by individual children relate to the 

process which they used to create them. By analysing the regularity of transitions between problem 

solving and internal validation (in particular between writing conversations and testing the game) in 

combination with studying the resulting games, it is possible to find markers or productive and less 

productive behaviour which can be used to improve the design of Adventure Author. In the future 

Adventure Author can use data relating to the frequency of testing within and between sessions, and the 

proportion of time spent in each activity to guide and encourage the children into a more effective 

game making process. This could be of benefit to teachers in two ways. Firstly, enabling them to view 

graphs representing the proportion of time their pupils have spent in various activities will enable them 

to detect children who need remedial help, or need prompted to spent time in more productive ways. 

Secondly, given that supporting a whole class in such a complex task is extremely demanding, help 



from Adventure Author in nudging children into more productive behaviour patterns would reduce the 

load on the teacher. Perhaps the most important contribution of this work from a teacher’s perspective, 

however, is the model itself. It illustrates the process the children will go through when making games, 

and in conjunction with the Adventure Author teaching materials, suggests classroom activities which 

would be suitable at each step. The model, which emphasizes the importance of playful exploration, 

communication and refining and redrafting work in creative projects, highlights the need for flexible 

and student centred teaching approaches.  
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