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Abstract 

A highly important part of software engineering education is requirements collection 

and analysis, arguably the most important stage of the Software Development 

Lifecycle.  No other conceptual work is as difficult to rectify at a later stage or as 

damaging to the overall system if performed incorrectly.  It is suggested that the use 

of lectures and courseworks on a typical software engineering courses fail to 

adequately prepare graduates about key software development processes and that 

more novel approaches are required to address shortcomings of traditional 

approaches.   

 

Games-based learning (GBL) may be a suitable approach to address some of the 

problems associated with traditional approaches to teaching requirements collection 

and analysis as it is perceived as a highly engaging approach for learning at a 

supplementary level.  One of the main issues associated with GBL is lack of empirical 

evidence supporting the approach.  There is also a lack of general GBL evaluation 

frameworks specifically addressing pedagogy.  GBL has been applied in various 

disciplines however this thesis will primarily concentrate on the application of GBL to 

teach requirements collection and analysis at tertiary education level.   

 

Three studies have been carried out at HE level showing that there is a large number 

of students who would be interested in the application of GBL in HE.  To address 

these issues, a GBL game for teaching requirements collection and analysis has been 

developed and compared to traditional teaching approaches at HE and FE level using 

a newly developed evaluation framework.  The preliminary quantitative evaluation 

results show that GBL is as effective as a role-playing exercise and in some respects 

more effective than a paper-based exercise.  While the GBL application proved 

effective in increasing the knowledge of learners at both HE and FE level, the 

application was more positively received at HE level indicating that GBL may be a 

more suitable approach for HE level rather than FE level for teaching software 

engineering concepts.   

 



 viii

This thesis provides an original contribution to knowledge by providing a large 

amount of required empirical evidence in the field of GBL focusing on game playing 

habits, motivations and comparing a GBL approach to more traditional approaches.          
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1. Introduction 

1.1 Research Problems  

Requirements collection and analysis in computing education is a fundamental 

process in various different learning modules across tertiary education.  It is integral 

to the success of any software project whether it is a case study at university level or 

whether it is a small or large project in industry.  No other conceptual work is as 

difficult to rectify at a later stage or as damaging to the overall system if performed 

incorrectly (Brooks, 1987).  It is suggested that typical software engineering courses 

fail to teach students some of the skills they require as professional software 

developers as lectures and courseworks do not adequately prepare graduates about the 

software development process and that more novel approaches are required to address 

shortcomings of traditional approaches (Ludi and Collofello, 2001; Oh Navarro, 2006; 

Oh Navarro, Baker, and Van der Hoek, 2003).   

 

Traditional approaches including paper-based case-studies, live-through case studies, 

role-playing, courseworks and lectures are utilised to educate graduates about this 

highly important process (Shaw and Dermoudy, 2005). There is some evidence to 

support the use of computer games to teach computing concepts (for example, 

Waraich, 2004; Oh Navarro and Van der Hoek, 2005b; Shaw and Dermoudy, 2005; 

Ford and Minsker, 2003; Sharp and Hall, 2000; Martin, 2000).  In particular, the 

application of a games-based learning (GBL) approach to teach requirements 

collection and analysis has been proposed (for example, Connolly, Stansfield, 

McLellan, Ramsay and Sutherland, 2004).  The purpose of this research is to examine 

if a GBL approach can address some of the weaknesses of these traditional 

approaches.   

 

Computer games are highly engaging and incorporate features that are extremely 

compelling and even addictive (Griffiths and Davies, 2002).  Educationalists have 

considered whether it may be possible to exploit these absorbing features and use 

them to engage students more effectively in learning (Garris, Ahlers and Driskell, 

2002).  One of the primary problems associated with GBL is the lack of empirical 

evidence supporting the approach (de Freitas, 2006; Connolly, Stansfield and Hainey, 
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2007).  Many of the GBL evaluations reported in the literature are generally weak 

with no emphasis on whether the learner has in fact learned anything from the game 

or whether GBL is more suitable for learning in other ways; for example, self-paced 

learning outside the formal structure of the classroom.  This problem impacts 

acceptability of GBL, understanding of learner motivations for playing computer 

games in different contexts and having an appropriate experimental design to evaluate 

the GBL application.  Without strong empirical evidence supporting the use of games 

in learning, then GBL can always be dismissed as unsubstantiated optimism.  

Contributing factors to this problem are that games have been applied in a variety of 

different subject areas, but rigorous empirical evaluation is not always carried out 

comparing GBL to alternative approaches.  Moreover there is a lack of general 

evaluation frameworks for GBL particularly addressing pedagogy (Connolly, 

Stansfield and Hainey, 2009; de Freitas and Oliver, 2006).   

 

In summary, there are three identified research problems: 

1. The lack of empirical evidence to support the use of GBL related to motivations 

for playing computer games in particular contexts. 

2. A lack of general frameworks for evaluating GBL. 

3. Traditional teaching approaches are not sufficient to properly prepare software 

engineering graduates for real life software projects.  

 

These research problems will be addressed to use GBL to teach requirements 

collection and analysis at tertiary education level in comparison with some traditional 

approaches.  The primary contribution to knowledge will be the production of 

empirical evidence in the GBL field.  This empirical evidence will focus on 

motivations for playing computer games in particular contexts and using GBL in a 

particular context to assess whether the approach can address some shortcomings of 

traditional approaches.  To obtain the empirical evidence an evaluation framework 

will be developed to focus the GBL evaluation.  The identified research problems are 

not necessarily separate or distinct and have been formulated to provide a methodical 

approach to address the primary contribution to knowledge. 
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1.2 Proposed Solution 

This doctoral study will make an original contribution to knowledge by addressing the 

three research problems identified above.  To assist in addressing the first problem, 

the lack of empirical evidence for GBL acceptability and motivations for playing 

computer games in particular contexts, surveys will be performed over a period of 4 

years to collect information on general demographics, general computer game playing 

habits, computer game preferences, motivations for playing computer games, 

motivations for playing computer games in a higher education context, online game 

playing habits and acceptability of a GBL approach in higher education.  One primary 

motivation for performing these studies was to gather information on computer game 

playing habits in leisure and computer game playing habits in higher education in 

order to inform the design of the game and gauge if motivations for playing computer 

games in leisure and higher education differed.  Another primary motivation for 

performing these studies over a 4 year period was to see if these habits and 

motivations changed over time.  A third motivation was to gauge the overall 

acceptability of the use of computer games in education.  A literature review will be 

performed to identify previous empirical evidence that will focus on computing.   

 

The second research problem (a lack of general evaluation frameworks) will be 

assisted by the formulation of a generalised evaluation framework for GBL based on a 

synthesis of the literature.  The produced framework will be instrumental in the 

evaluation of the developed prototype game.   

 

To address the third research problem, a computer game to teach requirements 

collection and analysis will be designed, implemented and evaluated providing 

empirical evidence in a particular context.  The design and implementation of the 

game will be based on the surveys performed and identified problems in teaching 

software engineering concepts.  The game will be compared to some traditional 

approaches to teach requirements collection and analysis.  The evaluation will attempt 

to assess whether the game can provide a suitable supplementary learning experience 

in comparison with traditional teaching approaches such as paper-based case-studies 

or role-playing. 
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1.3 Thesis Outline 

The thesis is split into a further eight chapters, as follows: 

 

Chapter two will describe the methodologies used to carry out each constituent 

section of the research.  It will detail: the research objectives; the formation of the 

research questions; the secondary research procedures for the literature reviews 

performed; procedure, deployment and statistical analysis techniques for the surveys 

performed; and procedure, experimental designs and statistical analysis techniques for 

the pilot and main evaluation studies performed.   

 

Chapter three will discuss the problems associated with teaching software engineering 

concepts specifically requirements collection and analysis.  It will review traditional 

approaches for teaching requirements collection and analysis and identify advantages 

and disadvantages of each approach.  The chapter will conclude with a discussion of 

how GBL can be utilised to address some of the shortcomings of traditional 

approaches. 

  

Chapter four will present the literature review for the use of games in education.  It 

will briefly discuss the lack of consensus associated with the definition of computer 

games, serious games and GBL.  The literature review will then investigate: a) some 

of the games and simulations outside computer science and b) the games used in 

computer science and c) empirical evaluation evidence of the effectiveness of GBL.  

The chapter will provide a description of some of the games and critique existing 

associated empirical evidence.  The chapter will conclude with a discussion of the 

advantages and disadvantages of GBL. 

 

Chapter five will present the results of three surveys performed on GBL acceptability 

and motivations for playing computer games.  One survey was performed in 2005, 

one in 2007 and the final one in 2009 to assess the acceptability of the introduction of 

GBL in a particular context.   
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Chapter six will present the development of a new general evaluation framework for 

GBL.  The evaluation framework is a product of a synthesis of the literature on 

evaluation frameworks, particular measurements that can be taken in various different 

categories and experimental designs used in GBL interventions.  The evaluation 

framework will be designed to be a starting point for researchers to identify what they 

wish to evaluate and focus the direction of the evaluation.   

 

Chapter seven will provide a description of the requirements collection and analysis 

game.  This will include high-level design objectives, a description of the game design 

process, and game play.  The section of the game that has been developed for the 

purposes of this research will be outlined in terms of how the game was adapted, 

content creation, content integration and case study selection.  This will include the 

description of a developed dialog editor tool for the purposes of content integration 

and creation.  

  

Chapter eight will focus on the evaluation of the requirements collection and analysis 

game.  This will entail three separate evaluations: an expert user evaluation designed 

to highlight areas where the game could be improved before exposure to students, a 

pilot study evaluation to refine the evaluation process and a main evaluation.  This 

chapter will present methods, procedures and analysis of each evaluation.  The 

chapter will conclude with a discussion of the main findings and implications. 

 

Chapter nine will present an evaluation of the work performed in this research in 

terms of: the surveys, the literature reviews, the development of the general evaluation 

framework for GBL, future developments for the requirements collection and analysis 

game, future evaluations and critical reflection.  Figure 1.1 shows a diagram 

representing the related chapters. 
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Figure 1.1: Diagram of related chapters 
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2. Research Methodologies  

2.1 Introduction 

The purpose of this chapter is to outline the main objectives of this research, 

formulate the main research questions and indicate the selected methodologies and 

methods for achieving these objectives to answer the research questions.  The project 

will consist of a combination of primary and secondary research with primarily 

quantitative methods being utilised.  In terms of secondary research the search criteria 

will be defined as well as the sources.  In terms of primary research involving 

experiments and surveys, the experimental design and statistical analysis techniques 

will be selected. 

2.2 Main Research Objectives 

The primary objective of this research is to use a GBL approach to attempt to address 

some of the shortcomings of some of the traditional teaching approaches applied to 

teach requirements collection and analysis in software engineering.  The game will be 

evaluated and this will contribute to one of the main problems of GBL, which is the 

lack of empirical evidence.  It will aid in addressing one of the important future 

research directions of GBL highlighted by Whitton (2007), namely more rigorous and 

robust quantitative comparative experimental designs using a control group that is 

taught in a traditional format.  A game to teach requirements collection and analysis 

will be developed to attempt to address some shortcomings of selected traditional 

teaching approaches; however before this occurs, it is important to ascertain if GBL 

will be accepted by learners as there is no point in developing a game that would not 

potentially be of some interest to learners.   

 

It is also important to understand what would motivate learners to use computer 

games for learning in a tertiary education context, as this is the educational sector of 

interest to this research.  This is primarily for the purpose of informing the game 

design and development process so that the most important motivations are 

incorporated into the game.  It is also highly important to review previous work in the 

field of GBL related to software engineering for a number of reasons: firstly, to see if 

computer games have been used in this field previously, secondly, to identify mature 
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games that have been developed in the field, and thirdly, to ascertain if any of these 

games could be adapted to teach requirements collection and analysis for the purposes 

of this research project.   

 

Since the purpose of this project is to use a GBL approach to address some of the 

shortcomings of traditional approaches and to increase motivational interest with 

regards to software engineering concepts, then a review of traditional approaches will 

be performed.  This review will assist in identifying key concepts that should be 

incorporated into the game.   

 

The development of the game will be an incremental process and once the prototype 

game is at a satisfactory level of development then a user evaluation will be 

performed, followed by a pilot evaluation with students.  Due to the lack of evaluation 

frameworks in the literature specifically focusing on pedagogy, a new evaluation 

framework for GBL will be developed.  The prototype game can be evaluated in a 

number of different ways: firstly, it can be evaluated early in development by expert 

users to suggest possible areas of improvement that can be incorporated into future 

prototype versions; secondly it can be evaluated in a pilot study to test the 

experimental design, and statistical analysis techniques and also to identify whether 

the pilot has yielded acceptable results to run a larger evaluation; finally it can be 

applied in a larger evaluation at tertiary education once techniques have been refined.  

2.3 Research Questions 

The research questions that can be generated are: 

Research Question 1:  What views of computer games and computer games for 

learning do HE students have?  

 

Research Question 2: What empirical evidence associated with GBL and software 

engineering concepts currently exists in the literature?  What evaluation frameworks 

exist and how has GBL been evaluated? 

 

Research Question 3: Can GBL be a suitable approach to teach requirements 

collection and analysis at a supplementary level in tertiary education? 
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2.4 Selecting Suitable Research Methodologies  

This section will select appropriate research methodologies to answer each of the 

research questions.  This will include: literature review search criteria and sources; 

survey instrument descriptions and their deployment and statistical analysis 

techniques; GBL experimental design, survey instruments and statistical analysis 

techniques.  Prior to describing what research methodologies and methods have been 

selected to answer the research questions the definition of a methodology will be 

briefly discussed.   

 

Nance and Arthur (1988) consider that a methodology should: “1. Organise and 

structure the tasks comprising the effort to achieve global objectives. 2. Include 

methods and techniques for accomplishing individual tasks (within the framework of 

the global objectives). 3. Prescribe an order in which certain classes of decisions are 

made and the ways of making those decisions that lead to the desired objectives.”  A 

methodology consists of a set of complementary methods, which can be classified as 

qualitative or quantitative.  Gay and Airasian (1996) state that the underlying belief of 

qualitative research is “meaning is situated in a particular perspective or context, and, 

since different people and groups have different perspectives and contexts, there are 

many different meanings in the world, none of which is necessarily more valid or true 

than another.”  Falconer and Mackay (1999) state, “the assumption underlying the 

quantitative research approach is that research designs should be based on an 

objective view of the world and follow the positivist model of controlling variables 

and testing pre-specified hypotheses.” Although quantitative research is largely based 

on mathematics and statistics, Gay and Airasian (1996) point out that it does in fact go 

beyond these attributes by relating to what the researcher must do, namely: 

1. State the hypothesis and the research procedures that will be employed to conduct 

the research, prior to the research being conducted. 

2. Attempt to maintain control over factors that could possibly interfere with the data 

collected. 

3. Use large enough samples to provide statistically meaningful data. 

4. Apply data analysis techniques that rely on statistical procedures. 
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Clark-Carter (2004) believes that “the distinction between quantitative and qualitative 

methods can be a false one in that they may be two approaches to study the same 

phenomena.  Or they may be two stages in the same piece of research with a 

qualitative approach yielding ideas which can then be investigated via a quantitative 

approach.  The problem arises when they provide different answers.”   

 

As this project encompasses Information Systems (IS) requirements, it is also 

appropriate to consider the underlying philosophical perspectives of what constitutes 

good research in an IS context.  The field of IS is split into two schools of thought 

being the hard and soft systems inquiry approaches.  Hard is the more scientific 

approach that is based on facts and measurements and soft is a more subjective 

approach that is based on feelings, perceptions etc.  The soft approach is generally 

seen to be the more human of the two.  Flynn (1998) defines the hard and soft 

approach as the following: 

 

The hard approach to systems development “assumes firstly that there is a problem to 

be solved that is logically based and that has a computer solution, and secondly, that 

the computer solution can integrate well into the organisation, without having taken 

account of wider social or psychological factors.”  The soft approach to systems 

development “regards the hard approach as being too narrow.  It allows for problem 

situations that may be investigated using a variety of techniques, and it also takes into 

account the wider organisational context by focusing on social and psychological 

issues related to the development and impact of an information system in an 

organisation. ”  

 

This IS project is categorised as more associated with the hard school of IS research 

and will be primarily concerned with quantitative research at the methodological 

level.  The evaluations performed in this project will be preliminary evaluations 

focusing on learning effectiveness.  If the evaluations are sufficiently successful then 

deeper qualitative research involving organisational and psychological factors can be 

a future research direction for the incorporation of the GBL environment into a 

tertiary education institution. 
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The major methodologies used in research as well as their advantages and 

disadvantages are adapted from Beins (2004) and Clark-Carter (2004) and shown in 

Table 2.1.  The main studies performed will be associated with the collection of 

empirical evidence over a large group of participants.  The research methodologies 

adopted in this project will be a combination of archival research, experiments, 

surveys, tests and questionnaires and longitudinal research.  

 

Table 2.1: Major methodologies used in research 

Methodology Main characteristics Advantages  Disadvantages 
Experiments  Active manipulation of 

variables within a 
controlled environment. 

Extraneous factors can 
be eliminated that may 
influence behaviour so 
factors of interest can 
be isolated to draw 
conclusions about the 
causes of behaviour. 

Ethical issues may be 
associated with the 
manipulation of variables.  
Also an artificial 
environment may be 
created causing people to 
behave differently. 

Quasi-experiments  The design resembles 
an experiment; 
however the variables 
are not manipulated.  
Randomisation does 
not occur and 
researchers categorise 
the participants based 
on pre-existing 
characteristics. 

Some extraneous 
factors can be 
eliminated however 
this is less so than in a 
true experiment.  
Predictable 
relationships can be 
identified even if the 
cause of the behaviour 
is unknown.   

Cause-and-effect 
relationships cannot be 
affirmed as potentially 
important variables are 
not controlled.   

Correlational 
studies 

Variables that already 
exist are measured 
without controlling 
them. 

Behaviour can be 
observed in a natural 
situation as 
complicating variables 
are not stripped away.  
Predictable behaviour 
patterns can be 
observed.   

It is not possible to assess 
what variables cause the 
behaviours to occur.   

Surveys, tests and 
Questionnaires 

Self-reported 
knowledge, attitudes 
and statements of 
behaviours are 
collected from 
respondents. 

A significant amount of 
diverse data can be 
collected easily.  Data 
can sometimes be 
compared with 
established response 
patterns from other 
groups studied.   

Cause-and-effect 
relationships cannot be 
identified.  It is also 
impossible to tell how 
truthfully and accurately 
attitude, knowledge and 
behaviour are reported.   

Case Studies One person or a small 
group is studied in 
great depth to attain a 
lot of information about 
them.  

People can be studied 
in their complexity and 
specific characteristics 
can be taken into 
account in an attempt 
to understand 
behaviour.   

The group may not be 
representative of people 
in general and it may not 
be possible to make 
generalisations beyond 
the group or person.   
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Observational 
Research  

Behaviours are studied 
in their natural setting.  
In most cases without 
intervention. 

Life and behaviour is 
studied in its full 
complexity.  

It is highly difficult to 
pinpoint why people 
behave the way they do as 
there are so many 
influential factors in the 
natural world.  The 
Hawthorne effect may 
also be a factor. 

Longitudinal 
Research  

Behaviour is studied 
over a long period of 
time. 

It is possible to observe 
how behaviours change 
over time particularly 
at an individual level as 
they mature.   

The research may take a 
long period of time and 
people’s behaviour may 
alter due to societal 
changes and not personal 
maturation. 

Archival Research Existing records, 
articles and information 
are used to answer 
research questions 
regardless of the fact 
that the information 
was gathered for other 
purposes.   

Information can be 
traced historically and 
multiple sources can be 
used.   

It is impossible to know 
how accurate the 
information is or if there 
is information missing.  
The focus of the 
information may be 
different as it was 
gathered for a different 
purpose.  

Ethnography 
 

Great emphasis is 
placed on the 
researcher immersing 
themselves in the group 
being studied. 

Highly detailed 
evidence can be 
gathered in the area.  

Ethnographic research is 
generally very time-
consuming due to the 
immersive nature of the 
technique.   

Meta-analysis  Quantitatively 
reviewing results of the 
research in a given area 
from a number of 
researchers.  

Allows the reviewer to 
quantify the trends in 
the literature, the power 
of the statistical tests is 
increased and it forces 
the reviewers to read 
the papers in greater 
detail than a narrative 
review.   

Very time consuming as 
it requires identification 
and coding of studies. 

Content analysis Non-intrusive form of 
observation performed 
by analysing the traces 
left by actions.   

It allows researchers to 
study behaviour across 
a range of 
circumstances or 
settings that can be 
difficult.  

The participants selected 
may not be sensitised to 
the entity being recorded.  

 

2.4.1 Research Methodologies Selected to Answer Research Question 1  

Research Question 1:  What views of computer games and computer games for 

learning do HE students have?  
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The survey/questionnaire methodology will be used to answer this question.  The 

survey instrument will be designed to gather general information on students’ game 

playing habits, and contain specific questions relating to acceptability of the 

introduction of computer games into higher education and motivation based on 

Malone and Lepper’s framework of intrinsic motivation (1987).  The survey will be 

run three times across different academic sessions to ascertain if the results are 

consistent in terms of acceptance and motivations.  The data collected from the 

individual surveys will be analysed by the use of descriptive statistics, chi squared 

tests and Mann-Whitney U tests.   

2.4.2 Research Methodologies Selected to Answer Research Question 2 

Research Question 2: What empirical evidence associated with GBL and software 

engineering concepts currently exists in the literature?  What evaluation frameworks 

exist and how has GBL been evaluated? 

 

The methodology selected to answer research question 2 will be archival and will use 

the following search terms:   

(“computer games” OR “video games” OR “serious games” OR “simulation games” 

OR “games-based learning” OR “MMOG” OR “MMORPG” OR “MUD” OR 

“online games”) AND (“education” OR “learning”) AND “evaluation”  

The literature search will be carried out using various electronic databases relevant to 

education, information technology, games and simulations and social science.  The 

databases will include: ACM, ABIINFORM Global Database, Academic Search 

Premier, ASSIA: Applied Social Sciences Index and Abstracts, BioMed Central, 

Cambridge Journals Online, Blackwell Synergy, ChildData, Index to Theses, Oxford 

University Press (journals), Science Direct, EBSCO (consisting of Psychology and 

Behavioural Science, PsycINFO, SocINDEX, Library, Information Science and 

Technology Abstracts, CINAHL), ERIC, IngentaConnect, Infotrac (Expanded 

Academic ASAP), Emerald, IEEE and the Simulation & Gaming Journal.  

2.4.3 Research Methodologies Selected to Answer Research Question 3 

Research Question 3: Can GBL be a suitable approach to teach requirements 

collection and analysis at a supplementary level in tertiary education? 

 



 14

To answer research question 3, it will be necessary to initially select an appropriate 

experimental design, what is going to be evaluated and appropriate methods of 

statistical analysis.  In terms of the experimental control there are three possible 

methods: the repeated measures design, the matched participants design and the 

independent groups design (Miller, 1974).  The repeated measures design is where 

both the control group and the experimental group participate in both conditions 

ensuring that the participants will have identical characteristics.  This design is 

however vulnerable to an order effect and participants can either experience benefit 

from practise or fatigue leading to confounding.  The matched participants design 

attempts to mimic the repeated measures design but attempts to use different 

participants that are matched as closely as possible, for example identical twins or 

participants that are matched very closely on the variables that influence the study.  

The primary drawback of the repeated measures is the difficulty of knowing what the 

matching criteria should be.  The independent group design is where there are two 

entirely separate groups and randomisation is used to eliminate the systematic bias 

between the groups.  The experimental control selected for this project is the 

independent group design whereby a particular group is exposed to the intervention 

and a particular group is not.  This eliminates the possibility of an order effect 

confounding the results.  Therefore the experimental design selected for all of the 

GBL intervention experiments is: pre-test  post-test, experimental/control group 

design.  The game will be evaluated using an expert user evaluation to suggest 

improvements and then the experimental design will be piloted to test the 

experimental design and the selected statistical analysis techniques. 

 

When considering the selection of statistical analysis techniques, the sample design 

and whether the data collected is parametric or non-parametric must be considered 

(Miller, 1974).  In terms of the sample design there is: one sample design, two sample 

designs, k sample designs and correlations.  In one-sample design a single sample is 

used and then compared with already established data in previous research.  Two-

sample designs can be divided into related and independent samples.  With related 

samples some effort has been made to make sure that the participants characteristics 

are equal.  In independent samples, two entirely different groups of individuals are 

selected.  In k sample design there can be multiple groups or different levels of the 
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independent variable.  In correlations the researcher measures the independent 

variable rather than manipulating it. 

 

Parametric tests assume three main things about the data:  Firstly, it is assumed that 

each sample of scores is taken from a normal population; secondly, the populations 

are assumed to have the same variance and thirdly the variable is assumed to have 

been measured on an interval scale.  Miller’s (1974) classification of statistical 

designs used in research designs is displayed in Table 2.2. 

 

Table 2.2: Classification of statistical designs used in research designs (Miller, 

1974) 

 

Statistical analysis techniques selected for this project will be non-parametric tests and 

are of a two-sample mixed design.  The research design is a design where different 

participants are allocated to each condition making it a between-participants design.  

This means that the independent groups can be compared and the participants can be 

subject to repeated measures.  The statistical analysis techniques used to analyse the 

data collected in the pilot study and the main studies will be:  descriptive statistics (N, 

mean, standard deviation, etc), and inferential statistics including: related two-sample 

tests (Wilcoxon sign test) and independent two-sample tests (Mann-Whitney U test).  

A Kruskal-Wallis test has been selected as it is the non-parametric equivalent of an 

ANOVA (Analysis of Variance) and does not assume a normal distribution (Gavin, 

2008). 
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2.5 Summary 

The research methodologies selected for this project will be: archival research for the 

literature reviews, and survey, questionnaires and descriptive statistical techniques for 

the survey studies.  The interventions studies will use a pre-test  post-test, 

experimental/control group prototypical design.  The analysis techniques will be 

descriptive statistical analysis and inferential statistical analysis including: Wilcoxon 

sign tests for related samples, Mann-Whitney U tests for independent samples, and a 

Kruskal-Wallis test. 

 



 17

3. Problems Teaching Requirements Collection and Analysis 

3.1 Introduction 

This chapter will discuss the problems associated with teaching requirements 

collection and analysis and more generally software engineering and software 

development.  Software requirements and the problems with the production of the 

requirements specification will be discussed as well as traditional methods for 

teaching software engineering concepts and the software development lifecycles to 

highlight advantages and disadvantages of each particular approach.  The chapter will 

summarise how a games-based learning approach (the requirements collection and 

analysis game) can address some of the shortcomings of traditional approaches.     

3.2 Requirements Collection and Analysis 

Requirements collection and analysis is a preliminary stage of the software 

development lifecycle after planning the stages of the lifecycle and specifying the 

boundaries and scope of the system in terms of application areas and users.  It 

involves the collection of potential requirements for the new system and analysing 

these collected requirements to eliminate conflict and ambiguity.  The goal of the 

process is to formulate all of the requirements discovered into a collective document 

called the requirements specification.  Requirements collection and analysis is also a 

preliminary stage of the waterfall model whether it is the original model proposed by 

Royce (1970) or a modified version.  There is a lack of consensus in various 

disciplines including information systems, database design and software engineering 

on the definition of requirements collection and analysis.  Requirements acquisition or 

collection is part of the requirements determination phase of the traditional software 

development model where the requirements are collected from the user (Flynn, 1998).  

This is the phase that is performed with the assumption that the feasibility study has 

approved the development of the proposed system.   

 

Analysts and programmers generally use either one or a combination of the following 

four traditional techniques for gathering requirements: observation, analysis of the 

current system, analysis of the documentation for the desired system and interviews 

and questionnaires.  El Emam and Madhavji (1995) apply the term ‘requirements 
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engineering’ to address problems in requirements determination.  Core aspects of 

requirements engineering are associated with acquisition of requirements, validation 

and modelling.  Zave (1997) defines requirements engineering as:  “the branch of 

software engineering concerned with the real world goals for, functions of, and 

constraints on software systems. It is also concerned with the relationship of these 

factors to precise specifications of software behaviour, and to their evolution over 

time and across software families.”  It should be noted that this definition particularly 

refers to software engineering.  Nuseibeh and Easterbrook (2000) believe 

requirements collection and analysis to be a constituent part of requirements 

engineering and believe the core requirements engineering activities to be: eliciting 

requirements, modelling and analysing requirements, communicating requirements, 

agreeing requirements and evolving requirements. 

 Eliciting requirements – The first stage in requirements engineering.  The word 

‘eliciting’ is used instead of ‘collection’ to emphasise the fact that the 

requirements have to be modelled, validated, analysed and interpreted in an 

attempt to avoid the suggestion that requirements are simply present and ready for 

collection by the use of appropriate questioning (Goguen and Jirotka, 1994).  A 

primary task in requirements engineering is to identify the boundaries of the 

system to establish where it will connect with the existing functioning 

environment.  This process affects the other consecutive efforts.   

 Modelling and analysing requirements – Production of abstract descriptions that 

are “amenable to interpretation” with the primary advantage being that modelling 

requirements provides the opportunity or analysing them.  Models are selected on 

the basis of their associated analysis techniques.   There are various different 

modelling approaches including: enterprise modelling, data modelling, 

behavioural modelling, domain modelling and modelling of non-functional 

requirements.   

 Communicating requirements – requirements have to be effectively 

communicated among the different stake holders    Documentation of the 

requirements is important to ensure that the requirements can be validated and re-

written. 
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 Agreeing requirements – requirements have to be described explicitly for the 

purposes of resolving any conflicts caused by divergent goals of stakeholders and 

for the purposes of validation.   

 Evolving Requirements – The management of change is a fundamental activity in 

requirements engineering as the environment and requirements of the stakeholders 

change.  These changes can include deletion, addition and fixing errors.   

3.3 Problems Teaching Requirements Collection and Analysis 

Requirements collection and analysis and more generally software engineering has 

been described as a “wicked problem”, characterised by incomplete, contradictory and 

changing requirements, and solutions that are often difficult to recognise as such 

because of complex interdependencies (DeGrace and Hulet Stahl, 1998).  According 

to Armarego (2002), there is an educational dilemma in teaching such problems in 

software engineering because: 

 complexity is added rather than reduced with increased understanding of the 

problem; 

 metacognitive strategies (i.e., strategies that students can use to guide their own 

comprehension by analysing how they are learning) are fundamental to the 

process; 

 a rich background of knowledge and intuition are needed for effective problem-

solving; 

 a breadth of experience is necessary so that similarities and differences with past 

strategies are used to deal with new situations. 

Oh and van der Hoek (2001b) identify a number of other issues that complicate the 

teaching of the software process: 

 Software development is non-linear: activities, tasks, and phases are repeated and 

multiple events happen at the same time.  Managing two similar projects in the 

same way may not produce the same outcome due to the presence of several 

(possibly unexpected) factors (e.g., technical advances, client behaviours or 

expectations).  

 Software development involves several intermediate steps and continuous choices 

between multiple, viable alternatives: even with careful planning, not all events 
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that can occur can be anticipated at the start of a project.  Difficult decisions must 

be made, tradeoffs considered, and conflicts handled.  

 Software development may exhibit dramatic effects with non-obvious causes: 

while software development has several cause-and-effect relationships (e.g., it is 

more cost-effective to identify flaws in the earlier phases of development than 

identifying them in the later phases), there are other situations that may arise in 

which the cause is not so apparent.  For example, Brook’s Law states that adding 

people to a project that is already late typically makes that project later.  

 Software engineering involves multiple stakeholders: clients and non-development 

personnel in an organisation all make decisions that impact development.  

 Software engineering often has multiple, conflicting goals: software development 

includes tradeoffs between such things as quality versus cost, timeliness versus 

thoroughness, or reliability versus performance. 

Two further issues arise with teaching software development that will be taken into 

consideration in any learning environment developed: 

 Communication: software engineers must be able to communicate, both verbally 

and in writing, with staff internal to the project (project manager, team leaders, 

analysts, designers, developers, testers, quality assurance) as well as with external 

stakeholders. 

 Pedagogical praxis: Shaffer (2004a) proposes a theory of “pedagogical praxis”, 

which links learning and doing within an extended framework of communities of 

practice (Lave, 1991; Lave and Wenger, 1991).  Pedagogical praxis is based on 

the concept that different professions (for example, lawyers, doctors, software 

engineers) have different epistemologies (epistemic frames) – different ways of 

knowing, of deciding what is worth knowing, and of adding to the collective body 

of knowledge and understanding.  For a particular community, the epistemic 

frames define “knowing where to begin looking and asking questions, knowing 

what constitutes appropriate evidence to consider or information to assess, 

knowing how to go about gathering that evidence, and knowing when to draw a 

conclusion and/or move on to a different issue” (Shaffer, 2004b, pp. 4).  

Implementation of pedagogical praxis requires a faithful recreation of the 

professional community, one that is “thickly authentic”; that is, one where (a) 

learning is personally meaningful for the learner, (b) learning relates to the real-
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world outside the classroom, (c) learning provides an opportunity to think in the 

modes of a particular profession, and (d) learning where the means of assessment 

reflect the learning process (Shaffer and Resnick, 1999).  Connolly and Begg 

(2006) have suggested that the term thickly authentic be extended to incorporate: 

(e) learning using the tools and practices of the modern-day professional. 

According to Schön (1983, 1987) the following are some of the key problems in 

teaching an abstract subject of this nature:  

 It is learnable but not didactically or discursively teachable: it can be learned only 

in and through practical operations. 

 It is a holistic skill and parts cannot be learned in isolation but by experiencing it 

in action.  

 It depends upon the ability to recognise desirable and undesirable qualities of the 

discovered world.  However, this recognition is not something that can be 

described to learners, instead it must be learned by doing. 

 It is a creative process in which a designer comes to see and do things in new 

ways.  Therefore, no prior description of it can take the place of learning by doing. 

Students often have considerable difficulty comprehending implementation-

independent issues and analysing problems where there is no single, simple, well-

known, or correct solution (Connolly and Begg, 2006).  They have difficulty handling 

ambiguity and vagueness and they can also display an inability to translate tutorial 

examples to other domains with analogous scenarios, betraying a lack of transferable 

analytical and problem-solving skills (Connolly and Stansfield, 2007).  Kriz (2003) 

highlights the point that the majority of students are not competent enough to put their 

knowledge into practice and they are unable to cope successfully with the everyday 

tasks associated with the practice of their chosen field.  These problems can lead to 

confusion, a lack of self-confidence, and a lack of motivation to continue.  Many of 

the above characteristics make teaching requirements collection and analysis and, 

more generally, the software development process, problematic using didactic 

approaches to teaching and learning and the practical experience provided falls far 

short of what a student can expect “in the real world”.  Instead, these issues suggest 

that students can only learn about software engineering by doing software 

engineering, and rely less on overt lecturing and traditional teaching.  This approach 

requires a shift in the roles of both students and teachers, with the student becoming 
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an apprentice, exploring and learning about the problem in the presence of peers (who 

may know more or less about the topic at hand) and the teacher moving from being 

the “knowledgeable other” towards becoming a facilitator, who manages the context 

and setting, and assists students in developing an understanding of the material at 

hand (Koehler and Mishra, 2005). 

3.4 Software Requirements   

“The hardest single part of building a software system is deciding precisely what to 

build. No other part of the conceptual work is as difficult as establishing the detailed 

technical requirements… No other part of the work so cripples the resulting system if 

done wrong.  No other part is as difficult to rectify later.” Brooks (1987) 

 

A requirement is defined by Webster’s dictionary, as “something required; something 

wanted or needed”.  The IEEE 1012 – 1986 standard for software verification and 

validation plans define a requirement as “a condition or capability needed by a user to 

solve a problem or achieve an objective” or “a condition or capability that must be 

possessed by a system to satisfy a contract standard, specification or other formally 

imposed document”.  Britton and Doake (2000) define a requirement as “a feature or 

a behaviour of the system that is desired by one or more stakeholders.”  One of the 

primary reasons that requirement collection is so problematic and complex is that a 

requirement can be expressed in different levels of abstraction or complexity.  

Sommerville (2006) emphasises “the term requirement is not used in the software 

industry in a consistent way.  In some cases, a requirement is simply a high-level, 

abstract statement of a service that the system should provide or a constraint on the 

system.  At the other extreme, it is a detailed, formal definition of a system function.”  

To combat the complication encountered by the different levels of abstraction, 

Sommerville distinguishes between user requirements and system requirements:  

 User requirements (requirements of a high level of abstraction) – defined as the 

services that the system is expected to provide in natural language under the 

constraints which it must operate.  

 System requirements – (requirements of a highly detailed nature describing what 

the system should do) defined as the systems services, functions and operational 
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constraints in detail.  The functional specification should define exactly what is to 

be implemented and may be part of a contract between the software developers. 

3.4.1 Types of Software Requirements 

Sommerville (2006) differentiates between three different types of software 

requirement: 

 Functional requirements – Sommerville (2006) defines functional requirements as 

services that the system should provide, how it should react to inputs and how it 

should behave in particular situations.  Functional requirements can also explicitly 

state what the system should do.  Malan and Bredemeyer (2001) define functional 

requirements as capturing the intended behaviour of the system or what it will do.  

The behaviour is expressed as tasks, functions and services that the system is 

required to perform.  Simply speaking the functional requirements specify what 

the system does and can be affected by the approach taken by the organisation 

when writing the requirements, the software users and the software to be 

developed.  Functional requirements can be expressed as user or system 

requirements.  When expressed as user requirements, functional requirements are 

generally far more abstract.  When expressed as system requirements, exceptions, 

inputs and outputs are defined.       

 Non-functional requirements – Sommerville (2006) defined non-functional 

requirements as constraints on the functions and services offered by the system.  

They apply to the system as a whole and do not just apply to individual system 

services or features.  Malan and Bredemeyer (2001) define non-functional 

requirements as how well the structural and behavioural aspects of the system 

should be accomplished such as maintainability, performance and security.  

Russell (2004) categorises non-functional requirements into observable and non-

observable groups.  The observable group is easier to collect, easier to test, 

potentially measurable and includes the following: 

 Performance – The responsiveness of the system, for example, response 

time and throughput 

 Security – The measure of the system’s ability to protect from malicious 

agents and unauthorised changes, while permitting legitimate use.   
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 Availability – The proportion of time the system is available (up and 

running) to service user requests.   

 Reliability – The system’s ability to provide consistent behaviour, perform 

the intended work, and recover from failure.   

 Capacity – The resource usage of the system, including projected growth. 

 Usability – The ease with which the target audience can use the system.   

Non-observable, non-functional requirements include the following: 

 Maintainability – The ease with which the system can be changed, whether 

for bug fixes or to add new functionality.  

 Portability – The ease of moving the application to other operating 

environments. 

 Integrity – The ability of the system to protect and preserve transactions.  

 Scalability – The ease with which the system can move to larger or 

distributed computer environments to satisfy processing demand.  

 Manageability – The ease with which the system can be reused, deployed, 

and tested. 

 Safety – The ability of the system to not harm users, including physical 

harm, as in medical systems, or financial harm, as in accounting systems, 

or other forms of harm. 

 Efficiency – The assessment of how well the system utilises resources and 

how it affects other applications in the environment. 

 Domain requirements – Sommerville defines domain requirements as reflecting 

characteristics and constraints of that domain.  These requirements may be 

functional or non-functional.  

3.5 Problems Producing a Requirements Specification 

A requirements specification should be the result of analysing the collected 

requirements and if the collected requirements are inaccurate then this can lead to 

software problems.  It is the role of the system analyst to interpret requirements that 

are ambiguous to simplify the implementation of the new system.  This also has to be 

attempted in conjunction with what the client wants of the new system, which is not 
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always possible, leading to increased cost.  A requirements specification should be 

both consistent (requirements should not be contradictory) and complete (all required 

services should be defined).   

 

Sommerville (2006) points out that producing a requirements specification for a large, 

complex system in real life is practically impossible.  This is due to omissions, 

mistakes, and different system stakeholders having different and inconsistent needs.  

While initially specifying the requirements, inconsistencies may not be readily visible.  

It may require further analysis or even the full development and delivery to the client 

before these inconsistencies are realised.   

 

Faulk, Brackett, Ward and Kirby (1992) distinguish between semantic properties and 

packaging properties of a software requirements specification.  Semantic properties 

are the requirements meaning or semantics derived from what the specification says.  

Packaging properties are to do with the requirements organisation, format, 

information presentation, and how it is written.  Satisfactory semantic properties of an 

acceptable requirements specification are: 

 Complete – Information that is required for the production of the software and is 

acceptable to the client is presented in a set of acceptable implementations that are 

properly defined.  When a software product meets all of the requirements in the 

requirements specification then it is acceptable.  If areas of incompleteness are 

discovered then they must be indicated before the commencing development.  

(Parnas and Clements, 1986)  

 Implementation independent – Unless it is a decision to reflect actual 

requirements, a software requirements specification should not include 

implementation and design decisions. 

 Unambiguous and consistent – A requirement should only have one possible 

interpretation to avoid ambiguity.  Individual requirements should not be in 

conflict with other requirements.   

 Precise – The exact required behaviour should be defined.  Acceptable input 

values should be defined for each output as well as applicable time constraints 

including minimum to maximum delay. 
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 Verifiable – Verification is possible if the implementation unambiguously satisfies 

a requirement.  This means that given a specific input to the system that the output 

is acceptable.  This is determined by the state of the system.  

 

Satisfactory packaging properties of an acceptable requirements specification are: 

 Modifiable – The software requirements specification must be organised for 

optimum ease of change.  Since organisations differ and some are easier to change 

than others, expected changes and possibility of occurrence are identified.  The 

specification is altered to limit effects of changes. 

 Readable – The requirements specification must be understandable by all users.  

Elements of the problem space should be clearly related to the observable 

behaviour of the software.   

 Organised for reference and review – The software requirements specification 

must be available for easy reference.  Detailed questions must be answered 

relatively quickly and it must be clear where every decision associated with a 

particular requirement was made.  The software requirements specification is one 

of the main causes of disagreement.       

 

An alternative teaching paradigm for software engineering based on constructivism 

has been advocated.  Cognitive constructivism views learning as an active process in 

which learners construct new ideas or concepts based upon their current/past 

knowledge.  The learner selects and transforms information, constructs hypotheses, 

and makes decisions, relying on a cognitive structure to do so (Piaget, 1968).  Social 

constructivism, seen as a variant of cognitive constructivism, emphasises that human 

intelligence originates in our culture. Individual cognitive gain occurs first in 

interaction with other people and in the next phase within the individual (Forman and 

McPhail, 1993).  These two models are not mutually exclusive but merely focus upon 

different aspects of the learning process.  In fact, Illeris (2003) believes that all 

learning includes three dimensions, namely, the cognitive dimension of knowledge 

and skills, the emotional dimension of feelings and motivation, and the social 

dimension of communication and cooperation – “all of which are embedded in a 

societally situated context”.  Figure 3.1 provides a representation of the environment 
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used as the basis for the development of the games-based learning application and the 

problems to be addressed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Environment for teaching software engineering (and problems that 

need to be addressed) 

 

3.6 Advantages and Disadvantages of Traditional Approaches 

Shaw and Dermoudy (2005) believe “students have little empathy for, or affinity with 

the fundamentals of software engineering practice when it is first introduced.”  Briggs 

(1994) highlights that students must be motivated to engage in the construction of 

software otherwise they will not use the taught techniques effectively when entering 

employment as it will be difficult to convince them of the effectiveness of the 

methods and techniques taught.  Dawson (2000) emphasises that educational 

environments have experiential limitations, as they do not encompass the full range of 

experiences faced in reality.  Some of the advantages and disadvantages of traditional 

approaches to teach computing are displayed in Table 3.1, 3.2, 3.3 and 3.4 adapted 

from Bonwell (1996), Cashin (1985), Wehrli and Nyquist (2003), Davis (2001), the 

ADPRIMA Instructional Methods information website (2009), Biggs (1999), Shaw 
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and Dermoudy (2005), Polack-Wahl (1999), Andrianoff and Levine (2002), Cope and 

Horan (1996), Bernstein and Klappholz (2001),  Barrett (1997),  Simsarian, (2003) 

and Connolly, Stansfield, McLellan, Ramsay and Sutherland (2004).  

 

Table 3.1: Advantages and disadvantages of lectures for teaching RCA 

Lectures 
Advantages  Lecturers’ have full control of the learning experience.  

 Intrinsic interest of a subject can be communicated through 
the lecturer’s enthusiasm.  

 Large amounts of information can be tailored and presented 
to large audiences containing material not otherwise 
available to students.  

 Lectures can provide a model of how professionals address 
problems and questions. 

 Appeal to students who learn by listening and present very 
little risk for students. 

Disadvantages  Lecturer is required to be an effective speaker and become a 
‘sage on stage’. 

 No mechanism exists to ensure that students are 
intellectually engaged, meaning that they are often passive 
recipients resulting in information being quickly forgotten.  

 Student’s attention begins to wane after a short period 
(approximately 15 to 25 minutes).  

 Lectures are not suited for teaching abstract, complex 
subjects, or higher order thinking skills such as values, 
motor skills, analysis and application etc.  

 Assumes that all students are at the same level of 
understanding and learn at the same pace.  

 Students who have different optimal learning styles other 
than listening are at a disadvantage.  

 Cannot be relied on to alter the attitude of students in a 
favourable manner. 

 

Table 3.2: Advantages and disadvantages of role-play for teaching RCA 

Role-play 
Advantages  Participants are actively involved in the exercise. 

 Enhances the learning by providing experiential learning 
and a deeper understanding.  Adds elements of variety, 
reality and specificity. 

 Provides a safe environment to increase practice experience 
when real life experiences are unavailable, for example 
highlighting client frustration. 

 Immediate feedback is provided and can give new 
perspectives on situations. 

 Likelihood of transfer from the classroom to the real world 
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is improved. 
 Understanding acquired has a considerable and lasting 

effect.  
 Can promote “conceptually significant learning.” and 

discussion. 
 Can be used from different perspectives to incur 

appreciation of particular aspects, for example, utilised 
role-playing to provide insight into client frustration when 
system developers did not produce acceptable 
requirements. 

Disadvantages  Puts pressure on learner to perform and can result in 
embarrassment if learners are too self conscious.    

 Can be time consuming as good practice usually requires a 
debriefing session.  

 The role-play has to be well planned, monitored and 
orchestrated otherwise it may lack focus.  

 Puts mental pressure on the acting participants if questions 
are asked that deviate from the script.  

 Requires appropriate monitoring by a knowledgeable 
person to provide appropriate feedback. 

 Lacks realism and also requires the participation of many 
people (assuming roles) to make the process real for the 
learners.    

 

Table 3.3: Advantages and disadvantages of paper-based case studies for 

teaching RCA 

Paper-based case studies 
Advantages  Students can apply new skills. 

 Develops analytical problem solving skills.  
 Can be relatively self-pacing if it is in the form of a 

coursework as participants can study in their own time.  
 Useful method for finding a large number of solutions for 

complex issues.  
Disadvantages  The case study must be carefully prepared and defined. 

 It may be difficult for the students to see the relevance of 
the case study for their own situation.  

 Inappropriate results may occur if the case-study has 
insufficient information.  

 Approach is not suitable to elementary education. 
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Table 3.4: Advantages and disadvantages of live-through case studies for 

teaching RCA 

Live-through case studies 
Advantage  Allows the participants to identify the mistakes of previous 

developers, thus enhancing their own knowledge by 
providing experiential learning and minimising the 
possibility of making the same mistake. 

Disadvantage  Very time consuming and therefore not always particularly 
practical. 

 

3.7 Overcoming Some of the Problems of Traditional Approaches  

Games-Based Learning can potentially help with some of the shortcomings as games 

enable meaning to be situated (Lave and Wegner, 1991), anchored (Bransford, 

Sherwood, Hasselbring, Kinzer and Williams, 1990) and support “conceptual 

interaction” (Laurillard, 1996).  Situated learning is important as GBL is at its most 

powerful when it is “personally meaningful, experimental, social, and epistemological 

all at the same time” (Shaffer, Squire, Halverson and Gee, 2004, p. 3).  Games 

provide experiential learning where knowledge is created through the transformation 

of experience (Kolb, 1984) providing the four stages of the experiential learning 

cycle: concrete experience, reflective observation, abstract conceptualisation, and 

active experimentation.  Healy and Connolly (2007) compared the difference between 

traditional methods and GBL.  Some of the main differences concern the passivity of 

traditional methods as opposed to the interactive and active learning strategies evident 

in GBL.  Traditional methods are viewed as outdated and based on an instructivist 

methodology.  GBL, on the other hand, is considered more up-to-date and 

underpinned by students actively seeking information and knowledge.  A further and 

significant difference is that while traditional methods are proven, GBL is still 

relatively unproven (de Freitas, 2006; Connolly, Stansfield and Hainey, 2007). 

 

In terms of specifically teaching requirements collection and analysis, GBL can 

provide a constructivist learning environment where learners can practice the 

formulation of a requirements specification through requirements elicitation and 

learning by doing (Aldrich, 2005).  The learner can be immersed in a simulated, 

practically-oriented, thickly authentic office environment utilising a software 

engineering epistemic frame.  The environment will support communication 
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structures by means of an email system, reflection and the formation of metacognitive 

strategies by appropriate feedback and allowing the learner to exercise eclectic 

decision making.  The GBL environment will use Sommerville’s (2006) definitions of 

user and system requirements and will automatically group the requirements into the 

proper category once collected.  This will provide the learners with an appreciation of 

the differences of the two main different types of software requirement.  The 

environment will have ill-defined, ambiguous and changing requirements allowing the 

learner the opportunity to generate additional questions and clarify requirements with 

the different characters in the game.  The learner will be allowed to explore the 

environment until they are satisfied that they have collected all of the relevant 

requirements.  The requirements specification will be refinable in the sense that 

redundant requirements can be deleted.   The learner will be required to use their 

experience in a creative fashion in a holistic, people oriented environment to collect 

requirements in a non-linear fashion.  The environment will contain multiple 

stakeholders that can be questioned and will also have interactive objects to attempt to 

enhance the learning experience.                    
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4. Literature Review – The Use of Computer Games in Education 

4.1 Introduction 

This chapter will discuss the definition of ‘Games-Based Learning’ (GBL) and its 

associated terms and will suggest a position for GBL in terms of its relation to games 

and simulations.  A brief review of the use of some computer games in education will 

then be performed to show the diversity of the use of GBL outside of computer 

science.  The chapter will then review the use of computer games in computing 

education and will summarise the empirical evidence associated with the relevant 

games.  Finally there will be a brief discussion on the advantages and disadvantages 

of games-based learning. 

4.2 Definition of terms: What is Games-Based Learning? 

This section will provide a definition of Games-Based Learning and some of the 

following terms surrounding it in the literature such as: games, simulations, computer 

games, simulation games, computer simulations, computer simulation games and 

serious games.  Taking these definitions and distinctions into account a diagram will 

be produced to illustrate the position of GBL in terms of its relation to the terms in the 

literature.    

 

The term “game” covers a very wide range of activities but, as Juul (2003) and others 

(e.g. Crawford, 2003) have observed, are difficult to define in terms of necessary and 

sufficient features, and there is no real consensus on shared terms and their 

definitions.  Several definitions of games have been proposed.  For example, 

Dempsey, Haynes, Lucassen and Casey (2002) define a game as “… a set of activities 

involving one or more players.  It has goals, constraints, payoffs, and consequences.  

A game is rule-guided and artificial in some respects. Finally, a game involves some 

aspect of competition, even if that competition is with oneself.”  Grendler (1996, pp. 

523) defines games as “consisting of rules that describe allowable player moves, 

game constraints and privileges (such as ways of earning extra turns) and penalties 

for illegal (non permissible) actions. Further the rules may be imaginative in that they 

need not relate to real world-events.”  On the other hand, Caillois (1961) defines a 

game as “an activity that is voluntary and enjoyable, separate from the real world, 
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uncertain, unproductive (in that the activity does not produce any goods of external 

value), and governed by rules.”  The main characteristics of games are that they are 

voluntary, and typically enjoyable, physical or mental activities; they involve goals 

and ways of achieving these goals usually in the form of “moves” or actions within 

the game that can be subject to constraints or rules; they are in some way separate 

from real life.  Games can be played singly, in pairs or in teams.  The term “computer 

game” generally refers to a game that is played on a computer.  Smed and Hakonen 

(2003) define a computer game as “a game that is carried out with the help of a 

computer program.”   

 

The term “simulation” generally refers to a representation of a real system, an abstract 

system, an environment or a process that is electronically generated.  Crookall and 

Saunders (1989) view a simulation as a representation of a real world system that may 

focus on a specific aspect of reality.  Thavikulwat (1999) defines the term 

“simulation” as “a replicable representation of a process.  The representation can be 

phenotypical or genotypical.  If phenotypical, it is a reflection of the process; if 

genotypical, it is a subset.  Thus, a phenotypical representation of employment would 

have participants employ fictitious persons; a genotypical representation would have 

them employ each other.  Computer animation might make the phenotypical 

representation realistic, but it cannot make it real.  Genotypical representation, 

however, is real.”   

 

The term “computer simulation” has many definitions.  Pritsker compiled an 

inventory and found twenty-one different definitions (Pritsker, 1979). In the largest 

possible sense, McLeod (1986) defines a computer simulation as “the use of 

computers to model things”. Laurillard (2002) defines a computer simulation as an 

“artefact that embodies some model of an aspect of the real world, allows the user to 

make inputs to the model, runs the model and displays the results.”   

 

 

There is both a distinction and an overlap associated with the terms “simulation” and 

“game” which gives rise to the terms “simulation game” and “computer simulation 

game.”  Heinich, Molenda, Russell and Smoldino (1996) provide the following 

distinction between a game and a simulation: “a game is an activity in which 
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participants follow prescribed rules that differ from those of real life as they strive to 

attain a challenging goal. The distinction between play and reality is what makes 

games entertaining…A simulation is an abstraction or simplification of some real-life 

situation or process.  In simulations, participants usually play a role that involves 

them in interactions with other people or with elements of the simulated 

environment.”   

 

Simulation games are defined by Kriz (2003) as “representing dynamic models of real 

situations (a reconstruction of a situation or reality that is itself a social 

construction).  Simulation games help to mimic processes, networks, and structures of 

specific existing systems.  In addition to mirroring real-life systems, simulation games 

incorporate players who assume specific roles.”  Kriz (2003) distinguishes between 

two kinds of simulation games that are generally used: closed (rigid rule) and open 

(free form).  In rigid rule simulation games, the players receive clear instructions 

based on well-defined rules.  The problem is presented to the player(s) in a well-

defined framework, and they are expected to solve it in a target-oriented manner as 

precisely as possible by making decisions in line with the instructions.  In free-form 

games, the simulation model, rules, and flow of the gaming simulation are not given a 

priori.  On the basis of an initial scenario, models of systems are co-constructed by the 

players themselves (facilitated by experienced gaming simulation designers). 

 

Zyda (2005) defines a ‘serious game’ as: “a mental contest, played with a computer in 

accordance with specific rules, that uses entertainment to further government or 

corporate training, education, health, public policy, and strategic communication 

objectives.”  Sawyer and Smith’s (2008) taxonomy of serious games is expanded to 

include games for health, advergames, games for training, games for education, games 

for science and research, production and games as work in the areas of government 

and NGOs, defense, healthcare, marketing and communications, education, corporate 

and industry.  Games-based learning is a sub-category of Serious Games, however it 

should be noted that the terms are sometimes used synonymously for example, (Corti, 

2006).   

 

Tang, Hanneghan and El-Rhalibi (2009) generally define games-based learning as: 

“games-based learning refers to the innovative learning approach derived from the 
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use of computer games that possess educational value or different kinds of software 

applications that use games for learning and education purposes such as learning 

support, teaching enhancement, assessment and evaluation of learners.”  Figure 4.1 

shows where GBL could potentially fit in relation to games, simulations and serious 

games.   

   

Figure 4.1: Position of GBL in relation to simulations, games and serious games 

4.3 Games-Based Learning Empirical Evidence  

One of the primary concerns associated with the GBL literature is the dearth of 

empirical evidence supporting the validity of the approach (Connolly, Stansfield and 

Hainey, 2007; de Freitas, 2006).  O’Neil, Wainess and Baker (2005) believe that an 

essential element missing is the ability to properly evaluate games for education and 

training purposes.  If games are not properly evaluated and concrete empirical 

evidence is not obtained in individual learning scenarios that can produce 

generalisable results, then the potential of games in learning can always be dismissed 

as unsubstantiated optimism.  In the O’Neil study, a large amount of literature was 

collected and analysed from the PsycINFO, EducationAbs, and SocialAciAbs 

information systems.  Out of several thousand articles, 19 met the specified criteria for 

inclusion and had some kind of empirical information that was either qualitative, 

quantitative or both.  The literature was then viewed through Kirkpatrick’s four levels 

for evaluating training and the augmented CRESST model.  The majority of the 

studies reviewed analysed performance on game measurements.  Other studies 
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included observation of military tactics used, observation, time to complete the game, 

transfer test of location (in the context of a maze game), flight performance and a 

variety of questionnaires including exit, stress and motivation questionnaires.   

 

The review of empirical evidence on the benefit of games and simulations for 

educational purposes is a recurring theme in the literature and can be traced even 

further back.  For example, Randel, Morris, Wetzel and Whitehill (1992) examined 68 

studies from 1963 comparing simulations/games approaches and conventional 

instruction in direct relation to student performance. Some of the following main 

discoveries were made: 

 38 (56%) of the studies found no difference; 22 (32%) of the studies found a 

difference that favoured simulations/games; 5 (7%) of studies favoured 

simulations/games however control was questionable; 3 (5%) found differences 

that favoured conventional instruction. 

 With regards to retention, simulations/games induced greater retention over time 

than conventional approaches.  

 With regards to interest, out of 14 studies, 12 (86%) showed a greater interest in 

games and simulations over conventional approaches. 

 

Dempsey, Rasmassen and Lucassen (1994) performed a literature review ranging 

1982 to 1994 and discovered 91 sources (most of them journal papers).  The research 

was oriented (but not limited to) articles concerning instructional games using some 

sort of technology and were substantive.  The main findings of this study were that the 

majority of the articles discovered were discussion articles (n = 43) i.e. “articles which 

state or describe experiences or opinions with no empirical or systematically 

presented evidence.”  Thirty-three research articles were discovered, nine literature 

review, seven theoretical articles and four development articles.  It should be noted 

that the papers discovered could fit in to more than one of the categories, for example 

a paper may be both a literature review and a discussion article.  The study 

acknowledges that it has unsystematically sampled a very small amount of the 

literature as a whole but expects the literature to follow the trend of being dominated 

by discussion articles.   
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Hays (2005) conducted a review of 48 empirical research articles and summarised 31 

theoretical articles and 26 review articles on the effectiveness of instructional gaming, 

leading to the following five conclusions:     

 The empirical evidence is ‘fragmented’.  The literature contains research on 

different types of games, age groups and tasks and has methodological flaws and 

ill-defined terms.  Some of the methodological flaws identified in the literature 

search were the following: no control/experimental group utilised, no random 

sampling, no pre-test/post-test to assess if there was an increase in knowledge, and 

poor questionnaire design, for example, asking questions such as "did you learn 

from using the game" and using the answer to this to justify that people learned 

from the game.  Some literature encountered had no discussion of a methodology 

resulting in ambiguity as to whether an appropriate methodology was used and 

making the results questionable.   

 Despite the fact that research has shown that games can provide effective learning; 

this does not indicate to an instructor whether to use a game for a specific 

instructional task.  It is also not advisable to generalise from the effectiveness of 

one game to the effectiveness of all games. 

 No evidence exists to indicate that games are the preferred method of instruction 

in every situation. 

 Games should be embedded in instructional programs, include debriefing and 

feedback to allow the learners to understand what is happening in the game and 

how these events support instruction.  

 Instructional effectiveness of the game increases with instructional support to help 

learners understand how to use the game.   

 

Although lack of empirical evidence supporting GBL is not a new issue, the growing 

popularity of computer games in conjunction with recent advances in games and 

hardware technology, the emergence of virtual worlds and massively multiplayer 

online games (MMOGs), reinforces the need for the generation of empirical evidence.  

The following section will review some of the games in education and will critically 

evaluate the associated empirical evidence.   
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4.4 Games in Education 

This thesis will primarily focus on computer-based or digital GBL environments, 

however it should be noted that board games and trading card games exist for 

educational purposes in some of the fields discussed, for example, programming 

(Baker, Oh Navarro and Van der Hoek, 2003) and a trading card game to teach about 

pathogens (Steinman and Blastos, 2002). 

4.4.1 Games outside Computer Science 

Games are a very versatile medium and have been used for educational purposes in a 

number of different areas outside of computer science including: medicine, business, 

military training, science, mathematics, biology, writing and geography and language 

education.   

Medicine 

Games have been used in medicine primarily because of their ability to teach without 

any real consequences beyond the boundary of the game (Lennon, 2006; Roubidoux, 

Chapman and Piontek 2002; Roubidoux, 2005).  Thus medical students can learn 

safely to a respectable standard without putting the lives of patients at risk.  Games in 

medicine are not restricted solely to medical students and can be used for rudimentary 

medical education and also as a mechanism of treatment understanding and 

acceptance.  

For example, Kato and Beale (2006) performed a study to make sure that an action 

video game about cancer would be acceptable to young and adolescent cancer 

patients.  The study uses a control group to draw comparisons with the experimental 

group; a number of statistical techniques are utilised including a multiple regression 

test assessing whether changes in baseline knowledge scores were predictable from 

different factors such as age, gender and gaming experience.  The study is one of the 

few in the literature to use a long-term follow-up group to assess if the game promotes 

sustained knowledge.  As well as a knowledge test, the study performs a credibility 

and acceptability test due to the delicate nature and content of the game.  The results 

of the study was an increase in cancer related knowledge in both groups but higher in 

the Re-Mission group.  The participants sustained the heightened knowledge scores 

over time. 
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Beale, Kato, Marin-Bowling, Guthrie and Cole (2007) performed a study with 371 

young adult and adolescent cancer patients from 34 cancer treatments centres in the 

US, Canada and Australia.  The participants either received a copy of Re-Mission (a 

third person action psycho-educational game to increase cancer related knowledge of 

adolescent and young adult cancer patients) or the commercial game: Indiana Jones 

and The Emperor’s Tomb (a third person action game).  Participants were asked to 

play the game for one hour a week for up to three months.  A knowledge test for 

cancer was administered prior to contact with the game (baseline) and then again after 

one month (follow-up group) and again after three months (long term follow-up 

group).  The Re-Mission group was also required to rate the acceptability and 

credibility of the game.  Both of the participant groups increased their knowledge 

significantly, however the Re-Mission group scored significantly higher.   

 

Business 

Virtual U (http://www.virtual-u.org/) is a computer-based simulation game that is 

modelled after the highly popular SimCity series.  The game uses situated learning 

(Gee, 2003) by challenging the player to act as the president of a university and 

manage the affairs of the institution.  While Virtual U is a simulation, it is grounded in 

authentic data from 1,200 universities and colleges in the US.  No empirical evidence 

associated with Virtual U was found in this literature review; however the Virtual U 

website (2009) indicates that as of 2005 the game has been used in over 800 

institutions in 90 countries and that 25% of respondents to an installation survey are 

using it as part of formal training or a classroom exercise.  This indicates that while 

GBL is being used in education on a large scale, empirical evidence may not always 

be collected.     

 

Virtual Leader (http://www.simulearn.net) is a 3D educational simulation game 

developed by SimuLearn (co-founded by Clark Aldrich) to allow the player to 

practise and apply appropriate skills associated with effective leadership.  Virtual 

Leader is currently in use by thousands of under-graduate students, postgraduate 

students and the US military.  Fortune 500 companies such as Coca-Cola and Johnson 

& Johnson are also using it.  The empirical evidence associated with Virtual Leader is 

available online at http://www.simulearn.net/pdf/practiceware_works.pdf where four 

case studies have been performed.  The case studies results are that Virtual Leader 

http://www.simulearn.net/�
http://www.simulearn.net/pdf/practiceware_works.pdf�
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was significantly better than traditional approaches with regards to leadership skills, 

cognitive change, memorisation, application of knowledge and positive behaviours.  

One important issue this raises is that empirical evidence is not restricted to academic 

articles and can be located in the grey literature or websites for both research and 

commercialisation purposes.       

Military Training 

America’s Army (http://www.americasarmy.com/) was developed by the American 

Army to aid its recruitment process and provide players with an idea about military 

life by introducing them to key military skills such as collaboration, communication 

and navigation of challenges.  America’s Army was launched in 2002 and consists of 

the following two realistic simulations: 

 Soldiers – A RPG where players navigate various challenges to achieve goals.   

 Operations – A first-person action game allowing up to 32 players to enter “virtual 

service” with the US Army on the same unit mission.   

The empirical evidence associated with America’s Army is available online at: 

http://www.casos.cs.cmu.edu/projects/americas_army/publications.php.  The majority 

of these publications focus on factors affecting team success, movement and 

communication and team structures.  One publication directly compares America’s 

Army to a Unit of Action simulation (Schneider, Carley and Moon, 2005).  The 

results of this study are inconclusive and further development and experimentation 

with Unit of Action simulations is required for better insight.   

Science  

Squire, Barnett, Grant and Higginbotham (2004) performed a study that was part of a 

larger study examining the pedagogical potential of SuperCharged! performed at 

Chamberlain middle school.  SuperCharged! is a simulation game to assist learners to 

build stronger intuitions of electromagnetism concepts developed in consultation with  

MIT physicist John Belcher.  Players must place charged particles and control a ship 

(by altering its charge) to explore and navigate through electromagnetic mazes.  Two 

classes served as the control group with a total of 32 students and another three 

classes served as the experimental group with a total of 58 students.  In general the 

experimental group outperformed the control group in the conceptual 

http://www.americasarmy.com/�
http://www.casos.cs.cmu.edu/projects/americas_army/publications.php�
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electromagnetism exam (Mean experimental = 5.4, SD = 0.20, Increase = 1.2; Mean 

control = 4.7, SD = 0.27, Increase = 0.6).  A two-way ANOVA using post-test scores 

as the dependent variable with gender and intervention as between subject variables 

indicated that the difference in knowledge levels was significant (F(2,89) = 4.8, p < 

0.05), however there was no significant difference due to gender.      

Mathematics  

The SMILE project (http://www2.tech.purdue.edu/cg/i3/SMILE/index.html) is 

centered on developing an immersive virtual learning environment for deaf and 

hearing children (age 5–10).  Adamo-Villani and Wright (2007) describe smile as “To 

our knowledge, SMILE is the first bilingual immersive VLE (Virtual Learning 

Environment) for deaf and hearing students combining key elements of successful 

computer games, emotionally appealing graphics, and realistic real-time 3D signing, 

with goal-oriented, standards-based learning activities that are grounded in research 

on effective pedagogy”.  A formative evaluation of the second version of SMILE has 

been carried out with children showing that the application is fun and easy to use.  

The second version of SMILE embraces ‘constructivism’ and ‘constructionism’ 

learning theories to extend the user interaction giving the participant the opportunity 

to build new content and dynamically change the virtual environment.  The empirical 

evidence associated with SMILE is a formative evaluation during the preliminary 

development stages and focuses on usability and not pedagogy.       

 

Zombie Division (Baker, Habgood, Ainsworth and Corbett, 2007) is an educational 

third person action game with adventure game elements and was designed to teach 

elementary school students about division.  The player assumes the role of an Ancient 

Greek hero who must engage skeleton enemies in hand-to-hand combat to progress in 

the game environment.  Each of the skeleton enemies has a number on their chest.  

The player is equipped with a number of weapons linked to keys on the keyboard.  

Each weapon corresponds to a particular divisor number.  If the player attacks a 

skeleton with an appropriate divisor weapon then the number on the skeleton 

decrements.  Zombie Division is the main game associated with a doctoral dissertation 

by Habgood (2007) and a screenshot is displayed in Figure 4.2.     

 

http://www2.tech.purdue.edu/cg/i3/SMILE/index.html�
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The empirical evidence associated with Zombie Division discusses four studies 

conducted to empirically evaluate the effectiveness of extrinsic and intrinsic 

approaches to game development.  In each of the studies a control group is utilised, 

the dissertation particularly focuses on learning outcomes and uses a wide variety of 

statistical analysis techniques.  The results show that intrinsic approaches to designing 

games have the potential to create improven learning outcomes and higher 

motivational appeal than extrinsic approaches to designing games.  One primary 

factor that has become apparent during the literature review is that the highest 

concentration of high quality empirical evidence is located in the grey literature.   

 

 

Figure 4.2: A screen shot of Zombie Division 

Biology   

The River City Project (http://muve.gse.harvard.edu/rivercityproject/index.html) is a 

computer simulation for middle grade science students supported by the National 

Science Foundation.  The objective of River City is for students to learn 21st century 

skills, scientific enquiry, hypothesis formation and experimental design conveyed by 

means of standard-based Ecology and Biology content.  River City is a Multi-User 

Virtual Environment (MUVE) where students gain knowledge through “participatory” 

historical situations, immersive simulations and virtual museums.  The virtual world 

itself consists of a city that has a river running through it, there are various industries; 

neighbourhoods, institutions and terrains influencing the course of the water run off.  

http://muve.gse.harvard.edu/rivercityproject/index.html�
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The students can explore the city encountering digital objects including audio and 

visual clips, instructor avatars and computer-based agents.  Dede, Clarke, Ketelhut, 

Nelson and Bowman (2005) performed a study regarding motivations and learning in 

MUVEs to ascertain if a guided social-constructivist model of learning was preferable 

to students in terms of motivation and acquisition of Biology and inquiry knowledge.  

The results of the study showed an increase in Biology knowledge in the test group by 

32% to 35%, and the control group increased by 17%.  Inquiry content improved in 

the control group by 20% while the guided social constructivist group increased by 

18% and the expert modelling and coaching group increased by 16%.  Nelson (2007) 

performed a study using River City to ascertain what volume of guidance was 

preferable in MUVEs (no guidance, moderate guidance or extensive guidance).  The 

result of this study was the level of advice was ineffective, however there was a 

knowledge gain.  The no guidance group had a gain of 0.14 and the extensive 

guidance had a gain of 0.13, which was nearly identical to the control group.  Figure 

4.3 shows screen shots of River City.         

                          

 

 

 

 

 

 

Figure 4.3: Screen shots of River City 

Writing and Geography 

Quest Atlantis (http://atlantis.crlt.indiana.edu/) is a learning and teaching project 

designed to immerse children (ages 9–15) in a 3D MUVE while performing 

educational activities or Quests.  Quests are engaging curricular tasks structured to be 

entertaining as well as educational.  Quest Atlantis has four core elements: 1) a 3D 

MUVE, 2) learning quests and unit plans, 3) a storyline that is centered around a 

http://atlantis.crlt.indiana.edu/�
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mythical council and set of social commitments presented to the player by a comic 

book, an introductory video and novella and 4) a community of globally-distributed 

participants.  There is a set of seven social commitments that Quest Atlantis is 

structured around: compassionate wisdom, creative expression, environmental 

awareness, personal agency, healthy communities, social responsibility and diversity 

affirmation.  The philosophy of Quest Atlantis is based on incorporating the medium 

of story in computer game form.  The narrative is set around Atlantis, a fictional 

world run by leaders whose leadership decisions and practices are questionable.  The 

narrative allows the participants to reflect on and share real world experiences to 

bridge the gap between the virtual experience and the real world experience.  Due to 

the diverse nature of Quest Atlantis it has been used to teach various subjects, two 

examples are writing (Barab, Warren and Ingram-Goble, 2006) and Geography 

(Tüzün, Yılmaz-Soylu, Karakuş, İnal and Kızılkaya, 2008).  Figure 4.4 displays 

screen shots of Quest Atlantis.           

 

 

 

 

 

 

Figure 4.4: Screen shots of Quest Atlantis 

 

The empirical evidence associated with Quest Atlantis discovered in the literature 

review is more qualitative in nature and very little quantitative material was 

discovered.  Lim, Nonis and Hedberg (2006) performed a study involving 4 

participants, where the majority of the information collected was qualitative, there 

was no appropriate form of control used and the study was not sufficiently extensive 

to draw any generalisable conclusions. 
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Language Education 

Games for language education such as the Tactical Language and Culture Training 

System, EverQuest II and Second Life have been discussed in a previous publication 

(Connolly, Stansfield, Hainey, Josephson, Lázaro, Rubio, Rodriguez Ortiz, 

Tsvetkova, and Tsvetanova., 2008).  A brief description of each game is provided 

below: 

  

Tactical Language and Culture Training System –  The Tactical Language and 

Culture Training System (http://www.tacticallanguage.com/) by Alelo Inc provides 

self-paced foreign language training programs focusing on verbal communication, 

non-verbal communication and cultural protocols such as: awareness and sensitivity, 

politeness, gestures and etiquette.  The technology uses immersive, interactive 3D 

lessons and games to teach what to say, how to say it and when to say it.  This has 

interesting military applications in terms of enabling military personnel to adapt more 

quickly to foreign cultures when serving abroad and has the potential of equipping 

them with the knowledge to diffuse potentially violent situations peacefully.  There 

are currently three different versions of the system including: Tactical Iraqi for Iraqi 

Arabic, Tactical Pashto for Afghanistan and Tactical French for Sahel Africa.  

Tactical Dari for Afghanistan is scheduled for release soon.  Johnson and Wu (2008) 

report on a study that suggests strong evidence for the effectiveness of Tactical Iraqi 

and examines the experience of the 2nd and 3rd Battalion, 7th US Marine Regiment (2/7 

and 3/7 Marines) who trained with the game prior to a tour of duty in Iraq.  3/7 

Battalion did not suffer any combat casualties and officers believed that the game 

increased operational capacity in terms of increased language proficiency and an 

increased understanding of the situation resulting in better relationships with the local 

people.  49 participants from regiment 2/7 took part in the initial assessment of 

Tactical Iraqi; the marines from regiment 3/7 have been re-stationed to Afghanistan 

where they will be participating in a similar experiment with Tactical Dari.   Figure 

4.5 shows two screen shots of Tactical Iraqi. 

 

http://www.tacticallanguage.com/�
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Figure 4.5: Screen shots of Tactical Iraqi 

 

EverQuest II – Rankin, Gold and Gooch (2006) performed a “highly preliminary” 

study using EverQuest II to support the teaching of English as a second language.  

EverQuest II is a Massively Multiplayer Online Role Playing Game (MMORPG) and 

was preferred to World of Warcraft by the researchers as the environment has 

everything in it labelled providing visual reinforcement.  It also has the quests in the 

game documented on screen meaning that by completing the quests the learners gain 

an appreciation for colloquial meanings, verbs and adverbs.  The preliminary study 

was performed over an eight-week period with six learners – four males and two 

females.  The participants were either Northwestern graduate students or the spouses 

of Northwestern graduate students.  Two of the participants spoke Korean, two 

Chinese and two Castilian.  The results suggest that EverQuest and, possibly 

MMORPGs in general, reinforce language acquisition as the players must become 

active learners and engage with other learners within the environment.  Figure 4.6 

shows a screen shot of EverQuest II.   
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Figure 4.6: Screen shot of EverQuest II 

 

Second Life – Second Life (SL) (http://www.secondlife.com) is a persistent online 3D 

world or “metaverse” created by its users or “residents”.  SL can also be described as 

an online Multi-User Virtual Environment (MUVE).  It opened to the public in 2003 

and is now inhabited by millions of residents from all around the world.  Thousands 

of new residents join each day and the size of land within SL, which originally began 

as 64 acres, is currently over 65,000 acres and rapidly expanding.  Residents access 

SL by means of a freely downloadable client program called the SL Viewer and 

interact with other residents and objects through a customisable avatar.  As in the real 

world, SL has museums, beaches, parks, shops, schools and universities in it.  SL is 

supported by its own economy and a virtual currency called the “Linden” dollar, 

which can be converted into US dollars at online Linden dollar exchanges.  Residents 

can buy land, buy houses, explore the virtual world, and interact with other residents 

in either a socialising capacity or a conventional capacity, for example, business deals 

take place within SL as it is sometimes far more efficient than meeting in person.  SL 

provides scripting tools for interactive content and tools for construction of 3D 

objects.   

 

http://www.secondlife.com/�


 48

In terms of language education many universities and colleges have islands on Second 

Life, for example, Spain’s language and cultural institute has an island in Second Life 

and depending on the approach, students can practice their language skills in a closed 

environment or in the public part of Second Life with other residents.  Figure 4.7 

shows two screen shots of Second Life.    

           

 

Figure 4.7: Screen shots of Second Life  

4.4.2 Games in Computing 

The primary focus of this thesis is the application of GBL to teach requirements 

collection and analysis in software engineering at tertiary education level therefore 

games in computing related fields were looked at in detail.  Connolly, Stansfield and 

Hainey (2007) performed an extensive literature search specifically looking at games 

to teach software engineering concepts and their associated empirical evidence from 

1996 onwards in the first half of 2006.  The search highlighted four reasonably mature 

games: 

 KM Quest in the area of knowledge management (Leemkuil, de Jong, de Hoog 

and Christoph, 2003; Leemkuil and de Hoog, 2005); 

 Open Software Solutions (Sharp and Hall, 2000); 

 The Incredible Manager (Dantas, Barros and Werner, 2004, 2005) and 

 SimSE (Oh Navarro et al., various years). 

Two further more extensive literature reviews were performed in 2008 and 2009:  One 

focusing on developing an evaluation framework for GBL (Connolly, Stansfield and 



 49

Hainey, 2009), and another focusing on learning value and skill enhancement of 

gaming and methods of measuring the resultant outcomes and impacts (Connolly et 

al., in press).  The additional searches highlighted three additional games.   

 SimVBSE (Jain and Boehm, 2006);   

 RPG-SE (Zhu, Wang and Tan, 2007); 

 Antiphising Phil (Sheng et al., 2007). 

The seven relatively mature games have been discussed in detail in a previous study 

(Hainey, 2009).  The main findings on the evaluation of the impact of the GBL 

approach were that empirical evidence supporting GBL is severely limited.  There is 

also a distinct lack of longitudinal studies, which is made particularly worrying by the 

fact that GBL is not a new method of learning.  The 2007 study was not looking 

outside the fields of computer science, software engineering and information systems, 

however the 2008 and 2009 studies were looking at all disciplines and managed to 

confirm the fact that the lack of longitudinal studies is not isolated to the these fields 

but is a prominent problem across a much larger proportion of the GBL literature.  

Although not all disciplines are discussed in this chapter the results of the 2008 

literature review will be discussed in chapter 6.  This section will provide descriptions 

of the relevant games relating to computer science, software engineering and 

information systems and will critically review the associated empirical evidence. 

4.4.3 Literature Review Summary 

The summary of the empirical evidence associated with the games discovered in the 

literature reviews in the fields of computer science, software engineering and 

information systems is listed in Appendix 9.1.  24 studies were identified in the 

literature search in the fields of computer science, software engineering and 

information systems.  14 (58%) of these studies had no evaluation associated with 

them.  4 (17%) of the studies performed either a small quantitative or qualitative 

evaluation with a small number of participants or a small number of questions.  1 

study performed a pre-post knowledge test to see if the game improved knowledge, 

however this was not compared to an appropriate form of control.  1 study evaluated 

acceptability and usability of a game.  1 study performed a small usability analysis 

and then a larger analysis, however this was not compared to a method of control and 

the results indicated that only 7% of the respondents found the software useful.  Out 
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of the 24 studies identified, 3(13%) used a larger sample size with an appropriate 

method of control.  2 of these studies were attempting to assess whether a GBL 

approach outperformed a traditional approach.  The results of this literature search 

have show that the majority of the studies found in the fields of computer science, 

software engineering and information systems, have no empirical evaluation evidence 

or have a small evaluation performed.  Only a small number of studies (3) used an 

appropriate form of control with larger samples and no longitudinal studies were 

discovered 

4.5 Advantages and Disadvantages of Games-Based Learning 

4.5.1 Advantages 

There are a number of advantages and disadvantages cited in the literature for the use 

of computer games for learning.  Some of these advantages are to do with motivation, 

the ability of computer games to provide risk free environments, self esteem, 

versatility, emotional purification and suitability of computer games for learning.  

Motivation 

Computer games are extremely motivating and engaging by incorporating features 

that have extremely compelling, even addictive, quality (Griffiths and Davies, 2002).  

Malone and Lepper (1987) present a framework of intrinsic motivation in relation to 

computer games encompassing four individual factors and three interpersonal factors.  

On an individual level computer games can provide: challenge - an appropriate level 

of difficulty and challenge, multiple goals for winning, constant feedback and 

sufficient randomness; fantasy - an appropriate level of immersion by assuming a 

particular role and dealing with related responsibilities; curiosity - providing sensory 

stimulation to ensure prolonged participation; and control - the ability to select 

choices and observe the consequences of these choices.  On an interpersonal level 

computer games can provide: cooperation - assist others to achieve common goals; 

competition - compare their performance to the performance of other players; 

recognition - a sense of satisfaction when accomplishments are recognised.  Garris, 

Ahlers and Driskell (2002) present six dimensions that computer games can provide 

for educational purposes that are based on the work of Malone and Lepper (1987).  

These dimensions are: fantasy - imaginary themes, characters or contexts; rules/goals 
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- clear rules, goals and feedback; sensory stimuli - novel auditory and visual stimuli; 

challenge - optimal level of difficulty and goal attainment uncertainty; mystery - 

similar to curiosity providing optimal level of complexity of information; and control 

- active learner control.   

 

Thiagarajan (1996) suggests five critical characteristics of computer games: conflict - 

similar to challenge (Malone and Lepper, 1987) and encompasses the attainment of 

goals in both cooperation and competition with other players or the computer; control 

- the rules that regulate play; closure - the game has some form of ‘end point’; 

contrivance - the game is not taken too seriously by the players and they are offered 

motivation to continue; and competency - the players experience growth in their 

problem solving, skill level and knowledge.  Cordova and Lepper (1996) discovered 

that students learning by traditional methods were outperformed by students learning 

with instructional games and that control, context, curiosity and challenge increased.   

 

Teachers are always eager to find ideas that will attract and retain the attention of their 

students and educationalists have considered whether it might be possible to exploit 

the absorbing features of computer games and use them to engage students more 

effectively in learning (Garris, Ahlers and Driskell, 2002).   

Risk Free Environment 

Computer games can provide risk-free environments (Griffiths 2002; Crookall, 

Oxford and Saunders, 1987) when consequences are too costly or dangerous in real 

life (Berson, 1996; Kirriemuir and MacFarlane, 2004; Oh and Van der Hoek, 2005b), 

for example, in medical education.    Kriz (2003) points out that mistakes are normal 

and expected, and that these mistakes have no consequences within the simulated 

reality, as it is possible for the player to begin all over again.  Hence computer games 

can produce “mistake-free” learning environments where players learn through trial 

and error with immediate feedback allowing newly acquired abstract knowledge to be 

used in new domains, stimulating curiosity and increasing experimentation and 

exploration.   

 

Fripp (1993) emphasises the following advantages of simulations: motivation, 

teamwork, provide risk free environments, variety and experiential learning.  Fontana 
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and Beckerman (2004) highlight the point that with computer games “students can 

instruct themselves, repeating simulations as often as they wish without the 

embarrassment of addressing somewhat sensitive issues.”   

Self Esteem 

Learners lacking interest or confidence may be encouraged and have their self-esteem 

enhanced (Dempsey, Rasmussen and Lucassen, 1994), possibly as a result of games 

accommodating different learner types (Becker, 2007) and modes (Haughland and 

Slade, 1988) such as individualistic, competitive, cooperative and encouraging self-

paced learning (Ke, 2006; Ke and Grabowski, 2007; Zapharis, Ang and Law, 2007).  

Versatility 

Griffiths (2002) identifies some of the benefits of computer games education. 

Computer games can be used for measurement of a very wide variety of tasks, as they 

are adaptable and easily standardised.  They can be used as research tools due to their 

great diversity.  They attract participation by individuals across many demographic 

boundaries and can assist children in setting goals by providing feedback, goal 

rehearsal, and maintaining records of behavioural change.  Computer games can be 

useful when examining individual characteristics such as goal setting, self-esteem, 

self-concept and individual differences.  They can provide elements of interactivity 

and have the ability to hold an individual’s attention for long periods of time.  The 

participants are allowed to experience curiosity, challenge, novelty and fun, possibly 

stimulating learning.  Children can have access to technology that may help overcome 

technophobia and may assist in the development of transferable IT skills.  Players are 

allowed to engage in “extraordinary” activities as computer games can act as 

simulations and allow adolescents to regress to childhood as reality is suspended.   

Emotional Purification 

Catharsis theory (Vygotsky, 1971) indicates that “purification” and purging of 

negative emotions such as aggression is psychologically positive (Bushman, 2002).  

This suggests that playing violent computer games may be a useful mechanism for 

releasing pent-up aggression and diffusing anger (Emes, 1997).  There is evidence in 

the GBL literature showing that computer games have been used for the purpose of 
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preventing childhood violence and increasing knowledge and attitudes about conflict 

resolution (Fontana and Beckerman, 2004).      

Suitability of Computer Games for Learning 

Connolly, Stansfield, McLellan, Ramsay and Sutherland (2004) suggest that computer 

games build on theories of motivation, constructivism, situated learning, cognitive 

apprenticeship, problem-based learning, and learning by doing.  By creating virtual 

worlds, computer games integrate “…not just knowing and doing. Games bring 

together ways of knowing, ways of doing, ways of being, and ways of caring: the 

situated understandings, effective social practices, powerful identities, and shared 

values that make someone an expert” (Shaffer, Squire, Halverson and Gee, 2004).  

Games and simulations fit well into the constructivist paradigm and “generally 

advocate the active acquisition of knowledge and skills, collaboration and the use of 

authentic and realistic case material” (Christoph, Sandberg and Wielinga, 2003 citing 

Brown, Collins and Duguid, 1989).  The use of computer games can be linked to the 

display of “expert” behaviours such as: superior long and short-term memory, pattern 

recognition, qualitative thinking, principled decision-making and self-monitoring 

(Van Deventer and White, 2002).   

 

O’Neil, Wainess and Baker (2005) highlight that computer games are seen as useful 

for instructional purposes and are “hypothesised to provide multiple benefits: (a) 

complex and diverse approaches to learning processes and outcomes; (b) 

interactivity; (c) ability to address cognitive as well as affective learning issues, and 

perhaps most importantly, (d) motivation for learning.”   Gee (2003) identifies thirty-

six different learning principles as to why games are good for learning.  Some of these 

learning principles are: identity - how a game immerses and captures the player, 

interaction - appropriate feedback providing additional problems based on the players 

decisions, production - the players seeing the decisions they make as helping to 

“write” the world, possibly leading to prolonged participation, risk taking - decrease 

the consequences of failure allowing the player to experience a minimum of real 

world consequences or no consequences at all, customisation - players are allowed to 

customise their own desired attributes such as character customisation or difficulty 

setting,  agency - the player has a sense of ownership over what they are doing. 
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4.5.2 Disadvantages 

The negative aspects associated with computer games in the “empirical” literature 

nearly “always involve people who were excessive users” of computer games 

(Griffiths, 2002).  Connolly and Stansfield (2007) point out that the majority of the 

disadvantages cited in the literature revolve around the “long-term effects of violence 

on game players, however there is no consensus on this”.  Some of the disadvantages 

cited in the GBL literature are centered around lack of empirical evidence, destructive 

behaviour and attitudes, logistics, costs disagreements and misconceptions.  

Lack of Empirical Evidence 

The primary disadvantage that is being discussed in this chapter is that there is a 

dearth of empirical evidence supporting GBL (Connolly, Stansfield and Hainey, 2007; 

de Freitas, 2006; Bredemeier and Greenblatt, 1981; Druckman, 1995).  There is a 

distinct lack of longitudinal studies and a lack of evaluation frameworks (O’Neil, 

Wainess and Baker, 2005).   Squire (2002) states “the pedagogical potential of games 

and social contexts of gaming have been woefully unexamined” and points out that 

previously performed reviews of games and learning have not highlighted any large 

benefit associated with the use of a GBL approach.  Leemkuil (2005) points out that 

there are very few studies comparing the effectiveness of the use of computer games 

compared to other forms of instruction such as role-playing, paper-based case-studies, 

lectures, tutorials and labs etc.   

 

de Freitas and Oliver (2006) point out that earlier studies of computer games in 

education found that more specialised methods of evaluation are necessary for 

educational computer games and there has been no distinction drawn between 

educational games and leisure time games meaning that educational game evaluation 

has typically rested on leisure-based games.  Griffiths (2002) identifies some of the 

disadvantages of the application of computer games in education as: computer games 

can cause participants to become excited during play resulting in the production of a 

wide array of confounding variables associated with individual skill and motivation.  

In terms of evaluation, it is highly difficult to evaluate educational impact across 

studies due to the rapid advancement of computer game technology.  Results may be 

skewed when evaluating particular GBL interventions as the participants practice and 
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experience may enhance performance on particular games.  Shaffer, Squire, 

Halverson and Gee (2004) point out that most educational computer games have been 

developed with no underlying body of research or coherent learning theory.  Virvou, 

Katsionis and Manos (2005) citing Brody (1993) point out that “the marriage of 

education and game-like entertainment has produced some not-very-educational 

games and some not very-entertaining learning activities.”  

Destructive behaviour and attitudes            

Provenzo (1991, 1992) claims that computer games: “(a) can lead to violent, 

aggressive behaviour (Emes, 1997); (b) employ destructive gender stereotyping; (c) 

promote unhealthy ‘rugged individualist’ attitudes and (d) stifle creative play” (as 

cited in Squire, 2003).  Other negative aspects of gaming that researchers emphasise 

include gaming addiction (Griffiths and Hunt, 1998); poor sleep patterns (Higuchi, 

Motohashi, Liu and Maeda, 2005); obesity (Vandewater, Shim and Caplovitz., 2004); 

the prevalence in computer games of violent imagery (Smith, Lachlan and Tamborini, 

2003); and problematic cultural ideologies (Gottschalk, 1995).  Rosas et al. (2003) 

highlights that the most commonly studied negative effects of computer games are: 

aggression, gender bias and an immersion effect causing an alienation effect resulting 

in an ‘electronical autism’. 

Logistics, costs disagreements and misconceptions 

Prensky (2001) identifies some of the disadvantages of computer games in education 

associated with logistics, high cost and disagreements and misconceptions about the 

place of games and fun in learning.  Logistically, educational computer game 

environments require distribution, installation and support.  Software installed must 

be compatible with hardware and software that is already present in the organisation 

or educational setting (Foreman, 2004).  Rosas et al. (2003) also highlights some of 

the issues associated with implementation in a school system as: coverage (which is 

particularly problematic in developing countries), teachers resistance towards the 

technology-centered learning approach and complexities associated with edutainment 

in terms of being entertaining but still lacking those attractive attributes for children 

since the primary focus is the pedagogical activity.  Development of a fully 

interactive, engaging, immersive GBL environment can be very costly and time 

consuming requiring planning, design and implementation.  This also means that only 
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certain organisations are able to afford a GBL application and it may prove difficult to 

implement in institutions with limited resources.  There are organisations that 

specifically develop GBL applications for other organisations; however this is not an 

inexpensive process in itself.  The process requires an entire team of developers 

consisting of graphics designers, programmers, and scriptwriters etc.  There is still 

resistance to the incorporation of GBL into training or education, as “traditionalists” 

believe that learning is serious and the introduction of fun will mean that learning is 

no longer engaging or taken seriously reducing retention.                 

4.6 Summary of Empirical Review of Games in Education 

This literature review has attempted to explore the place of GBL and serious games in 

relation to games and simulations and attempted to provide a contribution of where 

GBL fits in.  The two primary purposes of the literature review were: firstly, show the 

diversity of the application of GBL in a number of different areas and secondly to 

provide a critical review of the empirical evidence associated with the reviewed 

computer games but particularly focus on empirical evaluation of computer games 

used in the education of computer science, software engineering and information 

systems.  The advantages and disadvantages of GBL were then summarised from the 

literature review. The main findings of the review are as follows:   

 GBL environments have been used in a wide variety of subjects suggesting that it 

is a highly adaptable form of learning with many different potential applications 

that have not yet been fully explored and validated.   

 There is a dearth of empirical evidence in the fields of computer science, software 

engineering and information systems to support the use of GBL.  The additional 

literature reviews performed in 2008 and 2009 have identified three additional 

games and no significant improvement to the state of empirical evidence, as 

rigorous evaluations of current mature games have not been carried out.  There 

still remains an absence of longitudinal studies.   

 The problem of the dearth of empirical evidence is not isolated specifically to 

computing science, software engineering and information systems and is every bit 

as much of a problem in all the areas encountered in the literature review. 

 With the exception of a few examples in the literature, the majority of which are 

located in unpublished doctoral dissertations; when evaluation is carried out it is 
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not necessarily attempting to address the question of “does the GBL condition 

provide a better platform for learning than traditional methods of teaching?”  The 

evaluation may have been carried out to assess issues such as aspects of usability, 

acceptability, attitudes toward computer games, attitudes to the taught subject and 

technical aspects of the software.   

 Empirical evidence is not restricted to electronic databases and can be located at 

websites for particular games, for example three unpublished doctoral 

dissertations containing a large amount of empirical evidence have been retrieved 

from websites.     
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5. Background Research: A Comparative Analysis of Three 

Surveys Carried Out at HE Level of Students’ Motivations for 

Playing Computer Games for Leisure and Within HE   

5.1 Introduction 

This chapter will describe the main findings of three surveys performed at Higher 

Education (HE) level at the University of the West of Scotland in 2005, 2007 and 

again in 2009.  The primary reason for running these surveys was to collect useful 

information on the use of computer games by students at HE level, since this 

particular research topic is the application of GBL to teach requirements collection 

and analysis in software engineering at tertiary education level.  It was deemed very 

important to gather empirical evidence about the general use of computer games at 

university level prior to and during the development of the requirements collection 

and analysis prototype.  The purpose was to gauge the potential acceptability of the 

developed game in HE and the potential for online collaborative games to gain insight 

into the motivations for playing computer games to inform the prototype game design.  

The empirical data focused on: student interest in a GBL alternative in a HE context, 

the length of time students play computer games, motivations for students playing 

computer games in general, motivations for playing games in HE, motivations for 

prolonged participation in playing computer games, skills that could potentially be 

acquired, types of games that are more preferable, types of students that are more 

likely to play computer games (particularly focusing on gender) and general  

demographic information.   

 

For a full discussion on the study performed on motivations for playing computer 

games in HE at the University of the West of Scotland in 2005 the reader is directed 

to Connolly, Boyle, Stansfield and Hainey (2007); Connolly, Boyle, Stansfield and 

Hainey (2006) and Connolly, Boyle and Hainey (2006).  For a full discussion of the 

2007 study the reader is directed to Connolly, Boyle and Hainey (2007).  The results 

of these two studies proved to be broadly consistent.  The study in this chapter 

analyses the results from the 2009 study and addresses whether this study is consistent 

with the previous studies two years later in the same context and thus whether 

motivations, game playing habits, preferred games types and attitudes have remained 
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consistent over a 4 year period in HE.  This chapter will contribute to one of the first 

longitudinal studies in the GBL literature and will determine whether game playing 

habits, motivations for playing games in general and in a HE context remain 

consistent as a period of time passes.  One of the primary motivations for performing 

these studies is to provide valuable empirical evidence in the GBL literature and to 

provide the start of an important longitudinal study as there is a lack of longitudinal 

studies in the literature.      

       

5.2 Methods Used to Collect Data in the 3 Studies 

5.2.1 Participants 

Participants in Study One (2005) 

The survey was carried out across all students at the University of the West of 

Scotland.  Out of approximately 12,070 students surveyed, there were 972 

respondents, of which 428 (44%) were male and 544 (56%) were female.  This 

compares with a gender breakdown in the University as a whole of 33% males and 

66% females.  The mean age was 26.6 (SD = 9.71) with a range from 17 to 58.  The 

mean age for males (26.1 SD = 9.6) was lower than the mean age for females (27.7; 

SD = 10.2), (Z = -1.889, p < 0.059). 

 

Of the 971 participants who answered the question of whether they were full-time or 

part-time students at the University of the West of Scotland, 752 (77.4%) were full-

time students and 219 (22.6%) were part-time students.  This is slightly higher than 

the University full-time student population of 65% and lower than the University part-

time student population of 35% for the year 2005. The breakdown of students across 

the different schools in the University was broadly in line with the student population. 

Participants in Study Two (2007) 

All undergraduate and post-graduate students at the University of the West of 

Scotland were emailed to tell them about the computer games motivations 

questionnaire.  Out of approximately 13,880 students surveyed, there were 556 

respondents; 5 were deleted, as they had not completed the questionnaire properly.  Of 
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the remaining 551, 328 (59.4%) were female and 220 (40%) were male.  This 

compares with a gender breakdown in the University as a whole of 36% males and 

64% females, although the proportion of females was higher in this sample than in 

study 1. 

 

The mean age was 27.15 (SD = 9.53) with a range from 17 to 63.  The mean age for 

males (25.97, SD = 9.04) was lower than the mean age for females (28.16, SD = 

9.77), (Z = -1.923, p < 0.06).  431 were full-time students and 119 were part-time 

students.  

Participants in Study Three (2009) 

All undergraduate and post-graduate students at the University of the West of 

Scotland were emailed to tell them about the computer games questionnaire.  Out of 

approximately 18,000 students surveyed, there were 704 respondents; 1 was deleted, 

as the questionnaire had not been completed properly.  The questionnaire that was 

deleted had only the banner ID of the student and no other fields answered.  Of the 

remaining 703, 376 (53.5%) were female and 327 (46.5%) were male.   

 

The mean age was 25.91 (SD = 8.82) with a range from 17 to 77, which is consistent 

with an overall average student age of 25.  The mean age for males (24.73, SD = 8.21) 

was significantly lower than the mean age for females (26.94, SD = 9.21), (Z = -

3.082, p < 0.002).  700 respondents specified whether they were full-time or part-

time, 606 were full-time students and 94 were part-time students.  

Participants in Study One, Two and Three 

Studies 1, 2 and 3 were independent studies carried out using three separate data 

collection points for a period of two weeks in March 2005, 2007 and 2009.  The 

studies used completely independent groups.  The banner ID was used as exclusion 

criteria so, for example, if a student had completed the questionnaire in 2005 and then 

again in 2007, the 2007 entry was deleted.  All three studies were checked for 

duplicate banner ID identification numbers and adjusted accordingly to ensure that the 

groups were independent.        
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5.2.2 Materials Used in the Studies 

Questionnaire: As well as demographic questions, computer games specific questions 

included: whether or not participants played computer games; how many hours per 

week and how many years they had been playing for.  

 

Reasons for playing games: Malone and Lepper’s (1987) framework was used to 

examine the reasons for playing computer games (challenge, fantasy, curiosity, 

control, cooperation, competition, and recognition).  Early qualitative research from 

study 1 suggested that leisure, pleasure and relaxation were also important reasons for 

playing computer games so they were added as well.  Participants were required to 

consider each possible reason for playing computer games and rate how important it 

was for them on a Likert scale with the following categories: very unimportant; 

unimportant; neutral; important; very important; don’t know.  

 

Reasons for using computer games for learning in University: In addition students’ 

ratings of the importance of these reasons for using computer games for learning in 

University were examined.  Participants were also asked to respond to the question: 

“If you had the opportunity to use computer games for learning in your programme at 

University, how would you rate each of the following reasons in terms of importance 

in learning?” Rating categories were the same as before.   

 

Games played: Students were also asked which games they played from the following 

categories - strategy, fighting, racing, shooting, platform, role-playing (RPG), 

simulation, adventure and sport.  Students were asked to indicate with a 0 games that 

they do not play.  For games that they do play they were asked to rank the games they 

played most frequently where 1 indicated most frequent and 9 least.  

 

The primary difference between study one and the other two studies is that studies 

two and three had additional questions on attitudes to computer games.  These 

questions were added as some of the open-ended responses in study one indicated that 

gathering information on attitudes was useful.  All other questions were identical.   

 

The Questionnaire on Motivations is available at Appendix 1. 
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5.2.3 Procedure Used in the Studies 

The questionnaire was made available through the online questionnaire packages: 

Perception for Study 1 and SurveyMonkey for Study 2 and 3, for a two-week period 

during March 2005 (Study 1), March 2007 (Study 2) and March 2009 (Study 3).  

Participation was voluntary and participants were notified of the availability of the 

questionnaire through email and a login notice posted in the BlackBoard Virtual 

Learning Environment (which the majority of students use).  Notices were also posted 

across the University.  Respondents completed the questionnaire online at their 

convenience during this period.  Access to the questionnaire was controlled using the 

students’ BlackBoard usernames and passwords, and the students’ unique banner 

identification number was used to ensure a student only completed the questionnaire 

once.  

5.3 Results 

Game Playing Habits 

78.4% of students in study 3 played computer games, which was lower than study 1 

where 85.6% played and higher than study 2 where 69.2% played.  77.7% is the mean 

of all three studies. 

 

90.8% of male students in study 3 played computers games, which is consistent with 

the findings of study 1 and 2 where 91.8% and 89% of male students played, 

respectively.  66.4% of female students in study 3 played computer games, 80.7% of 

females played in study 1, and 55.8% of females played in study 2.  This was mainly 

attributable to the relatively low number of female students in study 2 who played.   

 

To calculate the mean time spent playing games the time bands used as responses 

were recoded with their mean value (e.g. 1-5 hours was recoded as 3, 6-10 was 

recoded as 8, 11-15 was recoded as 13, 16-25 was recoded as 20.5,  less than 1 was 

recoded as 1 and more than 25 was recoded as 21).  Using this recoded data the 

average number of hours played per week in study 3 was 7.57 hours (SD = 6.17) 

which is consistent with study 1 and 2 where the average number of hours was 7.54 

hours (SD = 5.70) and 7.72 hours (SD = 7.14) respectively.   
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A Mann Whitney U test showed that males in study 3 played games for significantly 

longer per week (9.35 hours; SD = 6.57) than females (5.25 hours, SD = 4.68), (Z = -

6.890, p < 0.000) and a significantly higher percentage of men (37.2%) than women 

(10.6%) played for more than 6-10 hours per week.  A Mann Whitney U test also 

showed that males in study 1 played for significantly longer (8.46 hours, SD = 6.28) 

than females (3.65 hours, SD = 3.83); (Z = -11.41, p < 0.000) and a significantly 

higher percentage of men (24%) than women (4%) played for more than 6-10 hours 

per week.  A Mann-Whitney U test also indicated that males in study 2 played games 

for significantly longer per week (7.46 hours, SD = 4.12) than females (4.93 hours, 

SD = 3.24), (Z = -4.831, p < 0.000) and a significantly higher percentage of men 

(40.6%) than women (11%) played for more than 6-10 hours per week.  Males 

playing computer games for significantly longer per week is common to all three 

studies with a significantly greater percentage of males than females playing for more 

than 6-10 hours per week.     

 

49.8% of the students participated in online gaming in study 3, compared with 37% in 

study 1 and 40.3% in study 2.  56.7% of online gamers were male and 43.3% were 

female which is consistent with the game player data of the ESA (2009).  There was a 

significant relationship between gender and participation in online gaming in study 3 

(2(1) = 60.087, p < 0.001) with men (66.4%) more likely to take part than women 

(27.9%).  This is consistent with study two where a Chi-square test indicated that 

there was a significant relationship between gender and participation in online gaming 

(2(1) = 11.487, p<0.001) with men (49.1%) more likely than women (30%) to take 

part.  

 

Mann-Whitney U tests indicated that students taking part in online gaming played for 

significantly more hours per week (10.21) than those who did not (4.95), (Z = -9.158, 

p < 0.000) which is consistent with study 2 where students taking part in online 

gaming played for significantly more hours per week (11.35 hours) than those who 

did not (4.96 hours), (Z = -7.626, p < 0.000).  This was also a significant finding in 

study 1.  A Mann-Whitney U test also indicated that those who played online games 

played for significantly more hours per week (9.79 hours) that those who did not (6.04 

hours), (Z = -9.803, p < 0.000). 
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The majority of students (58.2%) in study 3 preferred single player to multiplayer 

games which is consistent with study 1 and 2 which were 78% and 59.7% preferred 

single player games respectively.  A Chi-square test indicated that there was a 

significant relationship between gender and preference for single or multiplayer 

games (2(1) = 8.027, p < 0.005).  A higher percentage of males (47.8%) than females 

(33.9%) preferred multiplayer games which is consistent with study 2.  71.8% of 

those who do not play online prefer single player games in study 3 which again is 

consistent with study two where 73.9% of those who do not play online prefer single 

player games.     

 

On average in study 3 participants had been playing computer games for 12.73 years 

(SD = 5.36) with a range of 0 to 30 years.  In study one participants had been playing 

games for an average of 11.55 years (SD = 4.08) with a range from 2 to 29 years and 

in study 2 an average of 12.98 years (SD = 5.59) with a range from 0 to 30 years.  The 

average participant from all three studies taking into account the average age (study 1: 

26.6, SD = 9.71, range 17 to 58; study 2: 27.15, SD = 9.53, range 17 to 63; study 3: 

25.91, SD = 8.82, range 17 to 77) had been playing computer games for just under 

half of their life.  In all three studies male respondents had been playing computer 

games for significantly longer than females (study 1: males = 13.41 years, females = 

10.56 years, (Z = -7.997, p < 0.000); study 2: males = 14.59 years, females = 11.1 

years, (Z = -5.574, p < 0.000); study 3: males = 13.4 years, females = 11.8 years, (Z = 

-3.214, p < 0.001).           

Reasons for Playing Computer Games 

Table 5.1 shows the mean ratings for each reason for playing computer games, along 

with the order of importance of its rating for study 1, 2 and 3.  Three of the four 

highest rated reasons for playing games in all three studies were pleasure, relaxation 

and leisure, suggesting that games are being played primarily for relaxation and 

enjoyment.  Challenge was rated as the third most important reason for playing games 

in studies 1 and 2, but is ranked 4th in study 3.  Fantasy and curiosity were rated less 

important with recognition rated the least important reason for playing computer 

games in study 1 and 2 and rated 9th in study 3.   
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Table 5.1: Reasons for playing computer games 

 Study One Study Two Study Three 

Reasons Rank Mean  SD Rank Mean SD Rank Mean SD 

Relaxation 1st 4.32 0.829 2nd 4.12 0.975 2nd 4.07 0.863 

Pleasure 2nd 4.25 0.727 1st 4.21 0.821 1st 4.14 0.785 

Challenge 3rd 3.93 0.766 3rd 4.05 0.925 4th 3.85 0.986 

Leisure 4th 3.79 0.787 4th 3.95 1.071 3rd 3.86 0.971 

Curiosity 5th 3.32 0.845 5th 3.68 1.061 5th 3.42 1.169 

Fantasy 6th 3.13 0.928 6th 3.38 1.255 7th 3.11 1.405 

Cooperation 7th 3.03 0.950 8th 3.17 1.094 8th 2.94 1.169 

Control 8th 2.96 1.067 9th 2.92 1.150 10th 2.20 0.964 

Competition 9th 2.74 0.963 7th 3.30 1.188 6th 3.13 1.196 

Recognition 10th 2.30 0.806 10th 2.53 1.126 9th 2.39 1.154 

 

The biggest difference between study 1 and 2 was for ratings of competition, which 

was rated as more important in study 2 (3.30) than in study 1 (2.74).  The biggest 

difference between study 2 and 3 was the rating for cooperation and was rated more 

important in study 2 (3.17) than study 3 (2.94).  Online players rated all reasons as 

more important reasons for playing games in study 3, suggesting they derive more 

challenge, competition and enjoyment from playing games.  This was also consistent 

with study 2 with the exception of curiosity and leisure.   

Reasons for Playing Computer Games When They Get More Difficult 

374 respondents in study 3 answered an open-ended question about what stimulates 

them to keep playing a game when it gets progressively more difficult, although 7 of 

these responses were deleted because the question was not fully completed leaving 

367.  The responses were grouped into 10 broad categories.  It should be noted that 

students’ answers to this question could mention more than one of the categories 

resulting in a slight overlap.  125 participants selected challenge of completing the 

game; 86 participants selected completion of the entire game; 64 participants selected 
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achievement from completion of the game; 46 selected determination – persevering 

with the game regardless of difficulty; 40 selected competition with others or oneself; 

34 selected story/narrative experienced while playing; 32 selected advancement in the 

game or in game skills or character development; 10 selected fun experienced while 

playing a game; 9 selected curiosity experienced while playing a game. 

 

In comparison with study 1 and 2, challenge and completion still remain the two 

highest-ranking motivations for prolonged participation.  Table 5.2 shows the 

rankings of most important motivations for all three studies.  There is an increase in 

the importance of advancement in study 3 in comparison with study 2 and a decrease 

in the importance of competition.   

Table 5.2: Rankings of most important motivations for prolonged participation 

 

 

 

 

 

 
Study One 
Importance

Study Two 
Importance

Study Three 
Importance 

Challenge 1st 1st 1st 

Completion 2nd 2nd 2nd 
Achievement 3rd 4th 3rd 
Determination 4th 6th 4th 
Advancement 5th 8th 7th 
Fun 6th 9th 8th 
Competition *** 3rd 5th 
Story/Narrative *** 5th 6th 
Curiosity *** 7th 9th 
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The Types of Games Played 

The analyses of the types of games played compared game preference of male and 

female students.  The first analysis examined whether or not students played each type 

of game.  All rankings of games from 1 to 9 were recoded as 1 to indicate simply that 

the student plays that game.  Summing the number of games ranked by participants 

showed that male students play a greater variety of games than female students (Z = -

7.201, p < 0.000).  On average males ranked 5.18 games and females 3.07.  The 

comparable figures for study 1 was 6.34 for males and 4.67 for females and study 2 

for males 6.15 games and females 5.00. 

Table 5.3 shows the numbers and percentages of males and females who played each 

type of game.  For each game there were more males who played that game than did 

not, while for women there were many more women who did not play the game than 

who did.  Chi-square tests revealed highly significant differences between males and 

females in game-playing, with a significantly higher proportion of males than females 

playing each game type.  

Table 5.3: Numbers and percentages of students playing different types of game, 

mean rank and order of preferences of games split by gender 

 Males Females  

 
 
 

n 
 

Percent Mean 
rank 

Order N 
 

Percent Mean 
 rank 

Order 

Strategy Yes 190 58.1% 4.49 2 148 39.3% 3.61 1
  No 137 228   

Fighting Yes 183 55.9% 5.38 7 119 31.6% 6.50 9
  No 144 257   

Racing Yes 189 57.7% 5.14 5 125 33.2% 5.20 6
  No 138 251   

Shootemup Yes 203 62% 3.58 1 108 28.7% 6.33 8
  No 124 268   

Platform Yes 175 53.5% 5.67 8 124 32.9% 4.83 5
  No 152 252   

RPG Yes 185 56.5% 4.86 3 129 34.3% 4.25 3
  No 142 247   

Simulation Yes 177 54.1% 5.97 9 126 33.5% 4.79 4
  No 150 250   

Adventure Yes 191 58.4% 5.03 4 141 37.5% 4.12 2
  No 136 235   

Sports Yes 202 61.7% 5.19 6 136 36.1% 5.45 7
  No 125 240   
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Table 5.3 also shows the mean ranking of games for male and female students where 

a lower mean represents a stronger preference.  To compare gender differences in 

game preference, the order of preference was compared.  For male students, shooting, 

strategy and role-playing games were ranked as the type of game played most 

frequently, while the lowest ranked were simulations, platforms and sports and racing.  

Shooting, strategy and adventure were the most popular with males in study 1 and 2.  

In the current study, females rated strategy, role-playing and adventure games as those 

played most frequently with fighting, shooting and sport played least often. Strategy, 

platform and adventure were most popular with females in study 1 and 2.  In all three 

studies male students ranked shoot-em-ups as the game they play most frequently and 

females ranked them as one of the games they play least.    

Use of Computer Games for Learning in HE 

There were 338 responses to the question: “Do you believe that computer games can 

be used to learn in a Higher Education environment?” Each response was categorised 

as “Yes”, believing that computer games could be used, “No”, claiming that computer 

games did not have a role to play in learning or “Possibly” where the respondent was 

unsure about whether computer games would be useful in learning.  

 

198 (58.5%) of students thought that computer games did have the potential to be 

used in HE, 66 (19.5%) said no and 74 (22%) said possibly.  In study 2, 173 (69%) of 

students thought that computer games did have the potential to be used in HE, 40 

(16%) said no and 37 (14.8%) said possibly.   In study 1, 85.1% believed that they 

could, with only 7% stating that they could not. 3.8% of participants believed that it 

was possible but it would depend, while 4.1% said that they did not know.    

 

Those who did not agree that computer games were useful in learning in HE gave a 

number of reasons including that they already spend long enough looking at computer 

screens, that computer games would be distracting and that games would lead to 

poorer quality learning.   
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Reasons for Playing Computer Games in HE 

Table 5.4 shows the students’ mean ratings of the different reasons for playing games 

in HE from study 1, 2, and 3.  The top three rated reasons for all three studies were 

challenge, curiosity and cooperation, which were all rated as important.  Fantasy, 

leisure and recognition were rated least important.  Pleasure and relaxation, which 

were omitted from study 1, were rated as important reasons for playing games in HE 

in study 2 and 3 suggesting that students see no contradiction in thinking of these 

features as being associated with learning.  Students who play games gave 

substantially higher ratings of the importance to all characteristics suggesting that 

games players would be more positive about games in learning.  Males rated 

challenge, competition, curiosity and pleasure as significantly more important as 

reasons than females in study 2; however no significant differences between males 

and females were detected on any characteristics in study 3. 

 

Table 5.4: Students’ ratings of the importance of reasons for using games in HE 

for study one, two and three 

 Study One Study Two Study Three 
Reasons Mean 

rating 
Importance Mean 

rating 
Importance Mean 

rating 
Importance 

Challenge 4.04 1st 3.87 1st 3.86 1st 
Curiosity 3.57 2nd 3.69 2nd 3.53 3rd 
Cooperation 3.39 3rd 3.59 3rd 3.61 2nd 
Leisure 3.11 4th 2.80 9th 2.61 9th 
Competition 3.11 4th 3.06 6th 3.22 6th 
Control 2.89 5th 3.06 6th 3.04 7th 
Recognition 2.74 6th 2.97 8th 3.02 8th 
Fantasy 2.64 7th 2.52 10th 2.56 10th 
Pleasure  *** *** 3.32 5th 3.47 4th 
Relaxation *** *** 3.50 4th 3.38 5th 

Skills in HE 

Table 5.5 shows responses to the question “What types of skills do you think can be 

obtained from computer games that would be relevant to Higher Education?”  

Problem solving and critical thinking were consistently the two highest rated skills in 

all three studies.  The consistently lowest rated skill in all three studies was reflection. 
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Table 5.5: Skills that can be obtained from computer games 

 Study One Study Two Study Three 

Types of skills N Percentage N Percentage N Percentage 
Problem solving  771 93.1% 323 92.1% 392 93.1% 
Reflection 294 35.5% 121 34.3% 141 33.4% 
Analysis and 
classifying 

417 50.3% 228 65.2% 259 61.5% 

Collaboration and 
teamwork 

495 59.7% 215 61.2% 264 62.7% 

Leading and 
motivating  

269 32.4% 134 38.5% 165 39.1% 

Critical thinking  589 71.1% 247 70.5% 290 68.8% 
Management  262 31.6% 119 34.0% 154 36.5% 
Creativity 483 58.3% 223 63.7% 289 68.6% 
Recollection 242 29.2% 151 43.1% 151 35.8% 

Attitudes to Computer Games 

The questionnaire was altered for study 2 to collect information on basic attitudes 

towards computer games and remained consistent for study 3.  The alteration occurred 

because answers provided to open-ended questions in the previous survey suggested 

that collecting information on attitudes would assist in refining the questionnaire.  As 

a result comparisons can only be made for attitudes between study 2 and 3.  Table 5.6 

shows the attitudes to computer games split by gender and study.  A Mann Whitney U 

test indicated no significant changes in overall attitudes between study 2 and 3.  In 

study 2 there were significant differences between male and females regarding 

attitudes towards games being a social activity, enjoyable, interesting and worthwhile.  

The results of study 2 suggest that males consider playing games to be more of a 

social activity than females (Z = -3.621, p < 0.000).  The results also indicate that 

males consider playing games to be more interesting (Z = -3.632, p < 0.000), more 

enjoyable (Z = -3.415, p < 0.001), a more worthwhile activity (Z = -3.311, p < 0.001), 

and more exciting (Z = -3.031, p < 0002) than females.  Females believed that playing 

games is significantly more of a waste of time than males (Z = -2.316, p < 0.021).  

The results from study 3 support the results of study 2.  People who played computer 

games had significantly more positive attitudes towards games than people who did 

not play computer games.  The only exception was that they were more likely to agree 

that playing games was time consuming.   
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Table 5.6: Attitudes to computer games split by gender and study 

 Males Females 

 Study Two Study Three Study Two Study Three 

 Mean SD Mean SD Mean SD Mean SD 

Playing games is a 
sociable activity 

3.77 1.10 3.85 1.07 3.34 

 

1.15 

 

3.29 

 

1.06 

 

Playing games is a 
waste of time 

2.07 0.96 2.11 1.07 2.33 

 

1.03 

 

2.34 

 

0.89 

 

Playing games helps to 
develop useful skills 

3.80 0.88 3.59 0.85 3.62 

 

0.86 

 

3.61 

 

0.73 

 

Playing games is time 
consuming 

3.96 0.83 3.98 0.83 3.94 

 

0.37 

 

3.83 

 

0.84 

 

Playing games is 
interesting 

4.16 0.79 4.15 0.70 3.83 

 

0.87 

 

3.81 

 

0.82 

 

Playing games is a 
worthwhile activity 

3.75 0.94 3.75 0.85 3.46 

 

0.92 

 

3.43 

 

0.85 

 

Playing games is an 
enjoyable activity 

4.31 0.74 4.39 0.70 4.02 

 

0.86 

 

4.05 

 

0.76 

 

Playing games is a 
lonely activity 

2.83 1.10 2.44 1.05 2.80 

 

1.14 

 

2.88 

 

0.93 

 

Playing games is a 
valuable activity  

3.39 0.90 3.35 0.91 3.20 

 

0.91 

 

3.20 

 

0.81 

 

Playing games is 
exciting  

4.04 0.94 4.13 0.75 3.78 

 

0.90 

 

3.72 

 

0.89 

 

5.4 Discussion 

Study 3 supported some of the findings in study 1 and 2.  Computer games 

consistently play an important role in the lives of University students with students 

playing an average of 7.61 hours per week when all 3 studies are brought into 

account.  Generally more males play computer games than females.  Online male 

players played for substantially longer than females and those who do not play online.  

Reasons for playing computer games are also broadly consistent across the three 

studies with relaxation, pleasure and challenge rated as the top reasons.   

 

The studies have shown a high level of acceptance that games could play a role in 

learning in HE.  Challenge, curiosity and cooperation are regarded as important 

features of games for learning in HE with students who play games rating all reasons 

as more important than those who do not in study 3. 
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Strategy, adventure and role-playing games were amongst the most popular for both 

male and female students and it seems likely that these kinds of game provide an ideal 

vehicle for supporting the problem solving and interaction skills increasingly 

demanded in HE and the workplace.  

 

The increasing trend to online gaming was evident in the transition from study 1 to 2 

and has gradually increased by 9.5% in study 3 to 49.8%.  The value of the global 

online games market has increased to a projected 9.8 billion US dollars in 2009 from 

670 million dollars in 2003 (Hsu and Lu, 2007).     

 

Challenge and completion were cited as the most important reasons for continuing to 

play games when they become more difficult in all three studies.  However 

competition and story/narrative were also important in the second and third studies.  

One possible explanation for this may be increased popularity of Massively 

Multiplayer Online Role-Playing Games (MMORPGs).  In 2006, 25 million people 

were playing MMORPGs (Riegel and Matejka, 2006).  World of Warcraft is the most 

popular MMORPG and had 11.5 million subscribers (Blizzard Entertainment, 2009), 

a fact substantiated by studies 2 and 3 as it was the most frequently mentioned 

response to the question ‘if you play online games, please list the games you play’.    

 

The three surveys of computer games in HE were broadly consistent in showing the 

popularity of playing computer games as a leisure time activity for students, 

especially male students.  There was also a high level of acceptance amongst students 

that games could be used for learning in HE.  Fewer female students played games, 

those who did play, played less and played a less varied selection of games than 

males.   

5.5 Comparisons with other studies 

There has been a number of questionnaire/survey studies performed to find out 

peoples reasons and motivations for playing computer games.  Gibson, Halverson and 

Riedel (2007) performed a survey of 228 “pre-service” students to ascertain 

perceptions and attitudes in relation to simulations and games.  80% of respondents 
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were white females.  46% believed that simulations and games could be a very 

important learning tool and 19% believed that they could be an important learning 

tool.  Only 7% believed that they were of little or no importance.   

 

Whitton (2007) performed a study with 200 participants to examine gaming 

preferences, attitudes towards games in HE and motivations.  63.1% reported that they 

would find games positively motivating for learning, 28.3% not motivating either way 

and 8.6% demotivating.  In comparison with the three studies discussed in this 

chapter: 58.5% of students in study 3 thought that computer games did have the 

potential to be used in HE, 19.5% said no and 22% said possibly.  In study 2, 69% 

thought that computer games had the potential to be used in HE, 16% said no and 

14.8% said possibly.  In study 1, 85.1% believed that they could, with only 7% stating 

that they could not. 3.8% of participants believed that it was possible but it would 

depend, while 4.1% said that they did not know.  The main aspect of commonality 

across all 5 studies is that the majority of the participants believe that games and 

simulations can be used in a learning capacity, as a learning tool or that they would 

find games positively motivating for learning.          

 

Gibson, Halverson and Riedel (2007) found that males were more negative about the 

potential of games in learning.  53% of males were positive where 70% of females 

were positive.  There was no notable generation gap between the respondents.  In 

study 1, males were more negative about the use of computer games in learning.  92% 

of males were positive while 95% of females were positive, however this was not a 

significant difference (Z = -1.471, p < 0.141).  In study 2, males were more negative 

about the use of games in learning.  75% of males were positive where 82% of 

females were positive, however this was not a significant difference (Z = -1.249, p < 

0.212).  In study 3, males were more negative about the use of games in learning.  

73% of males were positive where 81% of females were positive, however this was 

not a significant difference (Z = -1.404, p < 0.160). 

 

Eglesz, Fekete, Kiss, and Izsó (2005) performed a study with two surveys, one online 

survey with 843 participants and a second with 102 participants.  The studies found 

that women play computer games significantly less than men.  In comparison with the 

three studies performed, all three studies showed that males play games for 
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significantly longer than females.  Males in study 1 played games for 8.49 hours per 

week (SD = 6.28) while females played for 3.65 hours per week (SD = 3.83) (Z = -

11.41, p < 0.000).  Males in study 1 played games for significantly longer per week 

(7.46 hours, SD = 4.12) than females (4.93 hours, SD = 3.24), (Z = -4.831, p < 0.000).  

Males in study 3 played games for significantly longer per week (9.35 hours, SD = 

6.57) than females (5.25 hours, SD = 4.68), (Z = -6.890, p < 0.000).  Hartmann and 

Klimmt (2006) also performed a study which found that males play computer games 

for significantly longer per week than females.  All five studies consistently show that 

males play games for significantly longer than females.     

 

Eglesz, Fekete, Kiss, and Izsó (2005) also found that women prefer RPG games while 

men prefer action, adventure simulation and sports games.  In study 1 and 2, strategy, 

platform and adventure were most popular with females.  In study 3 females rated 

strategy, role-playing and adventure games as those played most frequently with 

fighting, shooting and sport played least often.  In study 1 and 2 shooting, strategy and 

adventure were the most popular with males.  In study 3 shooting, strategy and role-

playing games were ranked as the type of game played most frequently.       

5.6 Summary 

The three studies were very valuable to the project as they have established that there 

is a high majority of students that would be interested in the application of GBL 

within HE.  The primary reason for performing the surveys in two year intervals was 

to assess whether this interest is consistent, which proved to be the case.  The surveys 

have also proven to be consistent in terms of motivations for playing computer games 

within a HE context.  For example, the surveys showed that the top three reasons for 

playing computer games within HE were challenge, curiosity and cooperation.  This 

has been incorporated into the design and development of the game.  Challenge has 

been incorporated by the use of more complex and interactive dialogs and different 

types of requirements.  Curiosity has been incorporated by the expansion of the game 

environment to provide further exploration.  The surveys have provided information 

in relation to prolonged participation in games where challenge and completion have 

consistently been the two top motivations.  Completion is being incorporated into the 

game by means of an appropriate ending, assessment, feedback and evaluation.  This 
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chapter has provided valuable empirical evidence and one of the first longitudinal 

studies in the GBL literature.  The primary motivation for performing this longitudinal 

study was to determine whether game playing habits, acceptability, motivations for 

playing games in a general context and motivations for playing games in a HE context 

have changed or remained consistent over a four year period.     
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6. Towards an Evaluation Framework for GBL 

6.1 Introduction 

This chapter will address the development of an evaluation framework for GBL.  The 

chapter will discuss evaluation in general; problems associated with evaluating GBL 

and previous evaluation frameworks.  There will then be a discussion of the 

development of a new evaluation framework for GBL based on a literature search.  

The chapter will firstly discuss formative and summative evaluation and problems 

associated with evaluating GBL.  Secondly, the chapter will present the findings of a 

literature review to find existing evaluation frameworks and empirical evaluation 

evidence.  Some of the existing frameworks will then be discussed and the 

measurements associated with each study will be categorised into the new evaluation 

framework for GBL.  Finally there will be a summary outlining additional validation 

of the evaluation framework.    

6.2 Evaluation  

Ainsworth (2003) divides evaluation of Learning Environments into two main types: 

evaluation to inform design (encompassing cognitive walkthrough, heuristic 

evaluation and formative evaluation) and evaluation to assess an end product or 

determine the best use for that product (encompassing summative evaluation).  As 

discussed shortly, very few academic articles were found in the GBL literature that 

actually addressed formative evaluation and even fewer that addressed summative 

evaluation.  According to Ainsworth the most important general questions of 

evaluation are: 

 What is to be done with the information collected? 

 What are the appropriate forms of measurement? 

 What is the most appropriate experimental design? 

 What is an appropriate form of comparison? 

 What is an appropriate context? 
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6.2.1 Formative Evaluation  

Ogle (2002) states that formative evaluation is “a systematic and empirical process 

although rarely a scientific one”.  Ogle highlights that instructional designers 

generally carry out formative evaluations as they have intimate knowledge of the 

material and are also the most qualified to put comments made to productive use.  

One advantage of formative evaluation is that it allows evaluation of the instruments 

of evaluation.  For example, evaluation of a prototype GBL application may be 

performed a number of times in different contexts and learners can assist in 

highlighting any ambiguity or weaknesses in the instruments of evaluation, such as 

ambiguous questions in a questionnaire.  This allows the experiment to be revised and 

improved each time to gather more productive results.  There are several variations of 

formative evaluation, however the main ones are as follows (Tessmer, 1993): 

 Expert Reviews – Conducted very early on in the evaluation process and is 

particularly focused on instructional content, technical quality or accuracy.  The 

primary goal is to get expert reviewers to highlight things that are not right and 

offer correctional advice.  

 One-To-One Evaluations – Designed for the developer to work with a number of 

potential learners from the intended user base, primarily to assess the learners’ 

reaction to content and assess particular indicators of performance.  Discussion 

techniques and questions should be used at this stage to obtain information.  

 Small Group Evaluations – The instructor interacts with a small number of 

learners in the same type of environmental context as the intervention will be 

used.  The main goal is to refine the instructional content and rectify errors in the 

delivery by the collection of descriptive and quantitative feedback. 

 Field trials – Also known as field-tests or beta tests, field trials are designed to see 

if the changes made from the small group evaluation were effective and whether 

the intervention can be used in the intended context.  It consists of the instructor 

acting as an observer while the intervention is used with a larger group (e.g. 20 - 

40 learners) in a “situated evaluation”.  

Braden (1992) believes that a primary weakness of instructional design models is that 

a formative evaluation is performed at the end, if at all, and should be performed 

during the entire process and be consistently iterative.  
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6.2.2 Summative Evaluation 

Bhola (1990) points out that the aim of summative evaluation is to judge the worth of 

a program at the end of the activities and that the focus of the evaluation is on the 

outcome. 

 

The two main types of summative evaluation identified by Harpel (1978) are: 

research-oriented and management-oriented.  Research-oriented summative 

evaluations are to validate and improve programs.  Management-oriented summative 

evaluations are to assess cost and whether the programs did what they were supposed 

to do.    

6.2.3 Problems Evaluating GBL 

Dondi and Moretti (2007) identify two general and very important issues associated 

with evaluation of GBL:  

 Producing a general framework of evaluation is difficult unless it is abstract.  This 

is primarily because the evaluation processes are inextricably linked to the main 

goal of the evaluation, which leads to the question of “what exactly is being 

evaluated about the GBL intervention?”  

 It is difficult to distinguish between single aspects of the GBL environment and 

holistic aspects related to analytical measurement and evaluation.  If the 

evaluation is more holistic and attempts to take everything into account then it is 

more likely that the evaluation will be general, not particularly detailed or 

rigorous, leading to other methods being required to establish quality standards.  If 

the evaluation is based on single aspects then the holistic view of the GBL 

intervention cannot be taken into account.  To overcome this problem 

prioritisation of particular evaluation areas is required, which leads to the question 

of “what are the most important objectives that GBL must achieve?”  

Approaching the concept of evaluation of GBL from a pedagogical perspective assists 

in refining the process.  The literature review presented shortly shows that there is no 

general method of evaluation for GBL or simulations.  When evaluation does take 

place the most common method appears to be surveying the participants and certainly 

the majority of GBL evaluations encountered in the research literature have some 

form of survey as an evaluation instrument.  A major disadvantage of this is that 
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surveys are sensitive to weak methodological design and can be influenced by 

particular wording and exogenous factors (Saari, Johnson, McLaughlin and Zimmerle, 

1988).  

6.3 Literature Search 

This section presents the literature search that was carried out to identify previous 

evaluation approaches for GBL. 

6.3.1 Method Used to Collect Data 

An extensive literature search was performed by reviewing various electronic 

databases including: ACM, ABIINFORM Global Database, Academic Search 

Premier, ASSIA: Applied Social Sciences Index and Abstracts, BioMed Central, 

Cambridge Journals Online, Blackwell Synergy, ChildData, Index to Theses, Oxford 

University Press (journals), Science Direct, EBSCO (consisting of Psychology and 

Behavioural Science, PsycINFO, SocINDEX, Library, Information Science and 

Technology Abstracts, CINAHL), ERIC, IngentaConnect, Infotrac (Expanded 

Academic ASAP), Emerald, IEEE and the Simulation & Gaming Journal from 1996 

were also extracted and assimilated into the final results. The following detailed 

search terms were used:  

(“computer games” OR “video games” OR “serious games” OR “simulation 

games” OR “games-based learning” OR “MMOG” OR “MMORPG” OR 

“MUD” OR “online games”) AND (“education” OR “learning”) AND 

“evaluation”  

Approximately 10,000 articles were returned, but only 78 were considered appropriate 

to the primary research criteria, namely evaluation frameworks for GBL and 

evaluation of games-based learning taking some form of empirical measurement.  The 

literature search results have helped identify particular measurements existing in the 

literature and have been instrumental in constructing the GBL evaluation framework 

presented.  
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6.3.2 Evaluation Framework Results 

The literature search identified 11 evaluation frameworks from 8 separate papers.  The 

Game Object Model 1 and Kirkpatrick’s four levels for evaluating training have been 

identified in 2 studies.  Identified frameworks are listed in Table 6.1. 

 
Table 6.1 Identified evaluation frameworks 

Study Framework(s) 
Amory, Naicker, Vincent and 
Adams (1999)   

Game Object Model version 1 

Amory (2006) Game Object Model version 2 
de Freitas and Oliver (2006)  Four Dimensional Framework 

Kirkpatrick’s four levels for evaluating training 
CRESST model of learning 

O’Neil, Wainess and Baker (2005) 
 

Affective Motivation Model of Learning. 
Schumann, Anderson, Scott and 
Lawton (2001) 

Kirkpatrick’s four levels for evaluating training 

Song and Lee (2007)  Framework of Heuristic Evaluation in 
MMORPGs 

Ssemugabi and de Villiers (2007) Framework for evaluating web-based learning 

The Design Framework for Edutainment 
Environment 
Adopted Interaction Cycle for Games. 
The Engaging Multimedia Design Model for 
Children   

Tan, Ling and Ting (2007) 

Game Object Model version 1 

 

6.3.3 Empirical Paper Results 

The literature search identified 70 empirical papers taking some form of measurement 

that can be applied to a GBL application.  The papers are listed in Appendix 9.2. 

6.4 Previous Evaluation Frameworks and Models 

When developing an evaluation framework for GBL, it seems logical to design the 

framework from a pedagogical perspective as the entire ideology of GBL is using 

games/simulations to motivate and engage learners, resulting in more effective 

learning even at a supplementary level.  There are very few evaluation frameworks in 

the literature that specifically address the effectiveness of GBL from this perspective 

and ask questions such as: Does the GBL environment increase knowledge 
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acquisition?  Does it improve learner performance?  Does it assist in the formation of 

metacognitive strategies? 

 

Two of these frameworks are based on Nielsen’s Heuristic Evaluation (Nielsen and 

Molich, 1990).  Heuristic Evaluation consists of ten recommended heuristics and is 

supposed to be performed by a small team of evaluators.  It is a Human Computer 

Interaction (HCI) technique that focuses on finding interface usability problems and 

has been extended with additional heuristics to encompass website specific criteria.  

The technique has also been expanded and developed to produce a framework for 

web-based learning (Ssemugabi and de Villiers, 2007) and a framework for heuristic 

evaluation of Massively Multi-player On-Line Role-Playing Games (MMORPGs) 

(Song and Lee, 2007).  One of the main difficulties associated with frameworks based 

on Heuristic Evaluation is that it is a technique that is primarily focused on issues of 

usability and is not specifically focused on pedagogy.  The quality of the review is 

also dependent on the knowledge of the reviewer so by extending frameworks to 

encompass web-based learning and MMORPGs, suitable reviewers would have to 

have sufficient knowledge of HCI and games to perform a high-quality evaluation.  In 

addition, from a GBL perspective the main difficulty is that these frameworks do not 

specifically focus on pedagogy.  

 

Tan, Ling and Ting (2007) reviewed four GBL frameworks and models including: the 

design framework for edutainment environments, the adopted interaction cycle for 

games, the engaging multimedia design model for children and the game object 

model. According to their results one framework significantly addressed pedagogy 

and game design: the game object model developed to allow identification of suitable 

game elements to be supported by valid pedagogical elements (Amory, Naicker, 

Vincent and Adams, 1999).  The game object model (GOM) has been further 

developed using theoretical constructs and developments in the literature to become 

the game object model version II framework (GOM II) (Amory, 2006).   This 

particular framework can be used from both a game design perspective and an 

evaluation perspective.  The original GOM (Figure 6.1) has several spaces:   
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Figure 6.1: Game object model (GOM) (adapted from Amory, Naicker, Vincent 

and Adams, 1999) (bold represents abstract interfaces and normal font 

represents concrete interfaces) 

 

 Game Space – Embodies all of the components.  Components are represented by a 

square and contain different discrete interfaces that can be either abstract or 

concrete.  The interfaces are displayed within the component.  The components’ 

are either free standing or part of other components’.  The inner components 

inherit all of the outer components interfaces and inner components interfaces are 

concrete where as the outer components interfaces are more abstract.  The 

interfaces have been listed in this model from the most important to the least 

important.  The game space component encompasses all of the other components 

and has the following interfaces: play, exploration, challenges and engagement.   

 Abstract interfaces – Promote educational objectives and appear in the diagram in 

bold.  The abstract interfaces defined are: fun, critical thinking, discovery, goal 

formation, goal completion, competition, practice, play, exploration, challenges, 

and engagement. 

Game Space 

  Play 
  Exploration 
  Challenges 
  Engagement 
 

Visualisation Space  

    Story line 
    Critical Thinking 
    Discovery  
    Goal formation 
    Goal completion 
    Competition 
    Practice  

Elements   
 Fun 
 Graphics 
 Sound  
 Technology 

Problems  
 Manipulation 
 Memory 
 Logic 
 Mathematics 
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 Concrete interfaces – Enable the realisation of the educational objectives and 

appear in the diagram in normal font.  They are the following: graphics, sound, 

technology, manipulation, memory, logic, mathematics, reflexes and story line.   

The GOM II is divided up into several interrelated interfaces and consists of a number 

of complex objects developed from contemporary practices and educational theories.  

The GOM II is a far richer model and one of the main developments is the 

introduction of a new social space to support the development of online communities.  

The paper describes the model as “representing one of many ways of seeing 

educational computer game development.  Therefore the model should be viewed as a 

means of structuring discussions and could easily be reconceived to suit different, or 

alternative viewpoints .”    

 

Kirkpatrick’s four level framework (1994) (Figure 6.2) also takes pedagogy into 

account. It was originally developed as a framework for evaluating training but it has 

also been proposed for the evaluation of business simulations as educational tools 

(Schumann, Anderson, Scott and Lawton, 2001).  

 

The CRESST model of learning (Figure 6.3) is composed of five families of cognitive 

demands for the evaluation of games and simulations (Baker and Mayer, 1999).  Each 

family in the CRESST model is composed of a task that can be used as a skeletal 

design for testing and instruction.  The CRESST model is divided into content 

specific and content independent variables.  Content specific variables include: 

content understanding and problem solving. Content independent variables include: 

collaboration/teamwork, communication and self-regulation.  
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Level Description Measurement 

1: Reaction Assesses how learners 
feel about participation 
in a learning experience 
(i.e. an evaluation of 
learner satisfaction). 

General methods of collecting learner 
reaction data are, for example, satisfaction 
questionnaires.  

2: Learning Measures the 
participants’ change in 
attitudes, knowledge, 
and/or skills as a result 
of attending the 
program. 

Learning is measured by quantifying the 
differences in attitudes, increase in 
knowledge and the increase in skills. The 
measurements are typically taken within the 
context of a training session as dictated by 
the learning outcomes. Campbell and Stanley 
(1963) note that the best experimental 
methodology for establishing whether 
learning has taken place is a pre-test, post-
test, experimental, control group 
methodology.  

3: Behaviour Assesses whether the 
learners are actually 
applying what they 
have learned within the 
training session in their 
working environment.  

Behaviour can be measured by surveying 
individuals who have the opportunity to 
observe the behaviour of the learners in 
different settings to rate the extent to which 
the attitudes, knowledge and skills are 
utilised.  

4: Results Measures the final 
benefits to the 
company.  

The final results can be in relation to a 
number of attributes such as increased profit, 
increased turnover, decrease in number and 
severity of accidents.  

Figure 6.2: Kirkpatrick’s four levels for evaluating training (adapted from 

Kirkpatrick, 1994) 

Dondi and Moretti (2007) reviewed Uni-Game (Games-based Learning for 

Universities and Life Long Learning) and SIG-Glue (Special Interest Group for 

Game-based Learning in Universities and Lifelong Learning), two projects funded by 

the European Commission.  This review led to the development of a ‘classification of 

games by learning purposes’ and an ‘evaluation framework for assessing games’. The 

evaluation framework takes into account that “a learning game should be a ‘good 

game’ through which the player will achieve the stated learning objectives” and 

covers both pedagogical and technical criteria (Figure 6.4).  A reduced version is 

provided to give an illustration of the content with a focus on the pedagogy, context 

and evaluation criteria sections. 
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Figure 6.3:  CRESST model of learning: families of cognitive demands (adapted 

from Baker and Mayer, 1999) 

 

A further framework specifically for games and simulations that addresses pedagogy 

is the Four Dimensional Framework (FDF) (de Freitas and Oliver, 2006).  The FDF 

includes representation, pedagogy used, context and learner specification as four key 

aspects to assist tutors’ selection and use of games in their practice.   The FDF is 

displayed in Figure 6.5.  The four dimensions are not designed to be considered in 

isolation but all dimensions should be considered as a collective whole.  The first 

dimension of the FDF focuses on context with macro-level factors such as political, 

economic and historical and micro-level factors such as specific tool, resources and 

general availability.  Context is a highly important factor that can enable or impede 

learning depending on difficulty of delivery.  The second dimension of the FDF 

focuses on particular learner or learner group attributes such as learner level, learning 

styles, preferences, background and age.  Research has indicated that different game 

types can be used to acquire or learn different skills; for example simulations are good 

for teaching tactical and strategic planning (Dempsey, Haynes, Lucassen and Casey, 

2002).  The third dimension of the FDF focuses on the “internal representational 

world or diegesis – of the game or simulation” and covers immersion and fidelity, 

presentation mode and the interactivity.  de Freitas and Oliver (2006) emphasise that 

this is a particularly important dimension of the framework as it highlights the 

distinction between immersion in the game and the critical reflection process that 

takes place out with the game.  The fourth dimension of the FDF focuses on the 

Learning 

Content specific 
variables 

Content independent 
variables 

Problem 
solving 

Collaboration/ 

teamwork

Communication Self-regulation Content 
understanding 
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learning processes during informal and formal curricula based learning.  It is designed 

to promote reflection of the practitioners in terms of frameworks, models, methods 

and theories used to support learning practice.  The dimension supports differentiated 

learning provided by the availability of e-Content, e-Assessment and new software 

tools by considering how learning content is personalised and embedded. 

 
Target groups and prerequisites identification 
Learning objectives  
 Clearly defined objectives 

Correspondence of established objectives and objectives that can be reached 
using the game 

Context of usage 
 Clear instructions  
 Context suggestions 
 Coherence with the targeted context 
Didactic strategy 
 Indications of average play time 
 Incentives and support to motivation 
 … 
 Coherence of the social and collaborative activity with objectives 
Communication and media 
 Clear, user-friendly tone and language  
 Quality of the interaction 

Coherence between media used and established objectives of target group 
Evaluation  
 Clear identification of evaluation criteria and procedures 

Adequate number and distribution of evaluation activity, during the game and at 
the end 

 Type of evaluation activity proposed 
 Quality of the feedback of the evaluation  

Relevance of evaluation activity and consistency with the objectives and/or the 
contents 

 Supporting the reflective process  
Figure 6.4: SIG-Glue quality criteria framework 

6.5 Problems with Previous Evaluation Frameworks 

The main issue associated with the evaluation frameworks identified in the literature 

search is that they are not specific enough to generate a sufficient amount of ideas to 

guide the evaluation of the requirements collection and analysis game.  The 

frameworks typically present very broad, general categories, however they do not 

present a sufficient amount of specific ideas to give the evaluation of GBL an 

appropriate amount of consideration.  An additional problem with the previous 

formulated frameworks is that there are very few links to literature that has taken 
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some form of measurement.  Referencing the appropriate literature allows researchers 

to consider specific measurements, experimental designs, statistical analysis 

techniques and survey design approaches by seeing examples.       

6.6 Towards an Evaluation Framework for GBL 

This section presents the compiled evaluation framework for GBL based on the key 

measurements identified in the literature search.  The framework has been iteratively 

designed and developed by grouping similar measurements encountered in the 

literature together.  Once the measurements were grouped the terminology was then 

made as similar as possible to avoid ambiguity.  The primary focus of the 

measurements was then looked at and abstract categories for each grouping of 

measurements were then formulated.  The abstract categories developed were: learner 

performance, learner/instructor motivation, learner/instructor perceptions, 

learner/instructor preferences, the GBL environment itself and collaboration between 

players where appropriate.   The highest abstraction of the framework is displayed in 

Figure 6.6.   The previous frameworks reviewed were highly instrumental in 

providing examples of what abstract frameworks and models should look like.  The 

only two direct similarities to previous frameworks and models are: the concept that 

the categories do not necessarily have to be considered in isolation like the FDF and 

like Amory (2006), this framework should be seen as the author’s own view of 

evaluating GBL and represents one of many ways of seeing GBL evaluation.  The 

framework should be seen as a starting point to focus evaluations, structure 

discussions and could easily be reconstructed and adapted to differing and alternative 

viewpoints.   
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Figure 6.5: Four Dimensional Framework (adapted from de Freitas and Oliver 

2006) 

Figure 6.6:  Evaluation framework for games-based learning evaluation 

 

The purpose of the framework is to identify what can potentially be evaluated in a 

GBL application.  The literature review identified existing evaluation frameworks and 

the particular attributes that researchers have attempted to measure during the 

evaluation of a GBL application.  Like the Four Dimensional Framework presented 

earlier, the categories do not necessarily have to be viewed in isolation but as a 

collective whole depending on what is to be evaluated.  The framework can be used in 

both a developmental sense to inform design during the implementation and 
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embedding of a GBL application into curricula for a formative evaluation.  The 

framework also points to examples of individual analytical measurements already 

present in the literature for focusing on an evaluation at the end of development for a 

summative evaluation.  

Learner Performance  

This category encompasses pedagogy from the perspective of the learner and 

evaluates aspects of learner performance.  Considering that a GBL application can be 

used in educational institutions, training organisations and industrial settings the word 

‘learner’ is meant to encompass these three settings.  The category is primarily 

concerned with whether there is an improvement in the performance of the learner as 

a result of the GBL application.  The improvements are of course inextricably 

connected to the learning outcomes of the GBL application and can be, for example: 

improvement in knowledge acquisition (procedural, declarative, general), the 

formation of metacognitive strategies, and improvement in the formation of skills. 

Learner/Instructor Motivation  

This category is primarily concerned with the particular motivations of the learner for 

using the GBL application, the learner level of interest in participating, participation 

over a prolonged period of time and determining what particular motivations are the 

most important (Connolly, Boyle and Hainey, 2006; Connolly, Boyle and Hainey, 

2007). Are the learners participating extrinsically or intrinsically (Deci and Ryan, 

1991)? What particular features of the GBL environment are the most interesting?  

Are the learners distracted in any way?  Are the learners willing to use the GBL 

application more than once?  When considering Kirkpatrick’s four levels for 

evaluating the effectiveness of business simulations in particular curricula it is 

important to identify the motivations that not only apply to the learner but also to the 

instructor.  Therefore, it may be important to identify what motivates the instructors to 

attempt to assimilate a GBL approach into their curricula.  

Learner/Instructor Perceptions 

This category mainly encompasses perceptions associated with the learners such as 

their perception of time within a game or simulation, how real the game is and its 

correspondence with reality (for example, whether the GBL application represents a 
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holistic view of a particular organisation or process), perception of game complexity, 

advice quality and level of self reported proficiency at playing games.  The category 

also encompasses the learners’ perception of how the GBL application can assist them 

and whether confusion is experienced.  The instructor would also have similar 

perceptions depending on their particular involvement.  If the instructor was simply 

incorporating content into the GBL application then their perceptions may be more 

important in terms of whether the application is fitting well into the particular context.  

Perceptions are once again extremely dependent on the learning outcomes and what 

particular perceptions are considered important in the evaluation criteria.  

Learner/Instructor Attitudes 

This category is mainly concerned with learner and instructor attitudes towards 

various elements that may impact the effectiveness of the GBL application.  These 

elements include: learner attitudes towards the taught subject, learner attitudes 

towards games (Connolly, Boyle and Hainey, 2007), instructor attitudes towards the 

incorporation of games into the curricula, learner attitudes towards particular game 

elements such as sounds, colours, interface, the usefulness of feedback for learning 

the subject area and accomplishing the learning outcomes.  Attitudes may have to be 

collected as negative attitudes towards games and/or the subject area may 

substantially reduce the effectiveness of GBL.  It may also be the case that an 

application may alter the attitudes towards games and the subject, so attitude data 

could be collected afterwards.  

Learner/Instructor Preferences 

This category considers learner and instructor preferences during a GBL intervention. 

Learners like to learn in different ways and have different learning styles (Kolb, 1984) 

therefore different learners will have different preferences.  This category could 

include: learner preference for media when teaching the material, preference for 

conventional teaching approaches or GBL, preference and utilisation of particular 

game features, most preferred positive and negative aspects of the game and 

preference for different competitive modes.  For an instructor, this category could 

include when to introduce the GBL application in their particular course or whether 

they prefer to teach with the GBL application.  
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Collaboration 

The GBL evaluation framework is designed to be a set of general guidelines for 

conducting an evaluation of a GBL application.  The framework has a particular 

emphasis on pedagogy, as learning is likely to be the most important goal.  The 

framework can be customised to particular requirements that are generally optional 

depending on what particular analytical measurement is necessary to be indicative of 

effective GBL.  Collaboration is optional depending on whether the game is played on 

an individual level, cooperative group level, competitive group level or multiple 

cooperative groups competing against each other.  If the GBL application is single 

player collaboration would not require evaluation.  If collaboration is to be evaluated, 

the main ways found in the literature are through achievement of learning outcomes or 

particular goals, log files monitoring interaction, mapping team aspects to learner 

comments, measuring the regularity and level of collaboration and learner group 

reflection essays.  

GBL Environment 

This category encompasses all aspects that could potentially be evaluated about the 

GBL environment.  It can be divided into the following five identified subcategories 

from the literature: virtual environment, scaffolding, usability, level of social presence 

and deployment.  In terms of the actual virtual environment itself the evaluation 

criteria may be the following: validating the background environment and characters 

including virtual agent expressiveness, evaluation of factors with regards to 

environmental alteration, advice importance within the environment, the context of 

the environment in terms of real-world decision making support and general game 

difficulty. 

 

Scaffolding refers to the advice and resources within the environment to support the 

learner in completing their learning outcomes.  Scaffolding can be evaluated through 

monitoring of appropriate realism, feedback, learner perception of the quality of 

advice, an expert review of the quality of advice and monitoring of the utilisation of 

resources and advice.  Usability can be analysed by looking at particular task 

completion times, average task completion times, the ease of the task, the number of 

errors made while performing a task and the ranking of the tasks by the learners.  
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Usability can also be evaluated through conversation analysis, correlation of the 

learner demographics to the susceptibility of the problem that is to be addressed by 

the GBL application.  In relation to developing a GBL application, player reactions to 

initial and incremental prototypes in an iterative fashion may be monitored to evaluate 

increased and decreased usability aspects.   

 

Level of social presence is to do with the immersion and interaction in the game 

world.  It can be monitored by looking at relationship frequencies, player evaluation 

of game character personalities, attitude and mood statements towards characters and 

events in the game indicating a social presence.  

 

Deployment is intended to encompass the most effective method of incorporation of 

the GBL application into the educational context and can also mean the preference of 

different gaming conditions; i.e. particular format of delivery in a technical sense and 

also with regards to embedding the GBL application into the curriculum.  

6.7 Measurements Associated with Framework Categories 

Each category in the evaluation framework can be extended and has various 

measurements associated with it.  The Learner Performance and GBL environment 

categories have already been explored in previous studies (Connolly, Stansfield and 

Hainey, 2009; Connolly, Stansfield and Hainey, 2008).   The measurements 

associated with the each category will be briefly listed.  

Learner Performance Category 

The measurements in this category are listed in Table 6.2.  Measurements by the same 

author are grouped together.   

Table 6.2: Learner Performance Measurements 

Knowledge acquisition 

 Knowledge acquisition (Chamberlin, 2003; Lennon, 2006; Rosas et al, 2003; 
Cowan, 2007; Waraich, 2004; Habgood, 2007; Chua, 2005; Dantas, Barros 
and Werner, 2004; Squire, Barnett, Grant and Higginbotham, 2004; Dede, 
Clarke, Ketelhut, Nelson and Bowman, 2005). 

 Knowledge acquisition. Metacognitive strategies (Christoph, Sandberg and 
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Wielinga (2005). 

 Knowledge acquisition. Comparison of metacognitive strategy formation in 
relation to knowledge acquisition (Christoph, 2007). 

 Knowledge acquisition.  Explicit and implicit knowledge (Leemkuil, 2005). 

 Knowledge acquisition and metacognitive awareness (Dede, Clarke, 
Ketelhut, Nelson and Bowman, 2005). 

 Knowledge acquisition in high and low level achievers.  Conceptual change 
(Talib, Matthews and Secombe, 2005). 

 Knowledge acquisition. Effectiveness of transparency (structural help) 
(Größler, Maier and Milling, 2000). 

 Knowledge acquistion.  Team essays and individual essays (Komisarczuk 
and Welch, 2007). 

 Knowledge acquisition.  Effects of interactivity and media richness on 
learning (Wong et al, 2007). 

 Knowledge acquisition with different levels of guidance: no guidance, 
extensive guidance and moderate guidance (Nelson, 2007). 

 Knowledge acquisition with different goal structures: cooperative, 
competitive and individualistic (Ke, 2006). 

 Factors associated with knowledge acquisition (Beale, Kato, Marin-Bowling, 
Guthrie and Cole, 2007). 

 Existing knowledge. (Roubidoux, Chapman and Piontek, 2002). 
 If the game leads to similar or equal learning results as traditional 

approaches.   
 If playing the game voluntarily feels similar to incidental learning. 
 Disadvantages for learners (Ebner and Holzinger, 2007).   
 Standard ability score.   
 Comparison of correct responses of different groups on knowledge at 

different points.  
 Verbal responses (Coles, Strickland, Padgett and Bellmoff, 2007). 
 Correctness before and after the game intervention.   
 Total correctness of test groups (Sheng et al, 2007). 

 Whether cooperative game play would improve performance (Ke and 
Grabowski, 2007). 

 Improvement in mistakes made in relation to different levels of academic 
performance (poor, mediocre, good) (Virvou, Katsionis and Manos, 2005). 

 Self-assessment of learning about content, technology, experimental design 
and whether the participants believed that the technology positively impacted 
learning (Klopfer, Yoon and Rivas, 2004). 

 Learner knowledge towards human behaviour and conflict resolution 
strategies (Fontana and Beckerman, 2004). 

Skills 

 Skill acquisition. (Chua, 2005; Dantas, Barros and Werner, 2004; Dantas, 
Barros and Werner, 2005). 

 Ability to drawing a visual representation, negotiating parameters, build and 
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running a simulation model and assessing design performance (Mayer, 
Bockstael-Blok and Valentin , 2004). 

 Learner fluency.  
 Learner change in exercising a skill overtime (Baker, Hadgood, Ainsworth 

and Corbett, 2007; Shin, Norris and Soloway, 2006).   
 Efficacy of technology use.   
 Subject efficacy (Dede, Clarke, Ketelhut, Nelson and Bowman, 2005).  

 

The learner performance category of the framework has been expanded as part of a 

previous publication (Connolly, Stansfield and Hainey, 2009).  To illustrate the 

versatility of the framework the learner performance category was adapted to the 

taxonomy of learning outcomes proposed by Wouters, van der Speck, and van 

Oostendorp (2009).  The learner performance category was split into knowledge and 

skills based on cognition, which is illustrated in Appendix 9.3. GBL Environment 

Category 

The measurements in this category are listed in Table 6.3.  Measurements by the same 

author are grouped together.   

 

Table 6.3: GBL Environment Measurements 

Environment 

 Background environment validation (Johansson and Kuller, 2002). 
 Environment navigation based on gaming experience (Frey, Hartig, Kretzel 

and Zinkermagel, 2007). 
 Character validation (Johansson and Kuller, 2002; Paiva et al, 2005). 
 Content validation in terms of extendibility and integration.   
 Enjoyment in terms of clearness of goals, concentration, challenge and 

immersion.   
 Social interaction in terms of cooperation and competition (Garzotto, 2007).   
 Entertainment (Kelleher, Pausch and Kiesler, 2007). 
 Environment alteration regarding usability, acceptability and improvement of 

learning outcomes (Goodman, Bradley, Paras, Williamson and Bizzochi, 
2006); Leemkuil, de Jong, de Hoog and Christoph, 2003). 

 Assessing and gauging virtual agent expressiveness.   
 Assessing the context in terms of decision-making support as found in the 

real world. 
 Indexicality verification supporting agent interaction (Dugdale, Pallamin and 

Pavard, 2006).  
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 Environment usability (Maguire, Elton, Osman and Nicolle, 2006; Piper, 
O’Brien, Morris and Winograd, 2002; Adamo-Villani and Wright, 2007; 
Sim, MacFarlane and Horton, 2005; Leemkuil, de Jong, de Hoog and 
Christoph, 2003; Virvou and Katsionis, 2008; Blasi and Alfonso, 2006). 

 Acceptability of the environment (Roubidoux, Chapman and Piontek, 2002). 
 Environment credibility (Beale, Kato, Marin-Bowling, Guthrie and Cole, 

2007). 
 Business model performance (Dugdale, Pallamin and Pavard, 2006; 

Leemkuil and de Hoog, 2005; Christoph, 2007). 
 Enjoyability. 
 Game difficulty (Shaw and Dermoudy, 2005). 
Scaffolding 

 Average amount of times scaffolding/advice resources were used – including 
feedback, intervention handbooks, indicator handbooks, history files, shared 
worksheets in relation to history files and visualisation tools (Leemkuil and 
de Hoog, 2005). 

 Expert review knowledge of advice quality (Constantino-González and 
Suthers, 2001). 

 Students perceptions of advice quality (Constantino-González and Suthers, 
2001, Leemkuil and de Hoog, 2005)  

 Appropriate feedback and realism  (Lainema and Makkonen, 2003) 
 Advice importance (Constantino-González and Suthers, 2001; Leemkuil and 

de Hoog, 2005; Leemkuil, 2005). 

Usability 

 Correlation of user demographics to susceptibility of the problem the game is 
attempting to address.  

 User performance. 
 User confidence (Sheng et al, 2007). 
 Player reactions to first and incremental prototypes (Johansson and Kuller, 

2002; Christoph, 2007). 
 Average task completion time (Göttel, 2007). 
 Ease of tasks (Wagner, Schmalstieg and Billinghurst, 2006). 
 Ease of use (Kelleher, Pausch and Kiesler, 2007; Chang, Lee, Ng and Moon, 

2003). 
 Conversation analysis (positive, aggressive, non-responsive) (Piper, O’Brien, 

Morris and Winograd, 2002).   

 Usability (Maguire, Elton, Osman and Nicolle, 2006; Piper, O’Brien, Morris 
and Winograd, 2002; Adamo-Villani and Wright, 2007; Sim, MacFarlane and 
Horton, 2005; Leemkuil, de Jong, de Hoog and Christoph, 2003; Virvou and 
Katsionis, 2008; Blasi and Alfonso, 2006). 

 Measurement of key usability factors such as learning time, time to complete 
a task, number of errors and completion or non-completion of a task. 

 User task scenarios ranking and rating (Adamo-Villani and Wright, 2007). 
 Measurement of usability focusing on attractiveness, control, efficiency, 

helpfulness, learnability and excitement (Sharp and Hall, 2000).  
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Level of social presence 

 Frequency of relationships (Robertson and Oberlander, 2002) 
 Learner evaluation of game character’s personalities. 
 Mood and attitude statements towards characters and events (Robertson and 

Oberlander, 2002; Paiva et al, 2005). 
 Level of immersion and interaction (Lim, Nonis and Hedberg, 2006; 

Garzotto, 2007). 
Deployment 

 Preference of different gaming conditions (Wagner, Schmalstieg and 
Billinghurst, 2006). 

 Method of incorporation into a particular context (Snow, Gehlen and Green, 
2002). 

Learner/Instructor Motivation Category 

The measurements in this category are listed in Table 6.4. Measurements by the same 

author are grouped together.   

Table 6.4: Learner/Instructor Motivation Measurements 

Learner/Instructor Motivations 

 Extrinsic Motivation Condition (Habgood, 2007). 
 Intrinsic Motivation Condition (Baker, Hadgood, Ainsworth and Corbett, 2007; 

Habgood, 2007). 
 Distraction (Lim, Nonis and Hedberg, 2006). 
 Willingness to play.  
 Level of interest in playing. 
 Willingness to play over a period of time (Kato and Beale, 2006). 
 Motivations for playing computer games using Malone and Lepper’s 1987 

framework (Connolly, Boyle and Hainey, 2007; Connolly, Boyle, Stansfield and 
Hainey, 2006). 

 Engagement (Klopfer, Yoon and Rivas, 2004; Waraich, 2004; Adamo-Villani 
and Wright, 2007; Bos and Sadat Shami, 2006). 

 Fun (Ebner and Holzinger, 2007; Sim, MacFarlane and Horton, 2005; Dantas, 
Barros and Werner, 2004), which can be measured on three levels: expectation, 
engagement and endurability (Adamo-Villani and Wright, 2007).  

 If the game leads to increased motivation to play again (Ebner and Holzinger, 
2007). 

 Summary of features that make the game most interesting (Schwabe and Goth, 
2005).  

 Excitement experienced at the idea of the game/environment (Klopfer, Yoon and 
Rivas, 2004). 
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Learner/Instructor Perception Category 

The measurements in this category are listed in Table 6.5.  Measurements by the same 

author are grouped together.   

Table 6.5: Learner/Instructor Perception Measurements 

Learner/Instructor Perceptions 

 Overview of time line. 
 Confusion experienced. 
 How well the game would fit into its intended context (Wagner, Schmalstieg 

and Billinghurst, 2006). 
 Future use in anticipated domain (Kelleher, Pausch and Kiesler, 2007). 
 Advice quality (Constantino-González and Suthers, 2001; Leemkuil and de 

Hoog, 2005). 
 Whether the game requires increased or decreased realism to improve it. 
 Whether the game could potentially help other learners. 
 Whether the game could potentially help the learner.  
 How proficient the learner is at playing games (Kato and Beale, 2006). 
 The games ability to represent a holistic view of a particular organisation or 

process.  
 How realistic uncertainty is in the game. 
 Complexity, fluency of the gaming, game feedback ability, and the level of 

realism.  
 How the game corresponds to reality (Lainema and Nurmi, 2006).   
 Self reported effectiveness (Paul, Messina and Hollis, 2006). 
 Thiagarajan’s seven-point debriefing (Lennon, 2006) 

 Whether the game teaches the subject (Oh and Van der Hoek, 2005; Shaw and 
Dermoudy, 2005). 

 Perception of increased skill acquisition.  
 Perception of the approach (Dantas, Barros and Werner, 2004). 

Learner/Instructor Attitudes Category 

The measurements in this category are listed in Table 6.6.  Measurements by the same 

author are grouped together.   

Table 6.6: Learner/Instructor Attitude Measurements 

Learner/Instructor Attitudes 

 Learner/instructor attitudes towards a subject (Ke, 2006; Shin, Norris and 
Soloway, 2006; Kelleher, Pausch and Kiesler, 2007; Dede, Clarke, Ketelhut, 
Nelson and Bowman, 2005). 

 Effects of attitudes towards the subject matter (Chua, 2005).  
 Learner/instructor attitudes towards games (Klopfer, Yoon and Rivas, 2004; 

Connolly, Boyle and Hainey, 2007; Connolly, Boyle and Hainey, 2009). 
 Interest in subject.  Interest in GBL (Dantas, Barros and Werner, 2004). 
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 Attitude towards the intervention (Kelleher, Pausch and Kiesler, 2007). 

 Learner/instructor attitudes towards game elements such as interface, usefulness 
of the feedback for learning the subject area, sounds, colours of the game and 
likeability (Leemkuil, de Jong, de Hoog and Christoph, 2003). 

 Learner attitudes towards human behaviour and conflict resolution strategies 
(Fontana and Beckerman, 2004). 

 Learner attitudes about conflict resolution including: anger management, 
friendship strategies, talking strategies, adult assistance strategies, thinking 
strategies, listening strategies (Drake, Goldsmith and Strachan, 2006). 

Learner/Instructor Preferences Category 

The measurements in this category are listed in Table 6.7.  Measurements by the same 

author are grouped together.   

Table 6.7: Learner/Instructor Preferences Measurements 

Learner/Instructor Preferences 

 Rating of technical aspects.  
 Utilisation of key game features. 
 Most important positive aspects of the game. 
 Most important negative aspects of the game (Schwabe and Goth, 2005). 
 Learner/instructor likes and dislikes of conventional approach/training. 
 Learner/instructor likes and dislikes of virtual reality/games-based training 

approach/training (Quinn, Keogh, McDonald and Hussey, 2003). 
 Learner preference for where they would most like to play the game. 
 Preference of media for teaching the course material (Kato and Beale, 2006). 
 Preferred activities within the environment and preferred activities in relation to 

other activities (Rosas et al, 2003).  
 Preference of competitive modes with regards to anonymous competition, face-to-

face competition, decreased proximity competition. 
 Satisfaction (Yu, Chang, Luit and Chan, 2002). 
 Preference of learning styles: competitive, cooperative or individualistic (Ke, 

2006; Zaphiris, Ang and Law, 2007; Yu, Chang, Luit and Chan, 2002). 
 Comparison of learner preferences between conventional training and GBL 

training under specific headings such as feedback and self-paced learning etc 
(Quinn, Keogh, McDonald and Hussey, 2003). 

Collaboration Category 

The measurements in this category are listed in Table 6.8.  Measurements by the same 

author are grouped together.   
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Table 6.8: Collaboration Category Measurements 

Learner Collaboration 

 Level of collaboration (Motiwalla, 2005). 
 Competition and cooperation (Garzotto, 2007). 
 Student group reflection essays centering on correct and optimal decisions, 

consequences of choices, possible changes (Komisarczuk and Welch, 2007). 
 Mapping of particular team aspects to student comments including, conflict 

resolution, leadership, respect and tolerance for others, evolution of the team, 
clarity of focus, team performance (Drake, Goldsmith and Strachan, 2006). 

Derived Measurements 

While the measurements discussed in the evaluation framework so far have been 

taken from the relevant literature there are a number of measurements that can be 

derived when changing the perspective from the learner to the instructor that do not 

have references from the literature associated with them.  Examples of these are: 

instructor perceptions of how well the game is fitting into their course, instructor 

perceptions of how the game saves them time, instructor perception of customisability 

of the game, instructor perception of usability and motivations of the instructors to 

attempt to assimilate a GBL approach into their curricula. 

Guidelines on Using the Evaluation Framework for a GBL Evaluation 

The evaluation framework presented in this chapter is designed to be a starting point 

for researchers to focus the evaluation of a GBL application.  The following 

guidelines may be useful in carrying out the evaluation: 

1. Formulate the research questions for the study of the GBL application. 

2. Based on the research questions, produce a shortlist of the main things to evaluate 

about the GBL application, for example, learning effectiveness, how motivated the 

learners are to participate and what particular aspects are interesting to evaluate.   

3. Go through all of the measurements associated with each framework category (i.e. 

learner performance, GBL environment, learner/instructor motivation, 

learner/instructor perception, learner instructor preferences and collaboration) and 

identify those measurements that are of particular interest.  

4. Examine the literature associated with each relevant measurement and check how 

the identified empirical studies have collected evaluation data on this 

measurement.   
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5. When all of the relevant measurements have been identified, select an appropriate 

experimental design to properly collect these measurements; for example, pre-

test/post-test or pre-test/post-test experimental control group design.   

6. Run the evaluation using the chosen experimental design methodology to address 

the research questions. 

The evaluation framework is at this stage designed to be used in an implicit way, 

however, it will produce a number of starting ideas for a more focused and rigorous 

GBL evaluation. 

6.8 Summary 

This chapter has addressed evaluation in the GBL literature and identified a number of 

evaluation frameworks that were not considered suitable for evaluating the 

requirements collection and analysis game, because they were not sufficiently detailed 

to evaluate the key elements of the game.  A new evaluation framework was 

developed to address the weaknesses of previous evaluation frameworks for GBL 

particularly focusing on pedagogy.  The evaluation framework was highly 

instrumental in formulating the pre- and post-tests for the evaluation, as discussed 

next.   

6.8.1 Pre-tests  

The learner performance category was utilised to develop the knowledge questions 

used in the pre-test in the game group, the role-play group and the paper-based group.  

The learner/instructor preferences, perceptions and GBL environment categories were 

used to develop the technical aspect ratings questions.  These technical aspects for the 

game group included: graphics, narrative and dialog, help and scaffolding facilities, 

character customisation, realism of the environment, navigation inside the 

environment, realism of characters in the environment, control mechanism and 

interface, clear goal structure and collaboration.  These aspects were adapted for the 

role-play and paper-based groups to link up comparable aspects.  In the role-play 

exercise the aspects were adapted to: narrative and dialog, help and scaffolding 

facilities, realism of scenario, realism of the characters in the dialog, clear goal 

structure, collaboration, and ability to improvise.  In the paper-based exercise the 

aspects were adapted to: narrative and dialog, realism of the scenario, realism of 
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characters in the dialog, clear goal structure, help and scaffolding, collaboration and 

ability to improvise.  The learner instructor preferences category of the framework 

was used to formulate questions about likes and dislikes of traditional teaching 

approaches and a games-based learning approach.   

6.8.2 Post-tests  

The learner performance category was utilised in the post-tests to match the 

knowledge test questions to the pre-test.  The GBL environment category of the 

framework was used to formulate the technical aspect questions, which were then 

adapted for the role-play and the paper-based groups as in the pre-test.  The 

learner/instructor preferences category was used to develop questions about the 

positive and negative aspects of the game, the role-play and the paper-based case-

study.  It was also used to develop questions associated with the context to participate 

in the activities.  The learner/instructor motivations category was used to formulate 

questions about whether the participant would be willing to participate in the activity 

again and whether the activity sustained their engagement.  The learner/instructor 

perception category was used to develop questions associated with whether the 

activities provided a good overview of the process of requirements collection and 

analysis and whether advice quality and realism were acceptable.       

6.8.3 Additional Use of the Evaluation Framework 

In this thesis the framework has been used to focus the evaluation of the requirements 

collection and analysis game in terms of learner performance, preferences, 

perceptions and motivations.  The evaluation has particularly focused on learner 

performance.  The framework has also been successfully used to evaluate an Alternate 

Reality Game (ARG) for motivating secondary school students to learn a second 

language (Hainey et al., 2009).  This second evaluation particularly utilised the 

learner/instructor motivations category of the framework.   
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7. Design and Development of the Requirements Collection and 

Analysis Game 

7.1 Introduction 

This chapter will discuss the development, high-level objectives and game play of the 

requirements collection and analysis game.  The chapter will also discuss how the 

game was adapted for the purposes of this project in terms of content creation, 

integration and case study selection.   

7.2 Game Development  

The development of the requirements collection and analysis game was a partnership 

between a games company called TPLD (Team Play Learning Dynamics) and the 

University of the West of Scotland (UWS).  Users and stakeholders played a 

prominent role in all the stages relating to design, development and evaluation.  To 

support the design, implementation and evaluation of the game, the partners decided 

to establish an advisory group comprising senior representatives from industry and 

commerce, a number of academic representatives, the project managers and the 

developers of the game.  By drawing upon the expertise and views of senior managers 

from industry and commerce it was hoped that the game would have a greater degree 

of relevance and significance to a wider audience other than students in tertiary 

education.  In addition, it was hoped the requirements collection and analysis game 

would utilise and develop a wider range of skills and knowledge that might be 

transferable across a wider section of industry and commerce.  

The author’s role in the development was to provide the academic underpinning and 

specifically to: 

 identify previous research in this area; 

 identify the game playing habits of HE/FE students and their interest in games-

based learning through surveys; 

 from the academic literature identify the issues with teaching requirements 

collection and analysis; 

 to develop the game play based on the requirements produced by the partners and 

the advisory group; 
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 to test the game during development; 

 to develop a strategy for a large scale evaluation of the game across the HE and 

FE sector; 

 to carry out the evaluation and identify further developments to take the game to 

market. 

7.3 High-level Objectives  

The high-level objectives of the game were formulated by UWS (Connolly, Stansfield 

and Hainey, 2007).  The games-based learning environment was to provide a rich 

learning experience through the creation of a range of project scenarios to: 

 Promote an engineering ethos that emphasises fitness for purpose as the guiding 

principle in the design, development and assessment of information systems and 

their components. 

 Enable the learner to take a disciplined approach to requirements collection and 

analysis, and to the high-level specification, design and implementation of 

information systems and their components. 

 Enable the learner to handle complexity, vagueness and ambiguity during the 

project. 

 Enable the learner to develop a range of project management skills. 

 Assist the learner to develop analytical and problem-solving skills and transferable 

skills. 

 Assist the learner to develop the skills required for both autonomous practice and 

team-working. 

 Assist the learner to develop reflection and metacognitive strategies. 

In discussion with the advisory group, the following lower-level requirements were 

identified: 

 The game will be targeted at both university students in a computing-related 

subject and also the professional training market. 

 The game must support a number of players carrying out different roles (for 

example, analyst, developer, project manager) as well as a facilitator. 
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 Communication between players should be supported. 

 The facilitator will be able to see what the players are doing, will be able to 

intervene in the game (for example, to modify the frequency of new projects, to 

modify the number of people assigned to a project) and will be able to call team 

meetings to discuss issues that have arisen in the team’s play. 

 Ideally, in a team-based activity when a player is not available the game (AI) 

should play that role. 

 The game must be scenario-based to allow the players access to a range of project 

scenarios to provide practical experience. 

 The game must have a reasonably authentic underlying business model to model 

clients, projects, staff, suppliers and competitors.  The model should take 

cognisance of a range of project variables such as project budget, time, staff, staff 

specialisations, staff costs, resource costs.  These variables would be scenario-

specific. 

 The game should run in an online environment. 

 Game play should be recorded wherever possible to support debriefing, post-game 

analysis and evaluation. 

7.4 Game Play  

The game play was developed by the author based on the requirements identified 

above and the results from the literature review discussed in Chapter 3. The basic idea 

of the game was for the team (comprising one or more players) to manage and deliver 

a number of software development projects.  Each player has a specific role, such as 

project manager, systems analyst, systems designer or team leader.  A bank of 

scenarios have been created based on a number of case studies such as: the 

DreamHome Estate Agency (Connolly and Begg, 2005), the StayHome Online DVD 

Rentals company and the Perfect Pets Veterinary Clinic (Connolly and Begg, 2002).  

Each scenario has an underlying business model; for example, there will be a budget 

for the delivery of the project, a set timescale for the delivery of the project and a set 

of resources (for example, staff with specified technical specialisations) that can be 

used on the project.  Additional resources can be brought in for a project although this 

will have a cost and timescale (delay) associated with it.  The project manager has 
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overall responsibility for the delivery of each project on budget and on time and is 

given a short brief for each project.  Communication is one of the key aspects of the 

game and the project manager must communicate relevant details of the project to the 

other players.  This will be done using a message metaphor – any player can 

communicate with any other player(s) by sending a message.  Players have a message 

board that indicates whether there are any unread messages. 

 

The player(s) assigned to the system analyst role has to identify the requirements for 

the project.  To do this, the player must move through the game and ‘talk’ to the non-

player characters (NPCs) in the game, as illustrated in Figure 7.1.  In addition, there 

are objects in the game that can also convey relevant information when found (for 

example, a filing cabinet may convey requirements).  For the prototype, written 

transcripts will be used in place of NPC speech.  Each NPC’s ‘speech’ will contain 

some general background details and a number of requirements (the analyst has to 

distinguish the requirements from the general details).  Visiting the same NPC may 

generate the same speech or a new speech.  Each speech will generate a transcript that 

the analyst can visit at any point in the game.  During the play, the analyst can use the 

transcripts to produce an initial ‘wishlist’ of requirements, which can be refined until 

such time as the analyst believes all requirements have been identified, at which point 

the analyst can send the completed requirements to the project manager.  The project 

manager now has two choices: send the requirements to the designer to produce an 

outline high-level design or consider the requirements to be incorrect and ask the 

analyst to rework the requirements (asking for rework will have a ‘cost’ associated 

with it). 
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Figure 7.1: Screen during requirements collection 

7.5 Implementation of the Requirements Collection and Analysis Game 

The initial implementation of the game was carried out by TPLD and focuses on just 

the requirements collection and analysis activities.  The game was implemented 

incrementally in Java using TPLD’s proprietary IP2 games engine and the author 

tested each increment and provided continuous feedback to the partners. The game 

allows the player to gain an appreciation of the difference between user and system 

requirements to address the problem of the term ‘software requirement’ being used 

inconsistently in the software industry.  The game also allows appreciation of 

interviewing and requirement collection, conflicting requirements that require 

clarification, and the basic construction of a requirements specification.  The game 

takes place within a large exploratory environment to encompass important 

motivations such as challenge and curiosity.   
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Once the basic game environment, characters, objects and game play was developed 

the next stages of implementation was creating a content integration tool to 

incorporate appropriate case studies into the game.  The requirements collection and 

analysis game has three particular pieces of information that are obtainable in the 

virtual environment through the dialog and the interactions with the NPCs and 

objects: requirements, questions and ToDo information.  The requirements are the 

pieces of information that the player must collect through interviewing and fact-

finding techniques.  The requirements may conflict, be incomplete and require 

clarification.  It is the objective of the player to continue in the game environment 

until they are satisfied with the refined requirements specification that they have 

produced to submit to the project manager to generate their final feedback.  Questions 

are the key to unlocking the dialogs from the NPCs and the objects.  The players have 

the ability to ask questions, find additional questions and construct additional 

clarification questions.  ToDo information lists the objectives that a player is to 

achieve to accomplish the overall objectives.  The requirements collection and 

analysis game currently functions on the concept of missions.  A mission, for 

example, may be to “go and find all of the initial database requirements and 

transaction requirements for a particular case study”.  Missions can very well overlap 

in the game environment and are activated by asking particular questions.  These 

questions provide the additional steps in the mission sequence by means of the ToDo 

list highlighting how the player should proceed. 

 

The content and dialog scripts are incorporated into the game by the use of a 

customised dialog editor tool.  Although the tool’s primary function is to incorporate 

missions, scripts, dialogs, requirements, questions and ToDo information, it has a 

secondary function of positioning and customising the NPCs and objects in the 

gaming environment.  The tool also has the ability to define where the NPCs will 

move in the gaming environment.  Each different environment executes from four 

particular scripted files.  The main file defines the missions, scripts, dialogs, 

questions, requirements and ToDo information.  The supporting files define the NPCs, 

character groups, object groups and objects.  Requirements, questions and ToDo 

information are embedded within the scripts and dialogs.  Once the scripts are 

incorporated into the main file, the dialog editor tool can then be used to assign what 

particular groups of NPCs or objects can answer particular questions to unlock new 
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dialog.  The customised dialog tool most importantly overcomes the mental strain of 

visualising how to appropriately incorporate requirements, questions and ToDo 

information by making them directly embedded into the dialog and mission.  It also 

reduces the mental workload by allowing multiple types of file to be altered in an 

organised sequential fashion thusly reducing errors and omissions. 

 

The three mature case studies (DreamHome Estate Agency, StayHome Online DVD 

Rentals, Perfect Pets Veterinary Clinic) can be incorporated into the requirements 

collection and analysis game at various different levels of difficulty providing 

students with the opportunity to start at their own level and develop at their own pace 

in a supplementary learning capacity.  The prototype tool is not limited to these 

particular case studies and can incorporate any scripted case study.  Figure 7.2(a) and 

(b) shows the customised dialog editor for the incorporation of content.  Questions are 

highlighted in blue, requirements in green and ToDo information is highlighted in red. 

 Figure 7.2 (a) Screen during dialog incorporation 
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Figure 7.2 (b) Screen allowing embedding of requirements 

7.6 Case Study Selected for Evaluation 

The case study selected for the evaluation of the requirements collection and analysis 

game is the DreamHome case study (Connolly and Begg, 2009).  The case study has 

approximately 20 requirements in it consisting of user requirements and system 

requirements.  There are 2 sets of contradictory requirements that require the player to 

formulate new questions.  An overview of the case study is provided in the small 

office which contextualises the objectives as illustrated in Figure 7.3.  The case study 

requires the player to understand the hierarchical nature of an organisation and 

initially provides them with two starting questions.  The first character encountered in 

the main office virtual environment is an ‘advisor’ who provides instructions for the 

player to interview the director.  The hierarchical structure of the business has a 

director, manager, supervisor and assistant.  There is also an active computer object 

allowing the player to access requirements from an electronic source.  The player 

must identify as many requirements as possible by using fact finding interviewing 

techniques.  If they discover conflicting requirements that require clarification they 

must recognise that they must go one stage higher in the command structure to seek 

clarification, for example, if there are requirement conflicts between a supervisor and 

a manager then the player must clarify this point with the director to ensure that the 

proper solution has been obtained. 



 110

 

Figure 7.3: Small office providing an overview of the objectives 

7.7 Deploying and Launching the Game 

The game is currently made available to learners as a download.  The only 

requirement to run the game is that Java 1.5.2 must be installed on the machine that 

game is being played on.  To start the game the player must launch the Tinyweb web 

server, start the multiplayer server, and then open the client application which runs in 

both Firefox and Internet Explorer.  The original intention was to launch the game 

from TPLD’s external portal, however this proved to be problematic due to firewall 

problems.  Eventually the game was made into a download that could be played in 

labs and transported on a laptop if necessary.     
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8. Evaluating the Requirements Collection and Analysis Game 

8.1 Introduction  

This chapter discusses the evaluation of the requirements collection and analysis game 

(RCAG).  The main purpose of this chapter is to address research question 3: Can 

GBL be a suitable approach to teach requirements collection and analysis at a 

supplementary level in tertiary education?  The game was evaluated in three ways.  

Firstly, formatively in a pilot study to address improvements that could be made 

before it was presented to students.  Secondly, the game was evaluated summatively 

with Higher Education (HE) students at different institutions to address if the game 

could provide a supplementary learning experience for students in comparison with 

traditional teaching methods.  In the first HE experiment the game was compared to a 

paper-based alternative and a role-playing alternative, which was regarded as a pilot 

study to test the experimental methodology and was attempting to address the 

following two key things:  

 To test run the methodology and to establish that valid analysable results would be 

obtained.  

 To decide what traditional teaching technique would be most directly comparable 

to the RCAG to ensure a comparison of like with like.  

Two subsequent HE studies were then performed using role-play as the traditional 

technique for comparison.  Thirdly, the game was then evaluated summatively with 

both Further Education (FE) and HE students at different institutions to address if the 

game could provide a supplementary learning experience in comparison with a role-

playing alternative.  The game had to be evaluated at both FE and HE level to fully 

cover tertiary education.  Figure 8.1 shows the basic methods used to evaluate the 

RCAG.  This chapter will present the main findings of each study and will then 

present a comparative analysis between the HE and FE results to address whether the 

RCAG is better suited to students at HE level or FE level.  The RCAG will be 

evaluated using the previously discussed evaluation framework in Chapter 6.  The 

main categories of the evaluation framework that were utilised were learner 

performance, learner perceptions, and GBL environment.  Attitudes, preferences and 

motivations were also utilised to a lesser degree.  The reported results will focus on 
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learning effectiveness, aspects of the game and the comparative traditional 

technique(s) and learner perceptions.    

 

 

 

 

 

 

 

Figure 8.1: Basic methods to evaluate the RCAG  

8.2 Formative Evaluation  

Results of Expert Review Evaluation (Pilot Study) 

Eleven expert reviewers consisted of a combination of Social Scientists, Computer 

Scientists, Biologists, professional programmers and database developers.  The eleven 

expert reviewers were selected from different subject backgrounds to provide a 

greater number of more diverse suggestions.  For example, a computer scientist may 

tend to look at the evaluation from a technical point of view and a social scientist may 

tend to approach the evaluation from a more people oriented point of view.  This 

approach managed to successfully provide suggestions that may have been 

overlooked otherwise.  A brief summary description of each of the implemented 

changes is provided as a result of the expert user evaluation.  

 Introductory tutorial and introductory text – Prior to the evaluation there was no 

introductory tutorial or introductory text to contextualise the game experience for 

the user.  To rectify this, a small tutorial was implemented to explain how the 

game works.  The project manager now explains the case study and provides 

instructions at the beginning of the game about opening emails, acquiring 

questions and proceeding to the main game area.   

 Scroll bars – The scroll bars were not functioning properly and were not allowing 

the users to scroll up or down to view all of the requirements, questions and ToDo 

Expert Users 

Formative 

FE/HE Students 

Summative 

Game vs Paper Game vs Role-play 
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items when large numbers of items were in the list.  This was rectified and the 

scroll bars now function properly allowing full access to all the required 

information.    

 Dialogue Analysis – Prior to the evaluation the dialog or interactions of the 

player/characters in the environment were not recorded.  It was suggested that the 

dialog be written to a text file for further analysis and as a result the 

player/characters dialogs and interaction is now written to a text file for the player 

and tutor to see exactly what happened in the game.     

 Questions added to dialogue – Prior to the evaluation the questions asked by the 

player simply produced a response in the dialogue box, however it was suggested 

that including these questions in the dialogue box and then the answer would give 

the conversation more structure and continuity.  The questions asked by the 

learner now appear in the dialogue box to give a better feeling of conversation. 

 Initial Logon Screen Flicker – Initially before the evaluation, the initial logon 

screen for the game flickered making it difficult for the user to enter their logon 

information.  This was identified as a problem and has been rectified.   

 Ability to process large sections of dialog – It was discovered during the content 

incorporation phase and noted in the user evaluation that the dialogue box could 

only display a certain amount of text from a particular character.  If the dialog of a 

character was over a certain amount then the dialogue box would only display the 

last section of the text resulting in some of the conversation and more importantly 

the requirements and questions being lost during game play.  A mechanism was 

devised to allow the game to process large sections of dialog by splitting the 

dialog into manageable sections in the dialogue box.  The text now starts at the 

beginning and prompts the player to select a small ‘click for more’ link to display 

the next section of dialog.   

 Clarifying and confliction Requirements Error – The evaluation highlighted that 

the game did not always formulate clarification and confliction requirement 

questions properly.  The player should have had the ability to select two 

requirements from the requirements list, select the ‘clarify’ or ‘conflict’ button 

and the game should have generated an appropriate question.  This only turned out 

to be the case if the requirements were directly next to each other in the 

requirements list.  If the requirements were not directly next to each other then the 
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closest requirements was selected resulting in the generation of an erroneous 

question.  The games ability to formulate clarification and confliction questions 

was adjusted and rectified. 

 Name label flickering – The evaluation highlighted that the name label in the 

email box was flickering during game play and has since been rectified.  

 Scoring System – The evaluation highlighted that the scoring system did not 

always provide the user with a score or appropriate feedback at the end of the 

game that was reflective of their performance.  The requirements were then 

assigned appropriate scores based on relevancy and overall score and feedback at 

the end of the game is now provided. 

 Zoom in capabilities – The evaluation highlighted that the ability to zoom in on 

characters giving the players a better feeling of face to face conversation was a 

desirable attribute.  The game did not possess any zooming capabilities prior to 

the evaluation; however they have since been added. 

   

8.3 Summative Evaluation Overview 

8.3.1 Methodology 

The methodology selected to evaluate the RCAG is a pre-test  post-test, 

experimental / control group design where the control group was a traditional teaching 

approach.  Figure 8.2 shows the experimental design selected.  For the randomisation 

methodology, the HE students were randomly assigned to the experimental or control 

group.  The FE students were randomly assigned to an experimental or control group 

based on institution.  This was primarily due to time constraints as there was only 

sufficient time allocated in the FE institutions to do one part of the evaluation i.e. role-

play, game or paper-based. 
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Figure 8.2: Selected experimental methodology 

8.3.2 Participants 

The combined experiment involved 92 students, 55 students from Higher Education 

and 37 students from Further Education.  Table 8.1 shows the list of participants.  The 

majority of the participants had a small, a very small or no instruction in requirements 

collection and analysis.   

Table 8.1 List of participants in HE and FE experiments 

Education Level Institution and  Course  Group Numbers(n) 

HE Participants   55 
Experimental  16 UWS Introduction to Database 

Systems Module 
Control 13 

 
 

Study 1 
UWS Research students Control 10 

Experimental  4 Study 2 UWS Computer Games 
Technology Module Control 4 

Experimental  4  
Study 3 

Glasgow Caledonian University 
Computer Games Technology 
Module 

Control 4 

FE Participants   37 
Reid Kerr College 
HNC Computer Games Design 

Experimental  7 

Hamilton (Bell College) 
HNC Multimedia 

Experimental  7 

Anniesland College 
HND Technical Support 

Experimental  9 

 
 
 
 

Study 4 

Cardonald College 
HND Software Development 

Control 14 

HE and FE 
participants 

 

 
 

 82 (45 from 
HE, 37 from 

FE) 

Paper-Based 
Case Study 

Role-Play Case 
Study 

Requirements 
Game 

Pre-Test Post-Test 
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Experimental 

 
 
 

47 (24 from 
HE, 23 from 

FE) 

 
 
 
 
 

 
Study 5 

Comparison of 
HE and FE  

UWS Introduction to Database 
Systems Module   
UWS Computer Games 
Technology Module 
Glasgow Caledonian University 
Computer Games Technology 
Module 
Reid Kerr College 
HNC Computer Games Design 
Hamilton (Bell College) 
HNC Multimedia 
Anniesland College 
HND Technical Support 
Cardonald College 
HND Software Development 

 

Control 

 
35 (21 from 
HE, 14 from 

FE) 

 

8.3.3 Procedure 

Overview 

In study 1, 2, 3, 4 and 5 the main objects of discussion and comparison will be 

learning effectiveness, aspect ratings and perceptions of the learners.  There will also 

be a brief presentation of some qualitative data collected regarding the likes and 

dislikes of traditional approaches and GBL. 

Experimental Group (Game Group) 

In the experimental game group, each participant was presented with a pre-test 

designed to collect some demographic and learner type information, assess the level 

of knowledge the participant already possessed about requirements collection and 

analysis and collect additional information, such as the most important aspects that 

they believe a game should possess.  The participant was then presented with a 

summary information instruction screen that could be referred to at any point during 

game play.  The instructions screen detailed how to operate within the game 

environment and described the different types of requirements.  The Summary 

Information Instruction Screen for the Game is available at Appendix 2.  The 

participant played the game for as long as it took to produce a requirements 

specification that the player believed to be satisfactory.  This generally took between 

15 and 40 minutes.  Upon completion of the game the participant completed a post-
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test designed to test knowledge of requirements collection and analysis to assess 

whether there was an increase in knowledge.  The knowledge questions were not 

identical to the pre-test but very similar to ensure that the participants did not learn 

from the previously asked questions present in the pre-test.  It also collected 

information about positive and negative aspects of the game, aspect ratings, 

perceptions and preferences of the learners.  

Control Groups (Role-Play and Paper-Based Case Study) 

Study 1 used two control groups, one role-play and the other paper-based for the 

purpose of identifying the best traditional teaching approach to compare with the 

game.  Due to the interactive and textual nature of the RCAG, the two most similar 

approaches identified were role-play and paper-based.  Lectures and live-through case 

studies were not considered similar enough as lectures were not sufficiently 

interactive and live-through case studies were too time-consuming.       

 

In the control role-play group, each participant was presented with a pre-test similar to 

those in the game group collecting demographic information and learner type 

information and assessing the level of knowledge of requirements collection and 

analysis that the participants possessed.  The knowledge test was identical to the 

experimental game group.  The tests were slightly different because of having to adapt 

the tests for the particular contexts (i.e. game, role-play and paper-based) as some 

aspects are not comparable, for example graphics can be evaluated in a computer 

game, but can not be evaluated in a paper-based study or a role-play study.  The 

participants were then provided with a summary for the role-playing exercise similar 

to the summary screen for the game but with all the game elements removed in the 

paper-based format.  The RCA Role-Play Case Study Instructions are available at 

Appendix 3.  As in the game exercise, participants were provided with questions to 

start the role-play.  Members of staff and students acted out the parts of the characters 

in the game using the exact same case study and script that was incorporated into the 

game.  The RCA Role-Play Case Study Script is available at Appendix 4.  Participants 

were told to note down any requirements and any additional questions they asked that 

were not included in the script.  The role-play exercises took approximately 15 

minutes to 90 minutes and proceeded until all characters were interviewed to the 

satisfaction of the participants. Participants then completed the post-test to assess 
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whether there was an identifiable increase in knowledge.  The questions were not 

identical with those in the pre-test to prevent the participants having advanced 

knowledge of the questions, however the questions were similar.  The knowledge test 

questions in the role-play post-test were identical to those in the experimental group 

post-test.  It also collected information about the positive and negative aspects of the 

activity, aspect ratings, perceptions and preferences.  

 

In the control paper-based group each participant was presented with the pre-test 

collecting demographic information, learner type information and assessing the level 

of knowledge similar to the other two groups.  The participants were then presented 

with the same summary information excluding game and role-play elements.  The 

script for the role-play and the game were provided to the participants and they were 

asked to underline all requirements.  They were also asked to note down any 

additional questions that they believed to be necessary.  Participants were then 

presented with the post-test similar to those used in the other two groups but adapted 

for a paper-based study.  The knowledge test questions were the same as in the other 

two groups.      

 

All of the pre and post-tests differed when rating the aspects of the particular 

intervention as some aspects were not comparable between the game, the role-play 

and the paper-based case study.  Table 8.2 shows the different aspects in the pre and 

post-tests with regards to aspects of the particular intervention. 

 

All of the pre and post test interventions also differed in minor wording to adapt to the 

particular intervention, for example: Please rate how strongly you would agree with 

the following statements:   

Game: I would be willing to play this game over a prolonged period of time. 

Role-Play: I would be willing to participate in the role-playing case-study activity 

over a prolonged period of time. 

Paper-Based Case Study: I would be willing to participate in the paper-based case-

study activity over a prolonged period of time. 
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After each intervention there was a small debriefing period to attempt to explain the 

relevance of the experiment and get a general feel for how the participants felt about 

the experience.   

Table 8.2: Aspects in the different interventions 

Game Aspects Role-Play Aspects Paper-Based Aspects 
Graphics ****** ****** 

Sound ****** ****** 
Narrative and dialog Narrative and dialog Narrative and dialog 
Help and scaffolding 

facilities  
Help and scaffolding 

facilities  
Help and scaffolding 

facilities 
Character 

customisation 
****** ****** 

Realism of environment Realism of the scenario Realism of the scenario 
Navigation inside the 

environment 
****** ****** 

Realism of characters 
in the environment 

Realism of the 
characters 

Realism of the characters 
in the dialog 

Control mechanism and 
interface 

****** ****** 

Clear goal structure Clear goal structure Clear goal structure 
Collaboration Collaboration Collaboration 

****** Ability to improvise Ability to improvise 

 

8.4 Study One in HE (University of the West of Scotland) 

Study one involved 39 participants from the University of the West of Scotland.  All 

participants in the game and role-play groups were undertaking an Introduction to 

Database Systems module.  The paper-based group consisted of 10 PhD research 

students outside the field of computing who were undertaking PhDs in different 

disciplines such as Chemistry, Biology, Physics, Art, and Social Science.  The mean 

age of all the participants was 28 (SD = 6.913) and a range from 19 to 44 years.  16 

participants were assigned to the game group, 13 participants were assigned to a role-

playing group and 10 participants were assigned to a paper-based group.  The 

participants in the game group were a mixture of 10 (62.5%) undergraduate and 6 

(37.5%) postgraduate students from Computer Networking, Information Technology 

and Multimedia Technology programmes.  14 participants were male and 2 were 

female.  The mean age of participants was 25.13 years (SD = 5.57) with a range from 

19 to 36.  The participants in the role-playing group were a mixture of 8 (61.5%) 
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postgraduate students and 5 (38.5%) undergraduate students studying Computer 

Games Technology, Networking, Information Technology and Multimedia and Web 

Authoring.  The mean age of the participants was 29.31 (SD = 7.96) with a range 

from 19 to 44 years.  The paper-based group consisted of 10 PhD research students.  8 

(80%) were female and 2 (20%) were male.  The mean age was 30.90 (SD = 6.24) 

with a range from 24 to 44 years.  

8.4.1 Learning Effectiveness 

The mean score on the pre-test for the game group was 3.86 out of 6 (SD = 1.36) and 

on the post-test was 5.00 out of 6 (SD = 1.26).  A Wilcoxon matched-pairs signed, 

ranks test showed that the scores following the game intervention were significantly 

higher than scores before the game intervention (Z = -2.675, p < 0.0035).  For the 

role-playing group the pre-test mean on the knowledge score was 3.69 out of 6 (SD = 

1.03) and on the post-test 4.62 out of 6 (SD = 1.39).  A Wilcoxon matched-pairs 

signed, ranks test showed that the scores following the role-play intervention were 

also significantly higher than scores before the intervention (Z = -2.053, p < 0.02).  

The mean score for the pre-test in the paper-based case study group was 3.50 out of 6 

(SD = 1.72) and 4.50 out of 6 (SD = 1.08) on the post-test.  A Wilcoxon matched-

pairs signed, ranks test showed that the scores following the paper-based intervention 

were not significantly higher than scores before the intervention (Z = -1.549, p < 

0.06).  A Kruskal-Wallis test between the difference in the knowledge scores of the 

pre and post-test was not significant (χ2 = 0.272, p < 0.873).  This indicates that the 

variation of score-difference within groups is larger than the differences between the 

groups.   

8.4.2 Aspects Ratings 

Experimental Group (Game) 

Participants’ mean ratings of the aspects of the game-based learning environment 

(from very good, scored as 5 to very bad, scored as 1) were generally positive.  The 

aspects rated from highest to lowest were realism of the environment (4.00, SD = 

0.82), graphics (3.75, SD = 0.86), navigation inside the environment (3.75, SD = 

0.93), character customisation (3.38, SD = 0.89), realism of the characters in the 

environment (3.31, SD = 1.01), clear goal structure (3.31, SD = 1.08),  narrative and 
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dialog (3.25, SD = 1.06), and help and scaffolding facilities (3.13, SD = 0.89).  The 

lowest ratings were for collaboration (2.37, SD = 1.75) and sound (1.19, SD = 1.47).  

This suggested that participants were generally satisfied with the game interface as 

very few marks of 2 or less were observed 

Control Group (Role-Play) 

Participants’ ratings of the aspects of the role-play activity (from very good scored as 

5 to very bad scored as 1) were generally positive.  The aspects rated from highest to 

lowest were: collaboration (3.77, SD = 0.832), clear goal structure (3.54, SD = 1.13), 

narrative and dialog (3.54, SD = 0.78), ability to improvise (3.46, SD = 0.88), realism 

of the scenario (3.31, SD = 0.95), realism of the characters and the dialog (3.00, SD = 

1.15).  Help and scaffolding facilities rated the lowest (2.85, SD = 1.14).  

Control Group (Paper-Based Case Study) 

Participants’ ratings of the aspects of the paper-based case study (from very good, 

scored as 5 to very bad, scored as 1) were not particularly positive.  The aspects rated 

from highest to lowest were: narrative and dialog (4.20, SD = 0.63), realism of the 

scenario (3.70, SD = 1.41) and realism of characters in the dialog (3.40, SD = 1.51), 

clear goal structure (2.70, SD = 1.83), help and scaffolding facilities (2.20, SD = 

1.75), collaboration (2.00, SD = 1.70), and ability to improvise (2.00, SD = 1.63).  

The realism of narrative, dialog and characters being rated highly is an encouraging 

occurrence as the paper-based script is a direct representation of the dialog in the 

game, indicating that the case study is acceptable regardless of what format it is 

delivered in.  Table 8.3 shows the comparison of the different aspects between the 

three groups.   

Table 8.3: Comparison of aspects between the groups 

 Experimental 
Group (Game) 

Control Group 
(Role-Play) 

Control Group 
(Paper-Based Case 
Study) 
 

Realism of the 
environment/realism of 
the scenario 

4.00, SD = 0.82 3.31, SD = 0.95 3.70, SD = 1.41 

Graphics 3.75, SD = 0.86 ***** ***** 
Navigation inside the 
environment 

3.75, SD = 0.93 ***** ***** 

Character 3.38, SD = 0.89 ***** ***** 
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customisation 
Realism of the 
characters in the 
environment/characters 
and the dialog 

3.31, SD = 1.01 3.00, SD =1.15 3.40, SD = 1.51 

Clear goal structure 3.31, SD = 1.08 3.54, SD = 1.13 2.70, SD = 1.83 
Narrative and dialog 3.25, SD = 1.06 3.54, SD = 0.78 4.20, SD = 0.63 
Help and scaffolding 
facilities 

3.13, SD = 0.89 2.85, SD = 1.14 2.20, SD = 1.75 

Collaboration 2.37, SD = 1.75 3.77, SD = 0.832 2.00, SD = 1.70 
Sound 1.19, SD = 1.47 ***** ***** 
Ability to improvise ***** 3.46, SD = 0.88 2.00, SD = 1.63 
 

8.4.3 Learner Perceptions 

Experimental Group (Game) 

The students were generally supportive of the use of the game in learning.  15 of the 

16 participants agreed or strongly agreed that the game could be used in the intended 

domain in the future and 14/16 felt that the game fitted well into its intended context. 

12 agreed that the game was engaging, 9 agreed that the game sustained their 

engagement, 9 would like to play the game again and 12 believed that the game could 

increase their skills at Higher Education level.  Students were asked the open-ended 

question of what they thought were the most positive aspects of the game.  Several 

students picked up on the graphics as a positive feature of the game, while several 

liked the interaction and the conversational nature of the requirements collection: 

 “The interaction.”, “Conversation, collection of data.”, “It shows the user how and 

from where s/he could collect the required data.”, “Different people to ask e.g. 

advisor, manager.”   

 

One participant identified the real world setting of the game as useful in making links 

between being a student and working:   

 “It is good that it feels like you work in a company and have to solve a ‘real’ job.” 

 

One student commented on the game as useful in learning: “Makes you think so helps 

you learn.”  

 



 123

Participants also offered useful feedback about how to improve the game:  

 “Speed of character, how all the questions piled up/difficulty of organisation. 

Information overload at the beginning/no back story.”, “It was too repetitive.”, 

“No real control of the characters.”, “I couldn’t find the right persons for solving 

the conflicts I found.”, “I think it must have more controls and more questions to 

ask.” 

Control Group (Role-Play) 

The students were generally supportive of the role-playing exercise in learning as 

well.  9 of the 13 who participated agreed or strongly agreed that the role-play 

exercise could be used in the intended domain in the future and 7/13 felt that the role-

play fitted well into its intended context.  6 agreed that the role-playing activity was 

engaging, 5 agreed that the activity sustained their engagement.  5 would like to 

participate in a similar activity and 8 believed it could increase their skills at HE level.   

 

Students were asked the open ended question of what they thought were the most 

positive aspects of the role-play activity.  Several students picked up on the interactive 

nature of the role-play activity:  

 “Interactivity.”, “Interacting with others.”, “Group interaction.”   

 

3 students commented on the collecting information aspect of the exercise:  

 “Collecting important info.”, “Getting a lot of information quickly.”, “Questions 

and answers.”   

 

2 students picked up on the hierarchical nature of the case study:  

 “See how different employees at different levels in the company might operate.”, 

“Finding out about the database, find out different views.”    

 

Students also commented on the negative aspects of the role-playing exercise.  Two 

students picked up on the limitations of having a script with a real world interaction: 

 “Not all of the information asked for was contained in the script.”, “Some 

questions weren’t relevant to some members of staff.”   
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Two students picked up that it is difficult to record information when people are 

talking at speed:  

 “Pushed for time writing down when people speak.”, “Not getting enough 

information.”   

 

Some students found the experience confusing:  

 “Not sure what was required.”, “Can get quite confounded.” 

Control Group (Paper-Based Case Study) 

The students were not as supportive of the paper-based case study exercise in 

learning.  5 of the 10 who participated agreed that the paper-based exercise could be 

used in the intended domain in the future and 4/10 felt that the paper-based exercise 

fitted well into its intended context.  5 agreed that the paper-based activity was 

engaging, 5 agreed that the activity sustained their engagement.  4 would like to 

participate in a similar activity and 6 believed that it could be used to increase skills at 

HE level.  Students were asked the open ended question of what they thought were the 

most positive aspects of the paper-based case study activity.   2 students commented 

on the different views in the case study:  

 “The breakdown of the scripts in term of users.”, “Seeing the different 

requirements/opinions of the various users about what they felt the database 

should provide.”   

 

One student commented on being able to re-read the case-study:  

 “Being able to re-read the case study as I worked through it.”   

 

One student commented on the pace of the exercise:  

 “Dictating my own pace.”   
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Students also commented on the negative aspects of the paper-based case study 

exercise.   

4 students commented on the length of the exercise:  

 “Length of the exercise.”, “Long and confusing.”, “Length of it.”, “Quite long.”  

One student indicated that the exercise did not hold his or her attention: “Doesn’t 

interest me or hold my attention.”   

8.4.4 Summary of alterations to the experiment 

Study one showed that the learners were more supportive of the role-play exercise as 

opposed to the paper-based exercise in terms of aspects and perceptions.  The study 

highlighted that the role-play exercise gave the learners the ability to identify more 

requirements.  In the paper-based case study the learners were simply underlining 

large sections of the text without specifically identifying requirements resulting in the 

paper-based study being less comparable to the game as the identified number of 

requirements was ambiguous.  Another problem associated with the paper-based case 

study is that participants were being over analytical and re-reading the case study 

several times.  This resulted in the paper-based case study feeling relatively longer 

than the role-play and the game activity.  Also the paper-based case study group was 

the only group that did not experience a significant increase in knowledge.  With these 

justifications in mind all future studies were comparisons of the role-play and the 

game only.  One further alteration was to increase the number of knowledge questions 

in the pre and post tests to increase the variance and detect more significant 

differences in future studies.  The Game Pre-Test Questionnaire is available at 

Appendix 5, The Game Post-Test Questionnaire is available at Appendix 6, The Role-

Play Pre-Test Questionnaire is available at Appendix 7 and the Role-Play Post-Test 

Questionnaire is available at Appendix 8.   

8.5 Study Two (Serious Games Module) in HE  

8 participants from an honours year module called Serious Games at the University of 

the West of Scotland were randomly divided into two groups.  4 were assigned to a 

game group and 4 assigned to a role-playing group.  All participants were male. The 

mean age was 21.50 (SD = 0.76) with a range from 21 to 23.  All participants were 

completing a BSc Computer Games Technology and had received either no or a small 
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amount of instruction of requirements collection and analysis.  Participants played 

games for an average of 14 hours a week (SD = 6.36).       

8.5.1 Learning Effectiveness 

Participants’ scores on the knowledge requirements tests before and after both 

interventions were compared.  The mean score on the pre-test for the game group was 

7.50 out of 13 (SD = 4.72) and on the post-test 11.25 out of 13 (SD = 1.71).  A 

Wilcoxon matched-pairs signed, ranks test showed that the scores following the game 

intervention were significantly higher than scores before the game intervention (Z = -

1.604, p < 0.05).    The mean score in the pre-test for the role-play was 6.25 out of 13 

(SD = 1.5) and on the post-test 8.50 out of 13 (SD = 1.00).  A Wilcoxon matched-

pairs signed, ranks test showed that the scores following the role-play intervention 

were significantly higher than scores before the role-play intervention (Z = -1.841, p < 

0.03).  A Kruskal-Wallis test between the difference in the knowledge scores of the 

pre and post-test was not significant (χ2
 = 0.021, p < 0.884).  This indicates that the 

variation of score-difference within groups is larger than the differences between the 

groups.  This means that while both groups increased their knowledge, no one group 

significantly outperformed the other.  A Kruskal-Wallis test was used in this study 

and the following studies to remain consistent with study 1.  A Kruskal-Wallis test 

with a two group pre-test/post-test data set returns the same result as a Mann-Whitney 

U test.      

8.5.2 Aspects Ratings 

Experimental Group (Game)  

The ratings of the aspects of the game were generally very positive, however it should 

be noted that the results in this case were collected from a small sample.  Table 8.4 

shows the results ranked from highest (5) to lowest (1).   

 

Table 8.4: Ratings of the aspects of the game 

Aspect Rank Mean SD 

Navigation inside the 
environment 

1st  4.25 0.5 

Graphics 2nd 4.00 0.82 
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Realism of characters in 
the environment 

2nd  4.00 0.0 

Clear goal structure 2nd  4.00 0.82 
Narrative and dialog 3rd  3.75 0.5 
Character customisation 3rd  3.75 0.5 
Realism of environment 3rd  3.75 0.5 
Control mechanism and 
interface 

3rd  3.75 0.96 

Help and scaffolding 4th  3.50 0.58 

Collaboration  5th 1.00 1.41 
Sound 6th 0.25 0.5 

Control Group (Role-Play)  

The ratings of the aspects of the role-play were not particularly positive in comparison 

with the game, however it should be noted that the results were collected from a small 

sample.  Table 8.5 shows the results ranked from highest (5) to lowest (1).   

 

Table 8.5: Ratings of the aspects of the role-play 

Aspect Rank Mean SD 

Clear goal structure 1st 3.25 0.98 
Realism of scenario 2nd 3 0.82 
Narrative and dialog 3rd 2.75 0.96 
Ability to improvise 3rd 2.75 0.5 
Realism of characters in 
the dialog 

4th 2.25 
 

0.5 
 

Help and scaffolding 5th 1.75 0.96 
Collaboration 6th 1.75 0.96 

 

8.5.3 Learner Perceptions  

Experimental Group (Game) 

The students were generally supportive of the game in learning.  3 of the 4 

participants agreed that they would be willing to play the game for a prolonged period 

of time.  3/4 agreed that they would play it as part of a computing course.  3 agreed 

that the game was engaging, however only 1 reported that it sustained their 

engagement.  All participants agreed that the game fitted well into its intended 
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context.  1 strongly agreed and 2 agreed that the game could be used in its anticipated 

domain in the future.  All participants believed that future development of the game 

could potentially help learners of their demographic and 3 believed that future 

development of the game could potentially help them.  All participants agreed that the 

game provided a good overview of requirements collection and analysis and all 

participants either agreed or strongly agreed that they were proficient at playing 

games.  3 agreed and 1 strongly agreed that the game could be used to increase skills 

at HE level.  In terms of realism 2 agreed that the realism of the game was adequate.   

Control Group (Role-Play) 

The students were not very supportive of the role-play activity in learning.  2 of the 4 

participants disagreed and 1 strongly disagreed that they would be willing to 

participate in the activity over a prolonged period of time.  3 strongly disagreed that 

they would be willing to participate in a role-play exercise as part of a computing 

course.  Only 1 participant believed that the activity was engaging and only 1 

participant believed that the activity sustained their engagement.  All participants 

either disagreed or strongly disagreed that they would like to participate in a similar 

activity again.  All participants were indifferent about the role-play fitting well into its 

intended context and 3 disagreed that the role-play exercise could be used in its 

anticipated domain in the future.  1 participant believed that future development of the 

role-play could potentially help learners of their demographic while 3 disagreed.  All 

participants believed that the realism of the role-play was inadequate and that the role-

play could not increase their skills.  3 participants disagreed that the role-play could 

be used in Higher Education.  

8.6 Study Three (Glasgow Caledonian University) in HE 

8 participants from a Computer Games Software Development course at Glasgow 

Caledonian University were randomly divided into two groups.  4 were assigned to 

the game group and 4 were assigned to a role-playing group.  All participants were 

male.  The mean age was 19.13 (SD = 1.89) with a range from 17 to 22.  Participants 

played computer games for an average of 16.94 hours a week (SD = 7.56) with a 

range of 8 to 30.  
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8.6.1 Learning Effectiveness 

Participants’ scores on the knowledge requirements tests before and after both 

interventions were compared.  The mean score on the pre-test for the game group was 

4.50 out of 13 (SD = 3.11) and on the post-test was 9.75 out of 13 (SD = 1.26).  A 

Wilcoxon matched pairs signed ranks test indicated that the increase in knowledge 

scores on the pre-test and post-tests was significant (Z = -1.604, p < 0.05).  The mean 

score in the pre-test for the role-play group was 6.75 (SD = 0.96) and on the post-test 

was 9.75 (SD = 0.96).  A Wilcoxon matched pairs signed ranks test indicated that the 

increase in knowledge scores on the pre-test and post-tests was significant (Z = -

1.841, p < 0.033).  A Kruskal-Wallis test between the difference in the knowledge 

scores of the pre- and post-test was not significant (χ2
 = 0.788, p < 0.375).  This 

indicates that the variation of score-difference within groups is larger than the 

differences between the groups.  This means that while both groups increased their 

knowledge, no one group significantly outperformed the other.    

 

As the results of study 2 and 3 being relatively small samples, when the results of the 

two studies are combined i.e. 8 in the game group and 8 in the role-play group, the 

results are as follows: A Wilcoxon matched pairs signed ranks test indicated that the 

knowledge increase in the game group was significant (Z = -2.201, p < 0.01).  A 

Wilcoxon matched pairs signed ranks test indicated that the knowledge increase in the 

role-play group was also significant (Z = -2.539, p < 0.05).  A Kruskal-Wallis test 

between the difference in the knowledge scores of the pre and post-test was not 

significant (χ2
 = 0.635, p < 0.425).  This indicates that the variation of score-

difference within groups is larger than the differences between the groups.  This 

means that while both groups increased their knowledge, no one group significantly 

outperformed the other.    

8.6.2 Aspects Ratings 

Experimental Group (Game) 

The ratings of the aspects of the game were generally positive, however it should be 

noted that the results in this case were collected from a small sample.  Table 8.6 

shows the results ranked from highest (5) to lowest (1).   
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Table 8.6: Ratings of the aspects of the game 

Aspect Rank Mean SD 
Control mechanism and 
interface 

1st  4.50 0.58 

Navigation inside the 
environment 

2nd  4.25 0.5 

Character customisation 3rd  4.00 0.00 
Graphics 4th 3.75 0.5 
Help and scaffolding 4th 3.75 0.5 
Realism of the 
environment 

4th 3.75 0.5 

Realism of the characters 
in the environment 

4th 3.75 0.5 

Narrative and dialog 5th 3.25 0.96 
Clear goal structure 6th  3.00 1.41 

Collaboration 7th  2.5 1.73 
Sound 8th  0.75 0.96 

Control Group (Role-Play) 

The ratings of the aspects of the role-play were generally positive in comparison with 

study 2 however it should be noted that the results in this case were collected from a 

small sample.  Table 8.7 shows the results ranked from highest (5) to lowest (1).   

Table 8.7: Ratings of the aspects of the role-play 

Aspect Rank Mean SD 

Collaboration 1st 3.75 0.5 
Ability to improvise 1st 3.75 0.5 
Narrative and dialog 2nd 3.5 0.58 
Clear goal structure 3rd 3.25 0.96 
Help and scaffolding 4th 2.5 0.58 
Realism of the characters 
in the dialog 

4th 2.5 
 

0.58 
 

Realism of the scenario 5th 2.25 0.5 

8.6.3 Learner Perceptions  

Experimental Group (Game) 

The students were generally supportive of the game in learning.  2 of the 4 

participants agreed that they would be willing to play the game over a prolonged 

period of time and all participants agreed that they would be willing to play the game 

as part of a computing course.  3/4 of the students agreed that the game was engaging 



 131

however only 2 agreed or strongly agreed that the game sustained their engagement.  

2 participants strongly agreed and 2 agreed that the game fitted well into its intended 

context and all participants believed that the game could be used in its anticipated 

domain in the future.  All participants believed that future development of the game 

could potentially help learners of their demographic and 3 participants believed that 

future development of the game could potentially help them.  2 participants strongly 

agreed and 2 participants agreed that they were proficient at playing games and that 

the game provided a good overview of requirements collection and analysis.  All 

participants agreed that the realism in the game was adequate and that GBL could be 

used to increase skills at HE level.         

Control Group (Role-Play) 

The students were generally supportive of the role-play in this study.  3 of the 4 

participants agreed that they would be willing to participate in the role-play over a 

prolonged period of time, that they would participant in the role-play as part of a 

computing course, that the role-play was engaging and that it sustained their 

engagement.  3 of the participants agreed that they would like to participate in a 

similar activity again.  1 strongly agreed and 2 agreed that the role-play fitted well 

into its intended context and 2 agreed that it could be used in its anticipated domain in 

the future.  3/4 participants believed that the advice in the role-play was adequate, 

however 1 strongly agreed and 2 agreed that the role-play required increased realism 

to improve it.  2 agreed that future development of the role-play could potentially help 

learners of their demographic and 3 agreed that future development of the role-play 

could potentially help them.  1 strongly agreed and 2 agreed that they were proficient 

at role-playing and 2 agreed that the role-play activity gave a good overview of 

requirements collection and analysis.  3 agreed that role-playing could help increase 

their skills and could be used to increase skills at HE level.   

8.7 Study Four in FE Colleges 

37 participants from four Further Education (FE) colleges were randomly divided into 

2 groups depending on institution.  23 were assigned to the experimental (game) 

group and 14 were assigned to the control (role-playing) group.  7 participants were 

from Reid Kerr College, 9 from Anniesland College, 7 from Bell College (UWS 
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Hamilton campus) and 14 were from Cardonald College. 3 participants were female 

and 34 participants were male.  The mean age was 22.61 (SD = 6.75) with a range of 

18 to 47.  Participants played games for an average of 12.11 hours per week (SD = 

12.05).   

8.7.1 Learning Effectiveness 

Participants’ scores on the knowledge requirements tests before and after both 

interventions were compared.  The mean score on the pre-test in the role-play group 

was 5.36 out of 13 (SD = 1.82) and the mean score on the post-test was 6.64 out of 13 

(SD = 2.13).  A Wilcoxon matched-pairs signed ranks test indicated that the increase 

in knowledge was significant (Z = -1.836, p < 0.03).  The mean score in the pre-test in 

the game group was 4.83 (SD = 2.37) and on the post test was 6.43 (SD = 2.04).  A 

Wilcoxon matched-pairs signed ranks test indicated that the increase in knowledge 

was significant (Z = -2.574, p < 0.05).  A Kruskal-Wallis test between the difference 

in the knowledge scores of the pre and post-test was not significant (χ2
 = 0.169, p < 

0.681).  This indicates that the variation of score-difference within groups is larger 

than the differences between the groups.  This means that while both groups increased 

their knowledge, no one group significantly outperformed the other.    

8.7.2 Aspects Ratings  

Experimental Group (Game)  

The ratings of the aspects of the game by the FE students were generally positive.  

Table 8.8 shows the ranking of the aspects of the game for the FE students ranked 

from highest (5) to lowest (1).   
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Table 8.8: Ratings of the aspects of the game 

Aspect Rank Mean SD 
Navigation inside the environment 1st  3.83 0.83 
Graphics 2nd  3.78 0.85 
Realism of the environment 3rd  3.65 0.88 
Control mechanism and interface 4th  3.48 0.85 
Realism of the characters in the 
environment 

5th 3.35 
 

1.03 
 

Help and scaffolding 6th  3.30 0.88 
Clear goal structure 6th  3.30 1.18 
Narrative and dialog 7th  3.17 1.40 

Character customisation 8th  2.82 1.43 
Collaboration 9th  2.50 1.71 
Sounds 10th  0.87 1.42 

Control Group (Role-Play) 

The ratings of the aspects of the role-play by the FE students were generally positive 

Table 8.9 shows the ranking of the aspects of the role-play for the FE students ranked 

from highest (5) to lowest (1).   

Table 8.9: Ratings of the aspects of the game 

Aspect Rank Mean SD 

Narrative and dialog 1st 3.64 0.74 
Clear goal structure 2nd 3.54 0.88 
Ability to improvise 3rd 3.50 0.90 
Realism of scenario 4th 3.43 1.02 
Realism of characters in the 
dialog 

5th 3.29 
 

1.20 
 

Help and scaffolding 6th 3.07 1.07 
Collaboration 6th 3.07 0.83 

 

8.7.3 Learner Perceptions  

Experimental Group (Game) 

The FE student perceptions of the game were not particularly positive.  8 out of 23 

agreed that they would be willing to play the game as part of a computing course and 

6 agreed that they would be willing to play the game over a prolonged period of time.  

1 strongly agreed and 5 agreed that the game was engaging while 2 strongly agreed 

and 3 agreed that the game sustained their engagement.  1 participant strongly agreed 
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and 1 agreed that they would like to play the game again.  2 participants strongly 

agreed and 13 agreed that the game fitted well into its intended context while 1 

strongly agreed and 9 agreed that the game could be used in its anticipated domain in 

the future.  3 strongly agreed and 11 agreed that the advice in the game was 

acceptable.  2 strongly agreed and 10 agreed that future development of the game 

could potentially help learners of their demographic and that future development of 

the game could potentially help them.  1 strongly agreed and 10 agreed that the game 

provided a good overview of requirements collection and analysis.  9 participants 

believed that the realism of the game was adequate, 2 strongly agreed and 5 agreed 

that the game could increase their skills and 1 strongly agreed and 10 agreed that 

games-based learning could be used to increase skills at FE level.   

Control Group (Role-Play) 

The FE student perceptions of the role-play activity were generally positive.  6 out of 

the 14 participants agreed that they would be willing to participant in the role-play 

over a prolonged period of time, 1 strongly agreed and 6 agreed that they would be 

willing to participate in the role-play activity as part of a computing course, however 

only 5 agreed that they would like to participate in a similar activity.  9 participants 

agreed that the role-play was engaging and 1 strongly agreed and 8 agreed that the 

activity sustained their engagement.  1 strongly agreed and 9 agreed that the activity 

fitted well into its intended context and that the activity could be used in its 

anticipated domain in the future.  1 strongly agreed and 7 agreed that the advice in the 

role-play was adequate.  1 strongly agreed and 9 agreed that future development of the 

activity could potentially help learners of their demographic and 8 agreed and 1 

strongly agreed that future development of the role-play activity could potentially help 

them.  10 participants believed that the role-play exercise provided a good overview 

of requirements collection and analysis and that it could increase their skills.  3 

strongly agreed and 7 agreed that they believed the role-play could be used to increase 

their skills at FE level.  10 agreed that the role-play exercise required increased 

realism to improve it and only 5 agreed that the realism of the role-play exercise was 

adequate.  1 participant strongly agreed and 2 agreed that they were proficient at role-

playing activities.              
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8.8 Study Five Comparison of HE and FE Students 

8.8.1 Comparison of Learning Effectiveness 

Overall 24 students evaluated the game at HE level and 23 evaluated the game at FE 

level.  21 participants were in the role-play group at HE level and 14 were in the role-

play group at FE level.  In terms of knowledge acquisition in the two game groups, 

due to the addition of questions as a result of the pilot study, the two game groups can 

be compared in two different ways.  Firstly the 24 students in HE can be compared to 

the 23 in FE by taking the 6 original knowledge questions into consideration and 

secondly the 8 students at HE can be compared to the 23 students at FE by taking all 

of the additional questions into account, including the original 6.   

Game Group Using Original Six Knowledge Questions 

When all of the HE students are taken into account in the game group a Wilcoxon 

matched-pairs signed ranks test indicated that the increase in knowledge between the 

pre- and post-tests was significant (Z = -2.610, p < 0.045) indicating that the RCAG 

was a suitable supplementary learning tool at HE level to teach requirements 

collection and analysis concepts.  When all of the FE students are taken into account 

in the game group a Wilcoxon matched-pairs signed ranks test indicated that the 

increase in knowledge was significant which also shows that there is an increase in 

knowledge between the pre and post tests (Z = -2.371, p < 0.009) indicating that the 

RCAG was a suitable supplementary learning tool at FE level.  A Mann-Whitney U 

test was conducted to address whether there was a significant difference in initial 

knowledge in the pre-test between HE and FE students (Z = -2.741, p < 0.003).  

Students at HE level had a significantly higher level of knowledge scoring higher in 

the pre-test (4.04, SD = 1.55) than FE students (3.70, SD = 1.43).  On completion of 

the post-test, while both groups had increased their knowledge scores, a Mann-

Whitney U test revealed that there was still a significant difference in knowledge 

between FE and HE post-test scores (Z = -3.471, p < 0.0005) and students at HE level 

still had a higher level of knowledge than FE students.  This indicates that while the 

RCAG is providing a suitable supplementary learning experience, it may be more 

suited to HE level in the current version and certainly raises the issue that the different 

levels of knowledge in FE and HE students should be considered.  It may be a 
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worthwhile consideration to produce a simplified version of the RCAG to address 

lower levels of initial knowledge at FE level in future research.   

Game Group Using Additional Knowledge Questions 

A comparison of the FE and HE students using the 8 students from HE and the 23 

students from FE in the game group with the additional questions was performed.  A 

Mann-Whitney U test revealed that there was no significant difference between the 

levels of knowledge of the HE and FE students in the pre-test (Z = -.728, p < 0.467).  

However in the post-test it was noted that the scores of the HE students (10.50, SD = 

1.60) was significantly higher than the students in FE (6.43, SD = 2.04) (Z = -3.798, p 

< 0.000).  Again this tends to indicate that the current version of the game is more 

appropriately suited to students in HE.  FE students could possibly benefit from a 

simpler version of the game in terms of difficulty of the case study.  A Kruskal-Wallis 

test between the difference in the knowledge scores of the FE and HE groups with the 

additional knowledge questions was significant (χ2
 = 3.551, p < 0.03).  The mean rank 

for HE students was 21.19 and for FE students 14.20 meaning that in this particular 

case the HE students outperformed the FE students.     

Role-Play Group Using Original Six Knowledge Questions 

A comparison of the role-play groups at HE and FE with the 6 original questions was 

performed.  21 students participated at HE level and 14 participated at FE level.  A 

Mann-Whitney U test revealed that there was a significant difference in the level of 

knowledge between the two groups in the pre-test (Z = -1.893, p < 0.029).  The HE 

students had a significantly higher level of starting knowledge with a mean score of 

3.86 out of 6 (SD = 0.91), the FE students had a mean score of 3.07 (SD = 1.38).   

There was also a significant difference between the level of knowledge of the two 

groups in the post test (Z = -2.195, p < 0.028) with the HE group scoring significantly 

higher (4.80, SD = 1.08) than the FE group (3.78, SD = 1.42).  A Kruskal-Wallis test 

between the difference in the knowledge scores of the FE and HE groups in the role-

play with the 6 original knowledge questions was not significant (χ2
 = 0.788, p < 

0.375).  This means that the one group did not do significantly better or worse than 

the other. 
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Role-Play Group Using Additional Knowledge Questions 

A comparison of the FE and HE students using the 8 students from HE and the 14 

students from FE in the role-play group with the additional questions was performed. 

A Mann-Whitney U test revealed that there was a significant difference between the 

levels of knowledge of the HE and FE students in the pre-test (Z = -1.950, p < 0.02).  

HE students possessed a higher level of initial knowledge in the pre-test (6.50, SD = 

1.20) than FE students (5.36, SD = 1.13).  In the post-test it was noted that the scores 

of the HE students (9.125, SD = 1.13) was significantly higher than the students in FE 

(6.64, SD = 2.13) (Z = - 2.685, p < 0.003).  This indicates that the role-play exercise, 

like the game intervention may be more suited to HE students than FE.  A Kruskal-

Wallis test between the difference in the knowledge scores of the FE and HE groups 

in the role-play with the additional knowledge questions was not significant (χ2
 = 

1.663, p < 0.197).  This means that the one group did not do significantly better or 

worse than the other.  The Learning Effectiveness Data Sets for all 5 studies are 

provided in Appendix 10.  

8.8.2 Comparison of Aspects Ratings 

Game Aspects 

Table 8.10 shows the comparison of the rankings of the aspects of the game of FE and 

HE learners. 



 138

Table 8.10: Comparison of the aspects of the game between HE and FE 

 FE Level HE Level 
Aspect Rank Mean SD Rank Mean SD 
Navigation inside the 
environment 

1st 3.83 
 

0.83 
 

2nd 3.92 0.83 

Graphics 2nd 3.78 0.85 3rd 3.79 0.78 
Realism of environment 3rd 3.65 0.88 2nd 3.92 .072 
Control mechanism and 
interface 

4th 3.48 
 

0.85 
 

1st 4.13 
 

0.83 
 

Realism of the characters 
in the environment 

5th 3.35 
 

1.03 
 

5th 3.50 
 

0.88 
 

Help and scaffolding 6th 3.30 0.88 8th 3.29 0.81 
Clear goal structure 6th 3.30 1.18 6th 3.38 1.10 
Narrative and dialog 7th 3.17 1.40 7th 3.33 0.96 
Character customisation 8th 

2.83 1.43 4th 3.54 0.78 
Collaboration 9th 2.50 1.71 9th 2.17 1.71 

 

Despite a difference in the ranking of the aspects between FE and HE learners, a 

Mann-Whitney U test revealed that this was not significant.  This indicates that the 

aspects of the game did not strongly influence learning in either the FE or the HE 

group.  The students at HE level seemed to appreciate the character customisation 

facilities to a greater extent.    

 

In terms of aspects of the game the pre-test asked the participants to rate the 

importance of the aspects of games in general and the post-test asked them to rate 

these aspects in the RCAG.  This means that whether the aspects of the game have 

met the expectations of the two learner groups can be assessed.  With the FE students 

a Wilcoxon matched-pairs signed ranks test indicated that the game met the 

expectations with regards to graphics, help and scaffolding facilities, and realism of 

the environment.  The game did not meet the expectations of the learners at FE level 

with regards to the following aspects: narrative and dialog, character customisation, 

navigation inside the environment, realism of the characters in the environment, 

control mechanism and interface and clear goal structure.  The mean rating for these 

aspects in the post-test were significantly lower than in the pre-test indicating that 

these are areas that may require improvement in the game.    
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With the HE students a Wilcoxon paired signs ranked test indicated that the game met 

the majority of the expectations of the learners.  There was no significant difference 

between pre and post test with regards to the following 6 aspects: graphics, narrative 

and dialog, help and scaffolding facilities, character customisation, realism of the 

environment, and control mechanism and interface.  The results indicate that the game 

did not meet the HE learners’ expectations with regards to: navigation inside the 

environment, realism of the characters in the environment and clear goal structure.   

Role-Play Aspects 

Table 8.11 shows the comparison of the rankings of the aspects of the role-play 

activity of FE and HE learners. 

 

Table 8.11 Comparison of role-play activity between HE and FE 

 FE Level HE Level 
Aspect Rank Mean SD Rank Mean SD 
Narrative and dialog 1st 3.64 0.74 2nd 3.38 0.80 
Clear goal structure 2nd 3.54 0.88 1st 3.43 1.03 
Ability to improvise 3rd 3.50 0.90 2nd 3.38 0.80 
Realism of scenario 4th 3.43 1.02 3rd 3.05 0.92 
Realism of the 
characters in the dialog 

5th 3.29 
 

1.20 
 

4th 2.76 
 

0.99 
 

Help and scaffolding 
facilities 

6th 3.07 
 

1.07 
 

5th 2.57 
 

1.08 
 

Collaboration 6th 3.07 0.82 2nd 3.38 1.12 

 

Despite a difference in the ranking of the role-play aspects, a Mann-Whitney U test 

indicated that there were no significant differences in any of the aspects of the role-

play exercise between FE and HE.  This indicates that the aspects of the role-play 

exercise did not strongly influence learning in both FE and HE.   

 

The expectations of the aspects of the role-playing exercise can also be assessed to 

address whether the actual exercise met the expectations of the learners.  With the FE 

students a Wilcoxon matched pairs signed ranks test indicated that the role-play 

exercise met the expectations of the learners in every category.   This was not the case 

at HE level as a Wilcoxon matched-pairs signed ranks test indicated the role-play 

exercise failed to meet the expectations of the learners in every category.       
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8.8.3 Comparison of Learner Perceptions 

Game Groups  

Overall HE students were more accepting of the game.  HE students were 

significantly more willing to play the game over a prolonged period of time (Z = -

3.145, p < 0.001) (Mean = 3.33 out of 5, SD = 1.09) than FE students (Mean = 2.13, 

SD = 1.29).  They were also more willing to play the game as part of a computing 

course (Z = - 3.866, p < 0.000) (HE Mean = 4.00, SD = 0.59; FE Mean = 2.78, SD = 

1.13) and found the game more engaging (Z = -3.399, p < 0.0005).  HE students also 

expressed a significantly greater desire to play the game again (Z = -3.790, p < 0.000) 

and felt that it could be used in its anticipated domain in the future (Z = -3.425, p < 

0.0005) and at tertiary education level (Z = -2.661, p < 0.004).  HE students were also 

significantly less distracted while playing the game (Mean = 2.17, SD = 1.17) than FE 

students (Mean = 3.09, SD = 1.28) (Z = -2.621, p < 0.005) and believed that future 

development of the game could potentially help people of their demographic more 

significantly than FE students (HE Mean = 3.88, SD = 0.99; FE Mean = 3.04, SD = 

1.49) (Z = -2.216, p < 0.013).   HE students also more firmly believed that the game 

provided a good overview of requirements collection and analysis (Z = -2.217, p <  

0.013).   

 

Both groups believed that the advice quality in the game was acceptable (Z = -.451, p 

< 0.652) (HE Mean = 3.54, SD = 0.93; FE Mean = 3.57, SD = 1.08), and that the 

game was complex (Z = -0.044, p < 0.482).  Both groups believed that they were 

proficient at playing games (HE Mean = 4.00, SD = 1.14; FE Mean = 3.73, SD = 

1.21) and believed that the realism of the game was adequate and that generally the 

game did not require increased or decreased realism to improve it.  Both groups also 

believed that future development of the game could potentially help them (HE Mean = 

3.87, SD = 0.99; FE Mean = 3.04, SD = 1.49); (Z = -.997, p < 0.159).      

Participants were asked the open ended question of what they would like to see 

improved in the game.  Some of the more interesting suggestions were:  

 “Graphics, sounds added”, “better display of text, better instructions”, “user-

interface/dialogue.  An option to view the requirements on a larger screen.  

Dialogue tidied up and allowed scrolling.”  “More staff members, bigger office.” 
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Role-Play Groups 

A Wilcoxon matched-pairs signed ranks test showed no significant differences in 

perceptions of the role-play activity between the HE and FE groups.  It is possible that 

the differences in perceptions in the game groups is related to the fact that games-

based learning is a newer, more novel approach and role-play is in some respects 

more familiar.     

 

Participants were also asked the open ended question of what they would like to see 

improved in the role-play activity.  Some of the more interesting suggestions were: 

 “A more detailed list of questions”, better “flow”, better “improvisation”, 

including “more background info”, “more realistic environment”.  

8.9 Qualitative Data – Comparison of Traditional Approaches and GBL  

All the participants at FE and HE level in both the control and experimental groups 

were asked a number of open-ended questions.  In the pre-test the participants were 

asked to list everything that they liked and disliked about traditional teaching 

approaches such as lectures, labs, tutorials, examinations etc.  Some of the positive 

and negative responses are shown in Table 8.12 
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Table 8.12 Likes and dislikes of traditional teaching approaches 

Likes Dislikes 
Lectures introduce new topics.  Lab/tutorials 
- in depth study of topics. 

Exams – unrealistic compared to real 
life situations. 

Clearly structured lessons/lectures.  
Demonstration of techniques. 

Ambiguity, irrelevant 
courses/information. 

The opportunity to ask questions at tutorials 
and have concepts shown in a more relevant 
fashion (examples etc).    The amount of 
material distributed at lectures. 
 
 

Lectures are often uninteresting.  
Tutorials often aren't challenging 
enough or relevant enough.  
Examinations are very stressful.  Labs 
are often unchallenging and 
unstructured. 

Ability to ask questions, group atmosphere, 
structured time. 

Lack of comfort, dry materials, unable 
to manage my own time. 

Labs and tutorial - you see what you are 
doing. 

Lectures - I only sit there to see Power 
Point slides. 

The ability to air questions when things are 
ambiguous. 

Often very boring. 
 

Collaborative, hands on, competitive Not flexible, can be boring. 
Learning new material and then applying 
knowledge learnt and perform labs.  
Examinations let us see how well we have 
understood what we have learnt. 

Sitting through long lectures, difficult 
exam questions and nervousness. 
 
 

Everything that is said has a copy and 
justification, you can look at yourself. 

Lectures are FAR too tedious. 
 

Labs and tutorials are interesting from my 
point of view. 

The duration of lectures and the 
atmosphere of the exam. 

They balance teaching and practical 
assessment well. 

Impersonal.  Examinations are a single 
effort and lead to pressure. 

Fixed format so you know what to expect 
and there are no surprises.  You have been 
conditioned how to respond to this form of 
learning. 

They can waste a lot of time when 
learning can be more intuitive and 
interesting. 
 

Contains useful information. 
 

Depends too much on strength of 
lecturer.  Lack of support at times. 

Rich information given. Uninteresting environment. 
Lots of information. Rather dull and long. 
Room for discussion. Too formal in lectures. 
Structured, planned. Sometimes boring, only stats in the lab. 
Communication with students and lecturers. Monotonous lectures. 
Not much. Generally boring. 

 

The participants were also asked what they would potentially like or dislike about a 

Games-based learning approach.  Some of the positive and negative responses are 

shown in Table 8.13 
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Table 8.13 Likes and dislikes of GBL 

Likes Dislikes 
User-friendliness. Some people may not take it seriously. 
New approach can be used in conjunction 
with existing methods. 
 

The game will be neither a learning tool 
nor a full game - the balance may not 
work well. 

Learn at my own speed.  Interactivity and 
animated examples. 

Often tedious and boring.  Limited 
knowledge being transferred. 

Casual, based on self discipline, able to take 
my own breaks. 

Visually tiresome, repetitive. 
 

Interesting, something could involve 
activities. 

Too lost in a game then forget what you 
are doing (studying). 

Being interactive.  Participative - close to 
real life, interactive, ability to explore. 

Not being able to ask questions. 
 

Play it on your own terms, learn what you 
want to learn first.  Have a mental image of 
playing the game to remember details. 

Not having a tutor about to help 
 
 

The fun aspect of it which will probably 
make learning easier. 

The different approach to learning which 
may seem unusual or not accustomed to. 

Probably makes it fun.  Easy to understand 
if it is good. 
 

Learning effect may not be very high.  
Could be time wasting when playing too 
much. 

Interaction will help you learn and 
remember learning by doing, "playing" 
instead of "working".  Easier to concentrate. 

Not as much information as a lecture 
slide. 
 

More useful than paper-based. 
 

The contents could be presented in 
different ways. 

Fun, involving. Impersonal, potentially distracting. 
Challenging and will help in consolidating 
what I learn into memory. 

Learning curve and the discomfort of 
increasing my comfort zone. 

Collaboration. Realism. 
Interesting and enjoyable. Directness of information given. 
Collaboration, shared goals. Technical problems. 
Informal feel. Lack of knowledge. 
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8.10 Summary 

Overall the studies performed in this chapter have shown that GBL can be a suitable 

approach to teach requirements collection and analysis at a supplementary level in 

tertiary education.  While the control and experimental groups all experienced a 

significant increase in knowledge at both FE and HE level, the research performed 

indicated that a GBL approach to teach requirements collection and analysis may be 

more suitable to HE level than FE level.  In terms of knowledge acquisition with 

regards to the original six knowledge questions,  the HE experimental group learners 

had a higher level of knowledge in the pre-test and a higher level of knowledge on the 

post-test in comparison with the FE group experimental group learners.  This suggests 

that different levels of initial knowledge should be taken into account when 

considering a GBL approach for different educational levels.  When comparing the 

HE and FE students with the additional questions there was no significant difference 

between knowledge levels on the pre-test, however HE students had a significantly 

higher level of knowledge in the post-test again indicating that the GBL approach is 

more effective at HE level than FE level.   There was no significant difference in the 

ratings of the aspects of the game between the groups indicating that the aspects 

remained consistent and did not aversely affect the results. 

 

The results indicate that the game did not meet the expectations of FE learners to as 

much of a degree as the HE learners.  The game met FE expectations with regards to 3 

aspects; however it met HE expectations with regards to 6 aspects.  Interestingly the 

role-play activity met the expectations of FE students but did not meet any of the 

expectations of any of the categories in HE.  This is possibly because role-play is a 

better known technique at FE level and GBL is a newer more novel technique.  The 

differences in expectations could not be explained by a difference of age or any 

significant difference in expectation levels in the pre-test between the two groups.  

 

In terms of perceptions HE students were more accepting of the game.  They were 

more willing to play the game over time, play the game as part of a computing course 

and found the game more engaging.  HE students also expressed a greater desire to 

play the game again and felt that the game could be used in its anticipated domain in 

the future.  HE students were less distracted while playing the game and believed that 



 145

future development of the game could potentially help people of their demographic 

more.  

 

Both groups believed that the game fitted well into its intended context, that the 

advice in the game was acceptable and that the game was complex.  They also 

believed that the realism of the game was adequate and that generally, the game did 

not require increased or decreased realism to improve it and that future development 

of the game could potentially help them.  

 

In conclusion the studies showed that a GBL approach can be used to teach software 

engineering concepts at a supplementary level in tertiary education.  The approach 

seems to be more suited to HE learners in terms of knowledge acquisition, aspects and 

perceptions as opposed to FE learners.  Despite the fact that the game did not meet the 

expectations of FE learners and was perceived slightly more negatively, the game 

proved to be just as effective as the role-play in providing a supplementary learning 

experience at FE level.  One possible explanation for this difference in perceptions 

and expectations is differing levels of maturity between the groups of learners.      

 

A highly important issue to discuss is that this chapter has provided a preliminary 

evaluation of a game to offer insight into its potential usability and learning 

effectiveness at tertiary education level.  The evaluation has shown that the game can 

be used, however to be used effectively in a course or module would require different, 

more substantial qualitative study and experience.   
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9. Conclusions, Reflections and Future Directions 

9.1 Introduction 

This chapter will summarise the conclusions, reflections and future directions of the 

work that has been discussed in the previous chapters and also what has been 

discovered in the research as a collective whole.  The first section will revisit the three 

original research questions posed and will discuss the answers discovered and to what 

extent the questions have been answered.  Each research question will then be 

discussed in terms of work performed, original contribution to knowledge and 

limitations of the research. The overall original contribution to knowledge of the 

thesis will then be discussed.  The chapter concludes with a discussion of future 

research directions.  

9.2 Conclusions 

At the beginning of the thesis, there were three research questions posed regarding: 

what views HE students have with computer games and computer games for learning, 

what existing empirical evidence relates to GBL in the field of software engineering, 

existing evaluation frameworks, how GBL is evaluated and whether GBL is a suitable 

approach to teach software engineering concepts particularly requirements collection 

and analysis at tertiary education level.  Each of the questions will now be discussed 

in relation to their findings, to what extent they have been answered and limitations.     

9.2.1 Games as a Medium for Learning in Tertiary Education  

The question of: ‘will computer games be accepted as a medium for learning within a 

tertiary education context?’ was originally posed as it was considered necessary to see 

if students would accept computer games as a medium for learning within a tertiary 

education context before a GBL environment to teach software engineering concepts 

was developed.  This was to ensure that the development of the game was justified.  

The first survey performed in 2005 (study one) showed overwhelming support for the 

use of computer games as a medium for learning in a Higher Education context.  

85.1% of participants believed that computer games had potential for learning in HE.  

During the course of the research and the development of the requirements collection 

and analysis game (RCAG) it became interesting to know if the acceptability of 
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computer games had altered over a period of time.  As a result two additional surveys 

were performed in 2007 (study two) and 2009 (study three).  This revealed that the 

acceptability of computer games as a learning medium is still high but appears to be 

decreasing as 69% believed that computer games had potential to teach in HE in study 

two and 58.5% believed they had potential in study three.  The research discovered 

that the acceptance of computer games for learning in a HE context was generally 

positive over a four year period.  The amount of time that students play computer 

games in their leisure time was also consistent over the four year period i.e. 7.61 

hours per week across all three studies.  This part of the research question was 

answered to an acceptable standard and rechecked during the development process to 

acquire further insight and further empirical evidence.  

 

The question of ‘What are students’ main motivations for playing computer games in 

a general context and in an educational context? ’ was considered necessary to gain 

insight into what motivates students to play computer games in a general context and 

in a HE context.  It was also considered important to ascertain what motivates people 

to continue to play games when they get progressively more difficult and what type of 

computer games they play.  Again it became highly interesting to know if the 

motivations for playing computer games in general and in HE would change over time 

so motivations were tracked in study two and study three.  Across the three studies it 

was discovered that the most important motivations for playing computer games in a 

general context were: pleasure, relaxation, challenge, leisure and curiosity.  The most 

important motivations for playing games in a HE context were: challenge, curiosity 

and cooperation.  The most important motivations for continuing to play a game when 

it got progressively more difficult were: challenge, completion, achievement, 

determination and competition.  Strategy, adventure and role-playing games were 

amongst the most popular for both male and female students.  These studies helped to 

inform the design and development of the RCAG by assisting to incorporate 

motivational aspects, providing insight into which type of game to develop and what 

kind of delivery platform i.e. an online game.   

 

One major strength of the work performed to answer research question one is that due 

to the lack of empirical evidence in the GBL literature and lack of longitudinal 

studies, these studies can be seen as the first steps to performing a longitudinal 
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analysis of the acceptability of computer games in HE, motivations for playing 

computer games in a general context and a HE context, types of games played, game 

playing habits, skills that can be obtained and attitudes towards computer games. 

 

Weakness associated with survey studies is that they suffer from poor methodological 

design.  Another limitation is that the surveys were only run at one HE institution and 

the survey would need to be run across a number of HE and FE institutions for 

generalisable results.  Running an additional study at an FE level may explain why the 

RCAG was considered more suitable to HE students if the attitudes to computer 

games between the two groups of students were different.            

9.2.2 Empirical Evidence Associated With GBL in Computing 

The question of ‘what empirical evidence associated with GBL and software 

engineering concepts currently exists in the literature?’ was posed for three reasons: 

firstly, it was necessary to provide an overview of the empirical evidence associated 

with computer games used to teach computing concepts (computer science, 

information systems and software engineering); secondly, it was necessary to see if 

computer games had in fact been utilised to some degree to teach software 

engineering concepts and thirdly to find out if there was a suitable game to teach 

requirements collection and analysis that had already been developed. 

 

The research discovered that there are a number of relatively mature games developed 

in the fields of computer science, information systems and software engineering, 

however, the empirical evidence associated with these games is severely limited and 

in some cases non-existent.  The research therefore reaffirmed that there is a dearth of 

empirical evidence on the use of games to teach software engineering and also the 

originality of this project as there was no game exactly like the RCAG.  The main 

strengths of the research performed to answer this research question were that the 

literature search (literature search one) performed was very extensive, returning 

several thousands of articles and searching various well-known electronic databases.  

It also managed to provide evidence for the originality of the project.  The major 

weakness of any literature review is that there is no certainty that everything has been 

identified as things may be missed as every database can not be searched.  Literature 

search two was performed for the different purpose of identifying empirical 
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measurements and evaluation frameworks, however managed to confirm the findings 

of literature search one and identify three additional games that had been developed 

since 2006.       

To address uncertainty two additional literature reviews were performed to confirm 

the findings of the first literature review and identify any additional games developed 

in the literature.                         

9.2.3 Existing Evaluation Frameworks - How GBL is Evaluated 

The question of ‘what evaluation frameworks are present and how has GBL been 

evaluated?’ was posed to attempt to find evaluation frameworks and approaches to 

evaluate the RCAG.  A literature search (literature search two) was performed to 

identify evaluation frameworks and measurements taken to evaluate GBL.  This was a 

more extensive literature search than literature search one as it was not restricted to 

the fields of computer science, software engineering, and information systems.  The 

time scale of the literature was from 1996 to 2008.   

 

The research discovered a number of evaluation frameworks for GBL (Tan, Ling and 

Ting, 2007; Amory, Naicker, Vincent and Adams, 1999; Amory, 2006; Kirkpatrick 

1994; Baker and Mayer, 1999; Dondi and Moretti, 2007; de Freitas and Oliver, 2006).  

While these frameworks provided some ideas for guiding the evaluation, they were 

not considered specific enough and did not provide sufficient measurements.  To 

address this problem all of the articles encountered that took some form of empirical 

measurement were searched.  All of the measurements encountered were compiled 

into a new evaluation framework for GBL.  The evaluation framework should be 

considered as a starting point for researchers who wish to evaluate a GBL application.  

The framework is divided into a number of categories with a selection of 

measurements associated with each category.  In some respects the framework can be 

seen as a compilation of previous measurements of GBL from the academic literature.  

The main strengths of the framework is that it acts as a mechanism to generate ideas 

for GBL evaluation with detailed academic references and that it is extensible and 

adaptable to encompass future work.  Weaknesses associated with the framework are 

that the categories and terminology used to construct it are open to debate and as in 

literature search one, it is possible that some relevant aspects in the grey literature 

may not have been found.  In terms of answering the research question two, the 
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literature review managed to identify a number of existing frameworks and assisted in 

the construction of a practical, theoretical evaluation framework for GBL.  As the 

framework has been utilised to guide two GBL evaluations, the research question has 

been answered.              

9.2.4 GBL to Teach Requirements Collection and Analysis at Tertiary Education 

The question of ‘can GBL be a suitable approach to teach requirements collection and 

analysis at a supplementary level in tertiary education?’ was posed as it was 

considered important to determine whether a game could (i) help increase knowledge 

of requirements collection and analysis, (ii) was a preferable approach to some 

traditional teaching approaches and (iii) was equally effective in Further and Higher 

Education.  The research found that a GBL approach was just as effective at teaching 

requirements collection and analysis as a role-play intervention and more effective 

than a paper-based intervention.  The control and experimental groups significantly 

increased their knowledge at both HE and FE level, however the GBL approach to 

teach requirements collection and analysis may be more suitable to HE than FE level.  

The knowledge results were analysed initially with six original knowledge questions 

and then with 13 knowledge questions.  The results with the original 6 questions 

showed that HE students had a higher level of knowledge than FE students in the pre-

test and a higher level of knowledge than FE students in the post-test.  The results 

with the 13 questions indicated no significant difference in knowledge levels in the 

pre-test, however HE students had a significantly higher level of knowledge in the 

post-test.   

 

Despite a difference in the ranking of the technical aspects between FE and HE 

students, there was no significant difference found between the ratings of the technical 

aspects of the game between FE and HE participants.  The technical aspects were: 

navigation inside the environment, graphics, realism of the environment, realism of 

the characters in the environment, help and scaffolding, clear goal structure, narrative 

and dialog, character customisation and collaboration.  This indicates that the 

technical aspects of the game did not aversely affect the learning results.          

 

The research found that the game did not meet the expectations of FE learners to as 

great an extent as HE learners.  The game met HE learner expectations with regards to 
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six technical aspects which were: graphics, narrative and dialog, help and scaffolding, 

character customisation, realism of the environment, control mechanism and interface.  

The game did not meet the expectations of the HE learners with regards to sound, 

navigation inside the environment, realism of the characters inside the environment, 

clear goal structure and collaboration.   

 

The game met FE expectations with regards to three technical aspects which were 

graphics, help and scaffolding facilities.  The game did not meet FE learners’ 

expectations with regards to: sound, narrative and dialog, realism of the environment, 

realism of the characters in the environment, character customisation, navigation 

inside the environment, control mechanism and interface and collaboration.   

 

The role-play activity met the expectations of FE students in all of the categories but 

did not meet any of the expectations of any of the categories in HE.  This is possibly 

because role-play is a better known technique at FE level and GBL is a newer more 

novel technique.  The differences in expectations could not be explained by a 

difference of age or any significant difference in expectation levels in the pre-test 

between the two groups.  

 

In terms of perceptions HE students were more accepting of the game.  They were 

more willing to play the game over time, play the game as part of a computing course 

and found the game more engaging.  HE students also expressed a greater desire to 

play the game again and felt that the game could be used in its anticipated domain in 

the future.  HE students were less distracted while playing the game and believed that 

future development of the game could potentially help people of their demographic 

more.  

 

Both groups believed that the game fitted well into its intended context, that the 

advice quality in the game was acceptable and that the game was complex.  They also 

believed that the realism of the game was adequate and that generally, the game did 

not require increased or decreased realism to improve it and that future development 

of the game could potentially help them.  
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In conclusion the studies showed that a GBL approach can be used to teach software 

engineering concepts at a supplementary level in tertiary education.  The approach 

seems to be more suited to HE learners in terms of knowledge acquisition, technical 

aspects and perceptions as opposed to FE learners.  Despite the fact that the game did 

not meet the expectations of FE learners and was perceived slightly more negatively, 

the game proved to be just as effective as the role-play in providing a supplementary 

learning experience at FE level.  One possible explanation for this difference in 

perceptions and expectations is that the HE students appeared to be more mature in 

terms of their learning ability. 

 

The evaluations contributed in this doctoral thesis have been preliminary, voluntary, 

primarily quantitative evaluations.  They have shown that GBL can be just as 

effective as a role-play technique in teaching requirements collection and analysis.  In 

order to appropriately assess whether the RCAG can be used ‘effectively’ in an 

organisation or institution requires a deeper more, substantial experience.  An 

appropriate future research direction would be incorporating the RCAG into a course 

or module and taking a greater account of qualitative research including: 

organisational, psychological and soft school factors.   

9.2.5 Generalisability  

This research has shown that a game can be just as effective as role-playing and more 

effective than paper-based case studies at teaching requirements collection and 

analysis concepts in tertiary education.  Hays (2005), however, raises two issues about 

the generalisability of GBL: although games can be effective for learning for different 

tasks, this does not inform us whether to use a game to teach a specific instructional 

task and that we should not generalise on the effectiveness of one game for a group of 

learners for a particular task to all games for all learners for all tasks.  Generalisability 

is an issue of great concern for the future of GBL as it is impossible to take one game 

and apply it to one area and then proceed to make generalisations.   

9.2.6 Cost-Factor Tradeoff 

As the research has shown that role-play and the game are just as effective at teaching 

a subject with no one approach significantly outdoing the other, it is therefore 

appropriate to take one important tradeoff consideration into account.  Games are very 
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expensive to develop requiring a team of developers and experts to produce a realistic 

environment with realistic content.   Role-playing exercises require careful planning 

and a subject expert to appropriately incorporate content and properly assess the 

outcomes.  While role-playing may require preparation, in comparison with 

developing a GBL environment, it is relatively inexpensive.  There is a cost/instructor 

effort tradeoff in relation to the amount of learners being taught.  While GBL may be 

expensive to develop, if hypothetically a large group of learners were using the game 

such as 1,000 learners for an online course, then this would reduce the instructor 

effort and expense as the game is a closed formal system.  If there are a small group of 

learners then the role-play is relatively inexpensive and would not require too much 

instructor effort.  Sharp and Hall (2000) provide an example of a large group of 

learners being taught by a game in the literature in the case of software engineering.  

While the game utilised may have been expensive to produce, providing a role-play 

activity for 354 distance learners would be both expensive and instructor intensive.       

9.3 Contribution to Knowledge 

This section will highlight and discuss the original contributions to knowledge 

presented in this thesis.  This thesis has made a significant contribution to knowledge 

in three areas: firstly, the thesis has provided insight into game playing habits and 

motivations for playing computer games of HE students, secondly the thesis has 

produced the starting point of a new evaluation framework for GBL and thirdly has 

provided important empirical evidence on the application of GBL in comparison with 

traditional teaching approaches in tertiary education.   

9.3.1 Game Playing Habits and Motivations for Playing Computer Games  

This thesis has provided important empirical evidence and insight into the game 

playing habits of university students.  It has also provided insights into motivations 

for playing computer games in a general context, over a prolonged period of time and 

in an educational context.  This has provided important theoretical information and 

has contributed to increasing understanding of the use of GBL in HE.  This has also 

provided a practical contribution to knowledge in the sense that it provides evidence 

of the most important motivations that should be incorporated into a GBL application 

at tertiary level to assist in prolonged participation.  As these surveys have taken place 
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over a four year period with approximately 2,000 participants, the thesis has made a 

contribution to knowledge in the sense that it has provided a starting point for a 

longitudinal study.  Very few longitudinal research studies in the GBL literature exist, 

and they are required if GBL is to become a recognised and supported mode of 

instruction.        

9.3.2 Evaluation Framework for GBL 

As well as providing important empirical insights into motivations for playing 

computer games, this thesis has also developed a practical tool for researchers to 

perform GBL evaluations.  The evaluation framework can be used by researchers to 

generate ideas about what they want to evaluate, refine exactly what they want to 

evaluate and focus the evaluation on important or required aspects.  The evaluation 

framework is adaptable and highly extensible in terms of future research.  It also 

provides theoretical insights into what has been specifically studied in the literature 

previously.  The evaluation framework has made an important original contribution to 

knowledge by providing a mechanism to assist in making GBL evaluations more 

rigorous and planned.      

9.3.3 Empirical Evidence on the Application of GBL  

This thesis has also contributed an empirical study comparing a GBL approach to 

traditional approaches including role-play and paper-based case studies.  The 

empirical study has been carried out at tertiary education level and has compared HE 

and FE students.  The study has contributed valuable insights and provided 

preliminary empirical evidence of the use of GBL at tertiary education level to teach 

requirements collection and analysis.  The research found that a GBL approach is just 

as effective for learning as a role-play exercise and is more effective than a paper-

based exercise.  The results showed that in some ways the game is more effective at 

helping the students to identify more user and system requirements and also allows 

the learner to identify more requirements that exhibit conflict or ambiguity, allowing 

them to generate additional questions.   

 

The results also indicated that the RCAG may be more suitable to HE learning than 

FE, despite the fact that the FE students did experience an increase in knowledge.  

The aspect ratings were generally more negative with the FE than the HE groups.  HE 
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students were generally more accepting of the game.  They were more willing to play 

the game over time, play the game as part of a computing course and found the game 

more engaging.  HE students also expressed a greater desire to play the game again 

and felt that the game could be used in its anticipated domain in the future.  HE 

students were less distracted while playing the game and believed that future 

development of the RCAG could potentially help them and HE learners. 

9.4 Future Research Directions 

There are a number of areas of future research that have been identified during this 

project.  Six areas of future research will be discussed.  These areas are: extension of 

longitudinal study, future development and validation of the evaluation framework, 

evaluation of the RCAG in different disciplines, contexts and cultures, evaluation of 

the RCAG in comparison with different traditional teaching approaches and 

evaluation of the RCAG multi-player functions and future development of the game.           

9.4.1 Extension of Longitudinal Study 

During the course of the project a large amount of data has been collected on the 

acceptability of computer games for learning in HE, game playing habits, motivations 

for playing computer games in general and motivations for playing computer games 

in an HE context, and attitudes towards computer games (study one, two and three).  

This data collection has occurred over a four year period at three separate data 

collection points.  This project has contributed to providing the starting point of a 

longitudinal study.  As there is a distinct lack of longitudinal studies in the GBL 

literature, extension of this study would be a highly interesting future research 

direction.  For example, extending the data collection to include different institutions 

at HE and FE level. 

9.4.2 Future Development and Validation of the Evaluation Framework 

While the evaluation framework developed in this project was deemed acceptable to 

focus the evaluation of the RCAG, it is viewed as a starting point.  The evaluation 

framework is extensible and adaptable to encompass future measurements that are 

encountered in the literature.  The evaluation framework could be further refined 

indefinitely.  The evaluation framework has been used to evaluate the RCAG where 
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the evaluation particularly focused on pedagogy (Hainey, Connolly and Boyle, 2009) 

and an Alternate Reality Game where the evaluation particularly focused on 

motivations (Hainey et al., 2009).  The evaluation framework will become more 

refined and validated by the applied evaluation of other GBL environments in 

different disciplines and focusing on different categories and constituent attributes.          

9.4.3 Evaluation of the RCAG in Different Disciplines, Contexts and Cultures 

This project has evaluated the RCAG in a tertiary education context.  Due to the 

customisability of the RCAG it is possible to adapt the game to any number of 

disciplines and there has already been interest expressed to adapt the game for Social 

Science, Marketing and Project Management.  The RCAG is an excellent platform for 

exploring whether a computer game can be used across different disciplines for 

learning with equal effect or whether it is suited better to particular disciplines.  

Equally the RCAG can be adapted to different contexts, for example industry, primary 

and secondary education. 

 

The RCAG could also be adapted to different languages and cultures to ascertain 

suitability.  In the context of tertiary education, different difficulty levels of the 

RCAG can be explored to see for example if easy, medium or hard difficulty settings 

are more suitable to HE or FE students.  Also in this project the RCAG was evaluated 

in a strictly voluntary basis and as a result was not incorporated into an instructional 

course or lecture series.  Incorporation of the RCAG into a formal course structure to 

evaluate effectiveness would also be a highly interesting future research direction.  A 

future evaluation with the game incorporated into a course or industry could 

potentially have far more emphasis on qualitative research taking into account 

organisational and psychological, human factors to gain a deeper more substantial 

experience.                  

9.4.4 Evaluation of the RCAG in Comparison with Different Traditional Teaching 

Approaches  

This project has compared the RCAG with a paper-based approach and a role-play 

approach, however there are a number of other approaches to teach software 

engineering concepts that can be explored.  The RCAG could be compared a number 

of traditional teaching approaches including: live-through case histories, multimedia 
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applications, lectures, videos and group simulations aided by interactive presentations 

as a future research direction.  As in the previous future research direction, the RCAG 

does not have to be limited to the software engineering discipline and can be 

compared to traditional teaching approaches including role-play and paper-based case 

studies in other disciplines.   

9.4.5 Evaluation of the RCAG Multi-Player Functions 

This project evaluated the single player functionality of the RCAG, however, the 

multi-player functionality can still be evaluated in terms of whether it enhances the 

learning experience for the participants and contributes to increased knowledge 

acquisition.  To facilitate better game play the communications subsystem would have 

to be further developed to allow better communication between the players. 

9.4.6 Future Development of the RCAG 

This project has focused on the analyst role in the RCAG.  There are a number of 

other roles that can be the subject of future research that are associated with different 

areas of the software development lifecycle.  These roles include: the Project 

Manager, the Designer, the Team Leader and the Facilitator.  Some of these roles 

have been implemented to some degree, however, anyone of them could be subject to 

further development, implementation and evaluation.  Additional roles could also be 

added to the RCAG such as programmer, software tester etc.  In general, the RCAG 

can be further development to implement a larger game environment in an attempt to 

facilitate better curiosity and exploration in the game.   
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Appendix 2 Summary Information Instruction Screen for the Game 

Requirements Collection and Analysis 

Game 

  

The game is about .... 

Teaching the process of requirements collection and analysis, which is the first stage 

of the database application lifecycle.  The purpose of the game is to simulate the 

gathering of requirements in an organisation.  The requirements are gathered by 

exploring the environment and asking particular questions to Non Playable Characters 

(NPCs) and interacting with objects.  The game at the current stage is a prototype and 

the purpose of this evaluation is to determine how it can be improved.            

This is how you play the game .... 

When the game initially starts you will be placed in the Project Managers office as 

seen in Figure 1.  Navigation in the game is controlled by the use of the mouse.  

Simply click on the area of the screen that you wish your player to end up or click on 

the character or the object that you wish to start a dialogue with.  You can use the 

mouse scroll button to zoom in and out in the game area. 
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Figure 1:  The start of the game in the Project Managers office 

  

Conversation 

The conversation is located at the bottom left hand corner of the screen.  It holds 

every piece of dialog that you have in the game and you have the ability to scroll back 

and forth to locate previous conversations with different NPCs.  Questions appear in 

the dialog highlighted in blue, To Do items appear in red and Requirements appear in 

green.  For example:  

Question = Where should I start?  

To Do = Speak to the Director 

Requirement = Store a number of property records 

 

 

Questions, To Do items and Requirements are referred to as tags.  Once you select a 

tag in the dialog then it will be placed in your Knowledge under the appropriate 

category. 
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Knowledge 

Your knowledge is located at the bottom right hand corner of the screen.  The To Do 

tab contains all of the instructions that you have collected to be carried out.  The 

requirements contains all of the requirements you have collected and groups them into 

user requirements or technical requirements (system requirements).  The 

requirements tab contains three buttons:  Clarify, Conflict and Submit.  The Clarify 

and Conflict buttons are used to generate new questions.  This is done by selecting the 

check points beside the two requirements that need clarification or are in conflict and 

selecting the Clarify or Conflict button.  When these generated questions are correct 

and are asked to certain NPCs in the game, then this will lead to the correct 

requirement being produced.  Each requirement has a small recycle bin icon located 

next to it as well as a check box.  When the recycle bin is clicked then the requirement 

will disappear from the requirements list.  Each correct requirement has a positive 

score associated with it and each incorrect requirement has a negative score associated 

with it.   The submit button is used when the player is satisfied that all relevant 

requirements are in the list.  The submit button submits the requirements specification 

to the Project Manager, ends the game and generates a score.  The questions are used 

to generate new dialog when talking to NPCs i.e. when the player is in a conversation 

with a character in the game they ask questions by clicking on the appropriate 

question in the questions tab.  The game tracks all of the questions asked and will 

deduct marks if a question is posed to a game character too many times.       
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Email 

The Email is located at the top right hand side of the screen.  At the present moment 

in time the only functionality it provides in a single player capacity is to receive an 

email from the project manager called Proj M.  Proj M is opened by selecting the text 

"Proj M".  This will generate two starting questions, that when clicked, will go into 

your knowledge in the question tab.  Clicking on the orange text clients office address 

will start the game and the main office space displayed in Figure 2 will be 

displayed.      

Figure 2:  The main office space 

There are two types of requirements ... 

In the game at present there are two different types of requirement:   

User Requirements - (requirements of a high level of abstraction) Defined as 

“statements, in a natural language  of what services the system is expected to provide 

and the constraints under which it must operate.”  An example of a user requirement 

is:  "As Regional Manager I must have access to reports detailing what the 

jurisdictions of my area managers are." 
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System Requirements or Technical Requirements  - (requirements of a highly 

detailed nature describing what the system should do) Defined as “set out the system’s 

functions, services and operational constraints in detail."  An example of a system 

requirement is:  "There are approximately 400,000 leases across all branches.  There 

are an average of 4000 and a maximum of 10,000 leases at a branch." 

The games does not currently ask you to distinguish between the two different 

requirements, however when the requirements are discovered it automatically 

categorizes them in user requirements and technical requirements automatically.  

It should be noted that requirements may conflict, be incomplete and need 

clarification entailing the generation of additional questions. 

Good Luck! 
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Appendix 3 RCA Role-Play Case Study Instructions 

The role-play case-study is about... 

Teaching the process of requirements collection and analysis, this is the first stage of 

the database application lifecycle.  The purpose of the case-study is to simulate the 

gathering of requirements in an organisation.  The requirements are gathered by 

exploring answers that are unlocked by asking particular questions to different 

characters within the organisation.  There is a pre-designated list of questions that you 

can ask to the different characters in the organisation.  In addition you can also ask 

any questions that you like.   

There are 4 characters being simulated in the organisation:   The director, the 

manager, the supervisor and the assistant.     

 

There are two types of requirements... 

User Requirements - (requirements of a high level of abstraction) Defined as 

“statements, in a natural language of what services the system is expected to provide 

and the constraints under which it must operate.”  An example of a user requirement 

is:  "As Regional Manager I must have access to reports detailing what the 

jurisdictions of my area managers are." 

System Requirements or Technical Requirements - (requirements of a highly 

detailed nature describing what the system should do) Defined as “set out the system’s 

functions, services and operational constraints in detail."  An example of a system 

requirement is:  "There are approximately 400,000 leases across all branches.  There 

is an average of 4000 and a maximum of 10,000 leases at a branch." 

 

When a requirement is discovered in the role-play please write it down.  

 

It should be noted that requirements may conflict, be incomplete and need 

clarification entailing the generation of additional questions.  Please write down 

additional questions generated or required.   

Good Luck! 
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OVERVIEW 

This is the Dream Home role-play case-study to simulate how to establish a database 

project.  You will be expected to ask questions to identify the requirements that will 

be used to produce the documentation required in the early stages of the database 

development lifecycle namely: database planning, system definition and requirements 

collection and analysis.   

 

Suggested Questions are:   

What is your job description?   

What is the purpose of your company? 

Why do you feel you need a database? 

How do you know that a database will solve your problem? 

What role do you play for the company? 

What kinds of tasks do you perform in a typical day? 

What kinds of data do you work with? 

What types of reports do you use? 

What types of things do you need to keep track of? 

What service does your company provide to your customers? 

How do you think I should proceed? 
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Appendix 4 RCA Role-Play Case Study Script 

DIRECTOR SCRIPT 

ANALYST: What is your job description?   

DIRECTOR: I'm the Director of Dream Home. 

ANALYST: What is the purpose of your company? 

DIRECTOR: We offer a wide range of high quality properties for rent to clients 

registered at our branches throughout the UK. Therefore any database system must 

store a number of property records.  The database must store 100,000 property 

records.  Our ability to offer quality properties, of course, depends upon the services 

we provide to property owners.  We provide a highly professional service to property 

owners to ensure that properties are rented out for maximum return.  As director I 

require reports on staff.  As director I require reports detailing how many staff 

members are present at each branch of the company. 

ANALYST:  Why do you feel you need a database? 

DIRECTOR: To be honest we can't cope with our own success.  Over the past few 

years we've opened several branches in most of the main cities of the UK, and at each 

branch we now offer a larger selection of properties to a growing number of clients.  

However, this success has been accompanied with increasing data management 

problems, which means that the level of operation and sharing of information between 

branches, which is a very worrying development. 

ANALYST:  How do you know that a database will solve your problem? 

DIRECTOR: All I know is that we a drowning in paperwork.  We need something 

that will speed up the way we work by automating a lot of day to day tasks that seem 

to take forever these days.  Also I want the branches to start working together.  

Databases will help to achieve this won't they? 

ANALYST: What role do you play for the company? 

DIRECTOR: I oversee the running of the company to ensure that we continue to 

provide the best possible rental service to our clients and property owners 

ANALYST: What kinds of tasks do you perform in a typical day? 

DIRECTOR: I monitor the running of each branch by our Managers.  I try to ensure 

that the branches work well together and share important information about properties 
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and clients.  I normally try to keep a high profile with my branch Managers, by calling 

into each branch at least once or twice a month. 

ANALYST: What kinds of data do you work with? 

DIRECTOR: I need to see everything, well at least a summary of the data used or 

generated by DreamHome. That includes data about staff at all branches.  The 

database must store 100,000 property records.  An example of the staff listing report 

should be available on the office PC.  Open Staff_Listing_Report.doc all, properties 

and their owners, all clients, and all leases. I also like to keep an eye on the extent to 

which branches advertise properties in newspapers.  In terms of the new system and 

client access.  Clients should be able to browse available properties but have not other 

access.  The database, must store 60,000 property owner records. 

ANALYST: What types of reports do you use? 

DIRECTOR: I need to know what's going on at all the branches and there's lots of 

them.  I spend a lot of my working day going over long reports on all aspects of 

DreamHome.  I need reports that are easy to access and let me get a good overview of 

what’s happening at a given branch and across all branches.  I need summary reports 

on profit.  I have to organise re-placement staff from other branches depending on 

sickness therefore it is probably beneficial to have access to staff records to check 

availability in the overall company. 

ANALYST: What types of things do you need to keep track of? 

DIRECTOR: As I said before I need to have an overview of everything.  I need to 

see the whole picture. 

ANALYST:  What service does your company provide to your customers? 

DIRECTOR:  We try to provide the best property rental service in the UK. 

ANALYST: How do you think I should proceed? 

DIRECTOR: I think talking to the Manager.  Speak with the office manager and 

asking what tasks (What kind of tasks do you perform in a typical day?) she performs, 

what data (What kinds of data do you work with?) she works with, what reports 

(What types of reports do you use?) she uses, what things (What types of things do 

you need to keep track of?) she has to keep track of and also what services (What 

services does your company provide to your customers?) she believes the company 

can provide for customers and backup (When should the database backup contents?) 
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MANAGER SCRIPT  

ANALYST: What is your job description? 

MANAGER: My job title is Manager.  I oversee the day-to-day running of my 

branch to provide the best property rental service to our clients and property owners. 

ANALYST: What kinds of tasks do you perform in a typical day? 

MANAGER:  I ensure that the branch has the appropriate number and type of staff 

on duty at all times. I have to organise replacement staff.  I have to organise 

replacement staff from other branches depending on sickness therefore it is beneficial 

to have access to staff records to check availability in the event of sickness or leave.  I 

monitor the registering of new properties and new clients, and the renting activity of 

our currently active clients.  It's my responsibility to ensure that we have the right 

number and type of properties available to offer our clients.  I sometimes get involved 

in negotiating leases for our top-of-the-range properties, although due to my workload 

I often have to delegate this task to supervisors. 

ANALYST: What kinds of data do you work with? 

MANAGER: I mostly work with data on the properties offered at my branch and the 

owners, clients and leases.  I also need to know when properties are proving difficult 

to rent out so that I can arrange for them to be advertised in newspapers.  I need to 

keep an eye on this aspect of the business because advertising can get costly.  I also 

need access to data about staff working at my branch and staff at other local branches.  

This is because I sometimes need to contact other branches to arrange management 

meetings or to borrow staff from other branches on a temporary basis to cover staff 

shortages due to sickness or during holiday periods.  This borrowing of staff between 

local branches is informal and thankfully doesn't happen very often.  Besides data on 

staff, it would be helpful to see other types of data at other branches such as data on 

property, property owners, clients, and leases, you know, to compare notes.  Actually 

I think the director hopes that this database project is going to help promote 

cooperation and sharing of information between branches.  However, some of the 

Managers I know are not going to be too keen on this because they think we are in 

competition with each other.  Part of the problem is that a percentage of a Manager's 

salary is made up of a bonus, which is related to the number of properties we rent out.     
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ANALYST: What types of reports do you use? 

MANAGER: I need various reports on staff, property owners, clients, and leases.  I 

need to know at a glance which properties we need to lease out and what clients are 

looking for. 

ANALYST: What types of things do you need to keep track of? 

MANAGER: I need to keep track of staff salaries.  I need to know how well the 

properties on our books are being rented out and when leases are coming up for 

renewal.  I also need to keep an eye on our expenditure on advertising in newspapers.  

Therefore the database should store advertising data. The database must store 50,000 

newspaper advertising records.  

ANALYST: What service does your company provide to your customers? 

MANAGER: Remember we have two types of customer that is the clients wanting to 

rent property and the property owners.  Therefore the database must hold property 

owner records.  The database must store 60,000 property owner records.  We need to 

make sure that our clients find the property they're looking for quickly without too 

much legwork and at a reasonable rent and, of course, that our property owners see 

good returns from renting out the properties with minimal hassle. 

ANALYST: How do you think I should proceed? 

MANAGER: It's probably a good idea to proceed down the hierarchy so interviewing 

a supervisor.  Speaking with the supervisor would probably be advisable.  Also ask 

what access privileges (What access rights should a supervisor have?) a supervisor 

should have.  

ANALYST: What access rights should a supervisor have? 

MANAGER: A supervisor should have no access.  Supervisors should have no 

access to staff records. 

ANALYST: When should the database backup contents? 

MANAGER: The database should backup everyday at 12 midnight. 

 

SUPERVISOR SCRIPT  

ANALYST: What is your job description? 
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SUPERVISOR: My job title is supervisor.  I spend most of my time in the office 

dealing directly with our customers that is clients wanting to rent property and 

property owners.  I'm also responsible for a small group of staff called Assistants and 

making sure that they are kept busy, but that's not a problem as there is always plenty 

to do, it's never ending actually. 

ANALYST: What kinds of tasks do you perform in a typical day? 

SUPERVISOR: I normally start the day by allocating staff to particular duties, such 

as dealing with clients or property owners, organizing for clients to view properties. 

The database would have to store information on client viewings.  The database must 

store 4 million viewing records and information on the filing of paperwork.  When a 

client finds a suitable property, I process the drawing up of a lease, although the 

Manager must see the documentation before any signatures are requested.  I keep 

client details up to date and register new clients when they want to join the Company.  

When a new property is registered, The Manager allocates responsibility for 

managing that property to me or one of the other Supervisors or Assistants. 

ANALYST: What kinds of data do you work with? 

SUPERVISOR: I work with data about staff at my branch, property, property 

owners, clients, property viewings, and leases. 

ANALYST: What types of reports do you use? 

SUPERVISOR: Reports on staff and properties for rent. I also like to keep track of 

assistant projects.  As Supervisor I need to be able to check what projects the 

assistants are currently assigned to. 

ANALYST: What types of things do you need to keep track of? 

SUPERVISOR: I need to know what properties are available for rent and when 

currently active leases are due to expire, in that any database system would have to 

store lease information.  The database must store 400,000 leasing records.  I also need 

to know what clients are looking for.  I need to keep our Manager up to date with any 

properties that are proving difficult to rent out. 

ANALYST: How do you think I should proceed? 

SUPERVISOR: I believe that interviewing an assistant (Speak with the assistant) 

would be the next, best course of action. 

ANALYST: What access rights should a supervisor have? 
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SUPERVISOR: I think that we should be able to access all staff records.  Supervisors 

should have access to all staff records including managers.  

ANALYST: When should the database backup contents? 

SUPERVISOR: The database should backup once a week. 

 

ASSISTANT SCRIPT 

ANALYST:  What is your job description? 

ASSISTANT: My job title is Assistant.  I deal directly with our clients.  I think that 

the database will have to hold information on clients I have to organize replacement 

staff from other branches depending on sickness and leave therefore it is probably 

beneficial to have access to staff records to check availability.   

ANALYST: What kinds of tasks do you perform in a typical day? 

ASSISTANT: I answer general queries from clients about properties for rent. You 

know what I mean: 'Do you have such and such type of property in a particular area of 

Glasgow?' I also register new clients, there should be an example of the client 

registration form on the computer (Open Client_Registration_Report.doc) and arrange 

for clients to view properties. As an assistant I have to match properties with client 

criteria which could be summarized in a report.  As an assistant I work closely with 

the clients and should receive daily reports on what particular properties are available 

based on a client’s criteria, I suppose. When we're not too busy I file paperwork but I 

hate this part of the job, it's just so boring. 

ANALYST:  What kinds of data do you work with? 

ASSISTANT: I work with data on property and property viewings by clients and 

sometimes leases.  

ANALYST: What types of reports do you have to use? 

ASSISTANT: List of properties available for rent.  These lists are updated every 

week. 

ANALYST:  What types of things do you need to keep track of? 

ASSISTANT: Whether certain properties are available for renting out and which 

clients are still actively looking for property. 

ANALYST:  What services does your company provide to your customers? 
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ASSISTANT:  We try to answer questions about properties available for rent such as 

'Do you have a 2-bedroom flat in Hyndland, Glasgow?' and ‘What should I expect to 

pay for a 1-bedroom flat in the city centre?' 

ANALYST: When should the database backup contents? 

ASSISTANT: The database system should back up once a month.   

 

COMPUTER SCRIPT 

COMPUTER: Opening the Staff Listing Report reveals that the report displays 

particular data (Staff Listing Report contains BranchNo, Address, TelephoneNo, 

StaffName).   

COMPUTER: Opening the Client Registration Report reveals that the report displays 

particular data (Client Registration Report contains ClientNo, FullName, BranchNo). 
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Appendix 5 Game Evaluation Pre-Test Questionnaire 
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Appendix 6 Game Evaluation Post-Test Questionnaire  
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Appendix 7 Role-Play Pre-Test Questionnaire 
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Appendix 8 Role-Play Post-Test Questionnaire  
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Appendix 9 Literature Review Tables  

Appendix 9.1: Games-based learning empirical evidence in computing science/software engineering/information systems 

Authors Area Evaluation 
Connolly and Stansfield (2007) Requirements Analysis No evaluation 

Shaw and Dermoudy (2005) 
Project management of software 
development process 

Small quantitative evaluation (n = 11). 

Wang (2005) 
“Cyber War” – a multi-step cyber 
attack or cyber defense protection

No evaluation 

Chua (2005) Knowledge management 
Pre-post test (n = 32); small increase in 
knowledge, skills and attitude. 

Veronese, Barros and Werner (2005) 

Framework to support the 
development of educational 
games based on simulation 
models 

No evaluation 

Waraich (2004) 
Teach binary arithmetic and logic 
gates 

Quantitative; pre/post testing (n = 15 control 
group, n = 22 experimental group).  
Showed improved performance using games 
approach. 

Ford and Minsker (2003) 

Tree traversal techniques and 

iterative and recursive traversal 

algorithms. 
No evaluation 

Martin (2000) 
Information Systems 
Development 

No evaluation 

Open Software Solutions   

Sharp and Hall (2000) Interactive multimedia simulation First run: MUMMS usability analysis (n = 31) 
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of a software house Open 
Software Solutions (OSS) 

Second run: questionnaire (n = 354; 36% 
response).  Only 7% thought software useful. 

KM Quest   

Leemkuil, de Jong, de Hoog and Christoph (2003) 
Knowledge management (KM 
QUEST) 

Evaluated usability, behaviour of players/models 
and acceptability (n = 41: 18 managers and 23 
students). However, no statistics provided. 

Leemkuil and de Hoog (2005)  

Investigation of effectiveness of 
several learning support tools in 
gaming environment (KM 
QUEST) 

Pre-post test analysis (n = 29).  
Tested importance of advice (n = 15 with advice, n 
= 14 without advice) rather than any increase in 
learning brought about by game.  The players 
appreciated the advice functionality, however the 
effectiveness of the advice was low.   

The Incredible Manager   
Dantas, Barros and Werner (2005) Software Project Management Small qualitative evaluation (n = 24) 
Dantas, Barros and Werner (2004) Software Project Management Small (5 questions) survey (n = 15) 

SimSE   

Birkhölzer, Oh Navarro and Van der Hoek (2005)
Proposal for students to build a 
new software process simulation 
model using SimSE 

No evaluation 

Oh Navarro and Van der Hoek (2005a) 
Describes the different constructs 
in a SimSE process model 

No evaluation 

Oh Navarro and Van der Hoek (2005b)  Small (8 questions) questionnaire (n = 29) 

Oh Navarro and Van der Hoek (2004) 
Describes SimSE, which 
simulates software engineering 
processes 

No evaluation 

Oh Navarro, Baker and Van der Hoek (2003)  No evaluation 

Oh and Van der Hoek (2001a) 
Discusses basis for economic 
cost model for software 
engineering 

No evaluation 
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Oh and Van der Hoek (2001b) Proposal to develop SimSE No evaluation 
Oh (2001) Proposal to develop SimSE No evaluation 

SimVBSE   

Jain and Boehm (2006) 
 

Describes the theory behind and 
the constructs of SimVBSE  

No evaluation 

RPG-SE   

Zhu, Wang and Tan (2007) 
 

Describes the environment of 
RPG-SE within Second Life 

No evaluation 

Anti-Phishing Phil   

Sheng et al. (2007) 
Describes the development and 
evaluation of Anti-Phishing Phil 
– Anti-Phishing techniques  

Evaluation with 3 groups (n = 14 in all 
conditions).  Existing materials group, tutorial 
group and game group. The game group produced 
greater scores. 
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Appendix 9.2 Identified empirical papers 

 Study  Game/Area Measurement(s) 

1 Adamo - Villani and Wright (2007) Game: SMILE, Area: Science 
and Mathematics 

Engagement, measurement of fun based of three levels 
(expectation, engagement and durability). 
Environment usability.  Measurement of key usability 
factors such as learning time, time to complete a task, 
number of errors while completing a task and 
completion or non-completion of a task.  User task 
scenarios ranking and rating.    

2 Baker, Hadgood, Ainsworth and Corbett 
(2007) 

Game: Zombie Division, Area: 
Mathematics 

Fluency over time, students’ change in percentage 
correct over time for specific mathematical skills, 
students’ change in speed at exercising a skill over 
time.  Students’ mathematics learning in an intrinsic 
condition, with game play factored out.  

3 Beale, Kato, Marin-Bowling, Guthrie 
and Cole (2007) 

Game: Re-Mission, Area: 
Cancer related knowledge  

Factors associated with knowledge growth by exposure 
to the environment.  Group comparisons at baseline, 
Characteristics of participants at baseline, whether the 
change of knowledge scores in the baseline and long 
term follow up group (LTFU) is predictable from age, 
gender, hours of play, different missions played, 
previous gaming experience.   

4 Blasi and  Alfonso (2006) Game: The Virtual Lab, Area: 
K-12 education 

Environment usability.  
 

5 Bos and Sadat Shami (2006) Game: Island Telecom Game, 
Area: Globalisation and 
Corporate Responsibility 

Overall opinion of the game, ability to play the game, 
measurement of participant perceptions in relation to 
specific items on public opinion, automated newspaper 
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editorials, and structured team discussions.  Evaluating 
online play in terms of it being interesting and 
engaging, whether the game was better to play in class 
or on-line, whether players liked having more time to 
think about decisions when playing online, whether 
players were eager to see a change in the game from 
the last time they logged on. 

6 Chamberlin (2003) Game: Children’s website Food 
Detectives Fight Back, Area: 
Food Safety 
 

Knowledge acquisition.  Preferences in game play 
focusing on: engaging activity, challenge, interface use, 
environment and character, control, variety, familiarity, 
and feedback.   

7 Chang, Lee, Ng and Moon (2003) Games: Deal and Business 
Strategy Game, Area: Business 

Whether the game links the course to reality.  Whether 
the game minimises student frustration, ease of use, 
and flexibility of the game. 

8 Christoph, Sandberg and Wielinga 
(2003) 

Game: KMQuest, Area: 
Knowledge Management  
 

Procedural, declarative, general knowledge acquisition 
and metacognitive strategy formation. 

9 Christoph (2007) Game: KMQuest, Area: 
Knowledge Management  
 

Procedural, declarative, general knowledge acquisition 
and metacognitive strategy formation.  Comparison of 
metacognitive strategy formation and formation of 
procedural, declarative and general knowledge. 

10 Chua (2005) Game: Chief Knowledge 
Officer, Area Knowledge 
Management 

Knowledge, skills and attitude acquisition to the 
subject matter. 

11 Coles, Strickland, Padgett and Bellmoff 
(2007) 

Game: Fire World and Street 
Crossing World.  Area: Fire and 
street safety for children with 
fetal alcohol syndrome 

Age, ability standard score, adaptive behaviour, 
comparison of correct responses for two groups on 
safety knowledge at three time points.  Mean difference 
scores for verbal responses by group before the game.   

12 Constantino-González and Suthers Environment: COLER Area: Expert knowledge of advice quality, student reactions 
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(2001) Entity Relationship Modelling to advice and contribution to knowledge sources.   
13 Connolly, Boyle and Hainey (2007) Games: Computer Games in 

General.  Area: Motivations in 
higher education 

Motivations using Malone and Lepper’s (1987) 
framework of intrinsic motivation.  Reasons and 
attitudes towards computer games in general.  General 
playing habits and preferred game types.   

14 Connolly, Boyle, Stansfield and Hainey 
(2006)  

Games: Computer Games in 
General.  Area: Motivations in 
higher education. 

Motivations using Malone and Lepper’s (1987) 
framework of intrinsic motivation.  Reasons and 
attitudes towards computer games in general.  General 
playing habits and preferred game types.   

15 Cowan (2007) Game: Energy Efficiency Game, 
Area: Architectural energy 
efficiency 

Knowledge acquisition. 

16 Dantas, Barros  and Werner (2005) Game: The Incredible Manager, 
Area: Project Management 
Experiential Learning 

General Demographics and thoughts of the educational 
quality of the game.   
 

17 Dantas, Barros  and Werner (2004) Game: The Incredible Manager, 
Area: Project Management 
Experiential Learning 

General knowledge gain, skill acquisition, skill 
increase, measurement of fun. 
 

18 Dede, Clarke, Ketelhut, Nelson and 
Bowman (2005) 

Game: River City, Area: Biology 
and Ecology 
 

Knowledge acquisition, thoughtfulness of inquiry (a 
measure of metacognitive awareness).  Interest in a 
scientific career and engagement in the game. 

19 Drake, Goldsmith and Strachan (2006) Game: Business Strategy Game: 
Area: Teaching teamwork in 
postgraduate study 

Mapping of particular team aspects to student 
comments:  conflict resolution, leadership, respect and 
tolerance for others, evolution of the team, clarity of 
focus, team performance. 

20 Dugdale, Pallamin and Pavard (2006) Environment: Virtual Training 
Environment: Fire fighter 
training 

Assessing and gauging virtual agent expressiveness.  
Assessing the contextual virtual environment in terms 
of decision -making support as found in the real world.  
Verification of indexicality to support agent 
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interaction.   
21 Ebner and Holzinger (2007) Game: Internal Force Master, 

Area: Civil Engineering 
education 

If the game leads to similar or equal learning results as 
traditional methods. 
If playing the game voluntarily feels similar to 
incidental learning. Disadvantages for learners. 

22 Fontana and Beckerman (2004) Game: Invasion of the Foozles, 
Area: Childhood violence 

Knowledge and attitudes about human behaviour 
including: feelings, anger, expression of feelings, 
acting mean, interpersonal conflict, responsibility and 
respect.  Knowledge and attitudes about conflict 
resolution including: anger management, friendship 
strategies, talking strategies, adult assistance strategies, 
thinking strategies and listening strategies. 

23 Frey, Hartig, Kretzel and Zinkermagel 
(2007) 

Game: Modification of Quake 3, 
Area: Psychological experiment 
in navigation 

Measures whether players can suitably navigate within 
the built test environment based on gaming experience. 

24 Garzotto (2007) Game: Pirates Treasure Hunt, 
Area: Other cultures way of life 
for school children 

Content (target/goal appropriateness, integration, 
scaffolding, extensibility, media matching). Enjoyment 
(clear goals, concentration, challenge, feedback, 
immersion).  Social Interaction (connection, 
cooperation re-mote cooperation (with distant peers), 
collated cooperation (shoulder to shoulder in school), 
competition). 

25 Goodman, Bradley, Paras, Williamson 
and Bizzochi (2006) 

Game: Symptom Shock, Area: 
Concussion Knowledge 

First study: effect on knowledge acquisition method, 
and game usability.  Second study: game instructions 
are changed to an interactive tutorial - alteration was 
assessed. 

26 Göttel (2007) Game: ProBoNo, Area: 
Navigational knowledge in a 
virtual environment 

Average task completion time between board game and 
virtual environment. 
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27 Größler, Maier and Milling (2000) Game: LEARN, Area: Business Knowledge test prior to contact with the environment, 
knowledge test after contact with the environment, 
knowledge test for experimental group, and 
effectiveness of transparency.  

28 Habgood (2007) Game: Zombie Division, Area: 
Mathematics 

Knowledge acquisition in relation to an intrinsic or 
extrinsic version of the game.  

29 Johansson and Kuller (2002) Game: TRAFFIC JAM, Area: 
Traffic safety 
 

Validation of background environment, validation of 
characters, players’ reactions to the first version of the 
game. 

30 Kato and Beale (2006) Game: Re-Mission, Area: 
Cancer related knowledge 
 

Willingness to play the game, level of interest in 
playing the game, what features make the game 
interesting, if the concept of the game is exciting, 
would the game be better if it were more or less 
realistic, what is the preferred setting to play the game, 
whether the game would help other people of the same 
age, whether the game would help them, whether they 
play games now, how good the participants are at 
playing games, and what is the preferred method of 
instruction. 

31 Ke (2006) Game: ASTRA EAGLE, Area: 
Mathematics 

Application of cooperative, competitive, and 
individualistic goal structures in the classroom.  Impact 
on performance and math learning attitudes including 
confidence, value, enjoyment, and motivation toward 
the subject area. 

32 Ke and Grabowski (2007) Game: ASTRA EAGLE, Area: 
Mathematics 

Performance and attitudes. 

33 Kelleher, Pausch and Kiesler (2007) Environment: Storytelling Alice, 
Area: Computer Programming 

Attitudes survey including ease of use, entertainment 
value, participants interest in future game use and 
participants interest in the subject area of Computer 
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Science.  Behavioural data by the use of logs and 
reflection sessions and average amount of time spent. 

34 Klopfer, Yoon and Rivas (2004)  
 

Game: Virus and Live Long and 
Prosper, Area: Science 
Education 

Participant usage and interest patterns in technologies 
and games, gender differences and interest patterns in 
technologies and games, motivation and engagement 
being student attitudes about computers and games in 
the classroom, students reactions to participatory 
simulations, students self assessments on learning, 
students reactions to palm and tag technologies. 

35 Komisarczuk and Welch (2007) 
 

Game: The Peering Game, Area: 
Internet Peering 
 

Each student group was asked to produce a report of 
2000-3000 words on: whether the decisions were 
correct or optimal, what they would change if they 
could go back in time, what are/were the consequences 
of the choices, whether a change in tactics would 
improve the team’s performance.     

36 Leemkuil, de Jong, de Hoog and 
Christoph (2003)  

Game: KMQuest, Area: 
Knowledge Management 
 

Usability of the environment, behaviour of players and 
models. Acceptability of the environment. 

37 Leemkuil and de Hoog (2005) Game: KMQuest, Area: 
Knowledge Management 

Implicit and explicit knowledge acquisition and the 
importance of advice within the game.   

38 Leemkuil (2005) Game: KMQuest, Area: 
Knowledge Management 

Implicit and explicit knowledge acquisition and the 
importance of advice within the game. 

39 Lainema and Nurmi (2006) Game: REALGAME, Area: 
Business 

Game ability to represent a holistic view of a company, 
how realistic uncertainty was in the game, complexity, 
fluency of the gaming, game feedback ability, level of 
realism in a game and the games correspondence to 
reality.    

40 Lainema and Makkonen (2003) Game: REALGAME, Area: 
Business 

Appropriateness of the length of time playing the 
game.  How easy it was to find information in the 
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game.  If the game gave enough feedback.  If the game 
was too complex.  How realistic uncertainty was in the 
game. Game process correspondence to reality.  How 
easy the game interface was to use.  The level of 
realism of the game.  The games ability to give 
feedback on decisions.  The fluency of gaming.  The 
enjoyability of playing the game.  The games ability to 
represent a holistic view of a company. 

41 Lennon (2006) Game: Malaria game, Area: 
Parasitic education. 

Questionnaire based on Thiagarajan's 7 point 
debriefing. 

42 Lim, Nonis and Hedberg (2006) Game: Quest Atlantis, Area: 
Water Cycle 

Engagement. 

43 Maguire, Elton, Osman and Nicolle 
(2006) 

Game: Fireworks, Party, 
Kitchen, Pairs, Cinema, Sort It 
Out! Spin, Snap.  Area: 
Teaching essential skills and use 
of information and 
communications technology. 

Usability with regards to the following criteria: “ability 
of the program to stimulate and maintain the interest of 
the student; ability of the student to navigate and 
complete the program successfully; flexibility of the 
program to support the individual student’s unique 
needs; types of errors made by the student in using the 
program; the time and effort needed by the student to 
complete the program; the student’s level of 
satisfaction having used the program.”  Questionnaire 
using a smiley scale specifically adapted for children. 

44 Motiwalla (2005) 
 

Mobile Learning System, Area: 
e-Learning experiment using an 
mLearning system. 
 

Learner satisfaction using an adapted survey 
instrument. 

45 Mayer, Bockstael-Blok and Valentin 
(2004) 

Game: Containers Adrift, Area, 
Area: Planning and design of 
infrastructures. 

Ability to drawing a visual representation, negotiating 
parameters, build and running a simulation model and 
assessing design performance.  This data was collected 
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through observation during the game, debriefing after 
each session, a questionnaire about the tool filled out 
by the participants shortly after the game and written 
evaluation assignments. 

46 Nelson (2007) 
 

Game: River City, Area: 21st 
century skills, scientific enquiry, 
hypothesis formation and 
experimental design conveyed 
by means of standard-based 
Ecology and Biology content. 

Knowledge acquisition in relation to guidance level (no 
guidance, moderate guidance or extensive guidance). 
 

47 Oh Navarro and Van der Hoek (2005b) Game: SimSE, Area: Software 
Development 

How enjoyable the games was, how difficult/easy the 
game was, what players thought about the 
reinforcement taught in class, does the game teach new 
process knowledge, does it teach SE processes in 
general and can it be incorporated into a software 
course either as an optional part or a mandatory part.   

48 Paiva et al, (2005) Game: FearNot!, Area Bullying 
education 

Preferences for cartoon or realistic characters, character 
attributes (voice believability, likability, conversational 
content (believable, not believable), conversation 
interest (interesting, boring) realism of characters (true 
to life or false).  Character movement (movement 
believability (believable to unbelievable), realism of 
movement (realistic to unrealistic), smoothness of 
movement (smooth or jerky), storyline (storyline 
believable or unbelievable), story length, character 
preference (character the player liked most and 
character the player liked least) Empathy towards 
characters. 

49 Paul, Messina and Hollis (2006) Game: PsychOUT!, Area: Games effectiveness, student reactions and self 
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General Psychology 
 

reported effectiveness, perceived value. 

50 Piper, O’Brien, Morris and Winograd 
(2002) 

Game: SIDES Shared 
Interfaces to Develop Effective 
Social Skills.  Area: 
Development of social skills for 
people with Asperger's 
Syndrome 

Usability and conversation analysis with the 
conversation being categorised as positive, aggressive 
and non-responsive. 

51 Quinn, Keogh, McDonald and Hussey 
(2003) 
 

Game: VR Environment, Area: 
Operative Dentistry 

How preferable a VR training environment was in 
comparison with traditional approaches in terms of: 
providing feedback, allowing self-paced learning, 
providing a more thorough understanding, allowing 
independent work and increasing confidence. 

52 Robertson and Oberlander (2002) Game: Ghostwriter, Area: 
Drama 

Level of social presence experienced by pupils.  
Frequency of pupils relationship (evidence that the 
role-players formed relationships with one another 
would suggest that they experienced social presence), 
personality (role-players' evaluation of the game 
characters; personalities were also assumed to be 
indicators of social presence) and mood statements 
(moods and attitudes the role-players expressed 
towards characters and events are assumed to indicate 
that the role-players experienced sufficient social 
presence to care about the characters).   

53 Roubidoux, Chapman and Piontek 
(2002) 

Game: Breast Cancer Detective, 
Area: Medical Education 

Acceptability evaluation focusing on the game in its 
first and final versions.   

54 Rosas et al, (2003) Game: Prototype games on a 
Gameboy platform, Areas: 
Maths and Spelling 

Reading and writing test, mathematical test, 
preferences of video games in relation to other 
activities.  Change in the expectations of the teachers.  
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55 Schwabe and Goth (2005) 
 

Orientation in a University 
Setting 

Rating of technical aspects, usage of key game 
features, most important positive and negative aspects 
of the game. 

56 Sharp and Hall (2000) 
 

Game: Open Software Solutions 
Area: Software Engineering 
 

Measuring the Usability of Multimedia Software 
(MUMMS) questionnaire focusing on attractiveness, 
control, efficiency, helpfulness, learnability and 
excitement.  Qualitative information on most positive 
and negative aspects of the game. 

57 Shaw and Dermoudy (2005) Game: SimJavaSP, Area: Project 
Management or Software 
Development Process 

Enjoyability of the game, difficulty of the game, 
perceptions of how well the participants believed that 
the game taught the process of software development. 

58 Sheng et al, (2007) Game: Anti-Phishing Phil, Area: 
Teaching users good habits to 
avoid phishing attacks 

Correlation between demographics and susceptibility to 
problem, user performance, user confidence rating and 
user feedback.  Percentage of total correctness. 

59 Shin, Norris and Soloway (2006) Game: Skills Arena, Area: 
Mathematics 

Skill acquisition, attitudes towards subject area and 
attitudes towards games.   

60 Sim, MacFarlane and Horton (2005) Game: Children’s Educational 
Software, Area: Mixture of 
topics, solar system, life 
processes 

Usability, fun and learning. 

61 Snow, Gehlen and Green (2002) Game: Business Policy Game, 
Area: Business Education  

More appropriate method of incorporation into an 
educational context. 

62 Squire, Barnett, Grant and 
Higginbotham (2004) 

Game: Supercharged! 
Area: Electrostatics and 
Conceptual Physics  
 

Learning in games.  Knowledge acquisition.  

63 Talib, Matthews and Secombe (2005) Game: Constructivist 
animations, Area: Abstract and 
dynamic concepts of 

Conceptual change and students perceptions. 
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electrochemistry 
64 Virvou, Katsionis and Manos (2005) Game: VR-ENGAGE, Area: 

Geography 
Improvement in mistakes made and performance (poor, 
mediocre and good). 

65 Virvou and Katsionis (2008) Game: VR-ENGAGE, Area: 
Geography 

Usability and Likability. 

66 Wagner, Schmalstieg and Billinghurst 
(2006) 

Area: Art History Judging preferences of 3 different gaming conditions 
using AR, PDA's and Paper for collaboration, ease of 
the task, level of enjoyment and preferred context to 
play the game.     

67 Waraich (2004) 
 

Game: BATILE, Area: 
Computer Architecture - Binary 
Arithmetic and Logic Gates 

Knowledge acquisition and engagement. 

68 Wong et al, (2007) Game: Metalloman, Area: 
Biology 

Effects of interactivity and media richness. 

69 Yu, Chang, Luit and Chan (2002) Game: JOYCE, Area: Drill and 
practice exercises 

Student preferences towards different competition 
modes including: Anonymous competition (network 
competition where the competitor’s identity is not 
revealed), Face-to-face competition and decreased 
proximity competition (network competition where the 
competitor’s identity is known). 

70 Zaphiris, Ang and Law(2007) Game: Biology and Active 
Server Pages Game, Area: 
GCSE level Biology and Active 
Server Pages 

Knowledge acquisition and score in a competitive and 
non-competitive mode. 
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Appendix 9.3: Learner performance category split into knowledge and skills 

Learning 
outcome 

Area Game Study Methodology  Measurements Results 

Cognition       

     Knowledge       

 Knowledge 
Management 

KMQuest Christoph, 
Sandberg, and 
Wielinga (2005) 

Experimental/control 
group + pre-test/post-
test + survey for 
metacognitive 
strategy formation. 

Knowledge gained. 
Metacognitive 
strategies 

The total increase of groups with 
and without the task model were: 
declarative knowledge increase - 
(pre-test 0.51 (SD 0.11), post-test 
0.62 (SD 0.10)). Procedural 
knowledge increase - (pre-test 0.49 
(SD 0.13) post-test 0.62 (SD 
0.09)). Effect of task value model 
on learning outcomes was 
inconclusive. Metacognition was 
inconclusive. 

 Knowledge 
Management 

KMQuest Christoph (2007) Three studies were 
performed. 

Two experimental + 
pre-test/post-test + 
survey for 
metacognitive 
strategy formation 
studies. 

One 
Experimental/control 
group + pre-test/post-
test + survey for 
metacognitive 
strategy formation.  

Knowledge gain. 
Comparison of 
metacognitive 
strategy formation 
in relation to 
knowledge gain.  

The total increase of the groups 
without a task value model were: 
declarative knowledge increase - 
(pre-test 0.51 (SD 0.11), post-test 
0.64 (SD 0.10)). Procedural 
knowledge increase - (pre-test 0.49 
(SD 0.13) post-test 0.62 (SD 
0.09)). General procedural 
increase - (pre-test 0.51 (SD 0.13) 
post-test 0.59 (SD 0.09)). Specific 
procedural increase - (pre-test 0.48 
(SD 0.16) post-test 0.63 (SD 
0.13)). Very little relationship 
between self reported 
metacognition and learning 
measures.  

 Knowledge KMQuest Leemkuil and de Three studies were The importance of Experimental group knowledge 



 251

Management Hoog (2005), 
Leemkuil (2005) 

performed. 

One experimental 
group + pre-test/post-
test + additional 
transfer test (a 
homework assignment 
with 10 marks 
associated with it). 
One 
experimental/control 
group pre-test/post-
test + additional 
transfer test (a 
homework assignment 
with 10 marks 
associated with it). 

One 
experimental/control 
group pre-test/post-
test.  

advice within the 
game. Explicit and 
implicit knowledge 
items.  

increase. 

Implicit knowledge increase - 
(pre-test 3.48 (SD1.59), post-test 
4.14 (SD 1.36)). Explicit 
knowledge increase - (pre-test 6.83 
(SD 2.36), post-test 8.93 (SD 
1.98)). Advice within the game 
was ineffective.  

 Cancer knowledge  Re-Mission Beale, Kato, 
Marin-Bowling, 
Guthrie and Cole 
(2007) 

Experimental/control 
group + pre-test/post-
test + long term 
follow up post-test 
conducted 3 months 
after intervention.   

Factors associated 
with knowledge 
gain.  

Increase in cancer related 
knowledge in both groups but 
higher in Re-Mission group. 

Sustained heightened knowledge 
scores over time.  

 Project 
Management  

Incredible 
Manager 

Dantas, Barros 
and Werner 
(2004) 

Experimental group + 
pre-test/post/test. 

Knowledge 
acquisition. Interest 
in subject. Interest 
in GBL.  

100% of participants say that 
learning occurred. 87% say 
interest in the subject was 
increased.  

 Food safety  The Food 
Detectives 
Fight BAC 

Chamberlin 
(2003) 

Experimental group + 
pre-test/post-test + 
review of transcripts. 

Knowledge gained Qualitative results - the majority of 
participants displayed knowledge 
gain in interviews. 

 Malaria/Parasitic Parasite and Lennon (2006) Experimental Knowledge gained. Inconclusive. 
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education Mosquito 
Game 

participant + post-test.

 Architectural 
energy efficiency  

Architectural 
energy 
efficiency 
game 

Cowan (2007) Two experimental 
groups and one 
control group + pre-
test/post-test.  The 
post-test was 
conducted one month 
after the intervention.  

Knowledge gained. Participants in gaming group were 
more consistently successful in 
improving. 

 Breast Cancer - 
Medicine 

Breast Cancer 
Detective 

Roubidoux, 
Chapman and 
Piontek (2002) 

Two experimental 
groups + post-test 
survey. 

Previous existing 
knowledge. 
Acceptability 
evaluation. 

Inconclusive knowledge gain - 
acceptability survey indicated that 
images used in the game 
contributed to educational value. 

 

 

 

Chemistry and 
Science 

Not specified – 
Computer 
Animated 
Instruction 

Talib, Matthews 
and Secombe 
(2005) 

Experimental/control 
group + pre-test/post-
test. 

Knowledge gain in 
high and low level 
achievers. 

Conceptual change. 

Greater level of knowledge gain 
for those students exposed to 
constructivist animations Mean = 
13.6, (SD 3.63) as opposed to 
traditional techniques Mean = 10.2 
(SD 3.90). 

Heightened conceptual change for 
high and low levels. 

 

 

 

Knowledge 
Management 

Chief 
Knowledge 
Officer 

Chua (2005) Experimental group + 
pre-test/post-test. 

Knowledge gain. Positive effect on knowledge gain. 

 

 

Business LEARN Größler, Maier 
and Milling 
(2000) 

Three experimental 
groups/control group 
+ pre-test/post-test. 

Knowledge gain. 
Effectiveness of 
transparency 
(structural help). 

Knowledge gain significant in 
experimental groups. 
Transparency (structural help) 
beginning to be effective. 

 

 

 

Internet Peering 

 

 

The Peering 
Game 

Komisarczuk and 
Welch (2007) 

Experimental group + 
individual self 
reflection essays + 
team essays + post-
test survey.   

Knowledge gain. 
Team essays and 
individual essays.  

Achieved a positive learning 
experience in general. No control 
group was used as the game was 
designed to reinforce concepts 
from the lectures and introduce 
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new information. The game was 
reported to reinforce concepts 
however new information was not 
successfully introduced.  

 Electromagnetism – 
Physics 

 

 

Supercharged! Squire, Barnett, 
Grant and 
Higginbotham 
(2004) 

Experimental/control 
group + pre-test/post-
test. 

Learning in games-
based learning 
environments. 

Experimental group outperformed 
control group in conceptual exam. 
Experimental change = 1.2 (SD 
0.20). Control change = 0.6 (SD 
0.27). 

 Civil Engineering Internal Force 
Master 

Ebner and 
Holzinger (2007) 

Experimental/control 
group + pre-test/post-
test.  Online 
evaluation running 
concurrently. 

If the game leads to 
similar or equal 
learning results as 
traditional methods. 

If playing the game 
voluntarily feels 
similar to incidental 
learning. 
Disadvantages for 
learners. 

The game leads to at least similar 
learning as traditional methods. 
Post-test playing students (Mean = 
4.03, SD 1.03). Post-test non-
playing students (Mean = 3.82, SD 
1.18). Game feels like incidental 
learning with 98% of students 
playing at least once more. 

 Fire Safety/Street 
Walking Safety 

Fire World and 
Street Walking 
World 

Coles, Strickland, 
Padgett and 
Bellmoff (2007) 

Two experimental 
groups/control group 
+ pre-test/post-test.  
Each experimental 
group was given the 
tests for both 
conditions to act as 
control group for the 
other. 

Standard ability 
score. Comparison 
of correct responses 
of different groups 
on knowledge at 
different points. 
Verbal responses. 

Knowledge gain. At Time 1 
(immediately after the 
intervention), the mean number of 
correct responses was 3.75 of a 
possible 4 (SD 0.68) for the fire 
condition and 3.20 (SD 1.14) for 
the street condition. At Time 2 
(one week post), the mean number 
of correct responses was 3.38 (SD 
1.15) for fire and 3.20 (SD 1.26) 
for street. 

 

 

 

Anti-phishing 
education 

Anti-phishing 
Phil 

Sheng et al 
(2007) 

Game group/existing 
material group/tutorial 
group + pre-test/post-

Measurement of 
correctness before 
and after the 

Participants in the game condition 
performed better. Existing training 
material group (pre-test = 0.66, 
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 test. intervention. 

Total correctness of 
test groups. 

post-test = 0.74), tutorial group 
(pre-test = 0.65, post-test = 0.80), 
Game (pre-test = 0.69, post-test = 
0.87). 

 

 

Software 
Development 

SimSE Oh and Van der 
Hoek (2005) 

Experimental group + 
post-test survey. 

If the game teach 
software 
engineering 
processes. 

On a scale of 1-5 (1-not at all and 
5-definitely), the average rating of 
the perception of the game 
teaching new process knowledge 
was 2.5. On a scale of 1-5 (1-not at 
all and 5-very much so), the 
average rating for whether the 
participants believe that the game 
teaches software engineering was 
3.6. 

 

 

Software 
Development 

 

 

SimJavaSP Shaw and 
Dermoudy (2005)

Experimental group + 
post-test survey. 

If the games teaches 
software 
development. 

67% of respondents perceive the 
game as being able to teach 
software development lifecycles. 

 Biology 

 

 

Metalloman Wong et al 
(2007) 

Four experimental 
groups + post-test 
survey for usability. 

Effects of 
interactivity and 
media richness on 
learning. 

No significant knowledge gain. 

 Mathematics ASTRA 
EAGLE 

Ke and 
Grabowski 
(2007) 

Two experimental 
groups (cooperative 
condition and 
competitive 
condition)/one control 
group + two pre-
tests/post tests.  One 
associated with 
performance and 
another associated 
with attitudes towards 
the subject area.   

Cooperative game 
play would increase 
math performance. 

Results from a post hoc pair-wise 
comparison on the adjusted post-
test means indicated no significant 
difference in math performance 
between cooperative and 
competitive conditions. Adjusted 
mean of cooperative condition = 
61.2 

Adjusted mean of competitive 
condition 59.9. Both conditions 
performed significantly higher 
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than the control group. Adjusted 
means for the control group 
condition = 55.3. 

 

 

 

 

Biology River City Dede, Clarke, 
Ketelhut, Nelson 
and Bowman 
(2005) 

Two experimental 
groups (guided social 
constructivist group 
(GSC) and expert 
modeling and 
coaching group 
(EMC))/control group 
+ two pre-tests/post-
tests.  One for 
understanding of 
content and one for 
attitudes.  

Efficacy of test 
subject. 
Understanding and 
content knowledge. 

Increase in Biology knowledge in 
test group by 32% – 35%. 17% 
increase in control group. Inquiry 
content results improved more in 
the control group than the other 
two experimental groups. Control 
group increased by 20%. Guided 
social constructivist group 
increased by 18% and the expert 
modeling and coaching group 
increased by 16%.  

 Geography 

 

 

 

 

 

VR Engage Virvou, Katsionis 
and Manos 
(2005) 

Two studies 
performed.  Two 
experimental 
groups/two control 
groups + two pre-
tests/post-tests 

Improvement in 
mistakes made in 
relation to different 
levels of academic 
performance (poor, 
mediocre, good). 

Consistent improvement in the 
percentage of mistakes made. For 
students of previously poor 
academic performance the 
experimental group = 48.97% (SD 
10.94), the control group = 
31.57% (SD 7.72). For students of 
previously mediocre academic 
performance the experimental 
group = 38.50% (SD 10.06), the 
control group = 31.64% (SD 5.08). 
For students of previously good 
academic performance the 
experimental group = 33.80% (SD 
9.66), the control group = 32.84% 
(SD 9.67). 
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 Biology 

 

 

 

 

 

River City Nelson (2007) Two experimental 
groups (one with 
moderate guidance 
and one with 
extensive 
guidance)/one control 
group + pre-test/post-
test.   

Knowledge gain 
with different levels 
of guidance No 
Guidance, 
Extensive 
Guidance, and 
Moderate 
Guidance. 

Knowledge gain, however advice 
was ineffective. Moderate 
Guidance group show predicted 

gain of 0.45. The No Guidance 
group had a gain of 0.14 and the 
Extensive Guidance had a gain of 
0.13 which is identical to the 
control group.  

 Biology - 
genetics/epidemics 

 

 

 

 

 

 

Virus and Live 
Long and 
Prosper 
(LLAP) 

Klopfer, Yoon 
and Rivas (2004) 

Four experimental 
groups:  one tags for 
LLAP, one palms for 
LLAP, one tags for 
Virus and Live, and 
one palms for Virus 
and Live + two pre-
tests/post-tests.  One 
for knowledge and 
one for attitudes. 

Self-assessment of 
learning about 
content, technology, 
experimental design 
and whether the 
participants 
believed that the 
technology 
positively impacted 
learning. 

Participants rated their learning of 
content (mean = 3.64), technology 
(mean = 3.72) and experimental 
design (mean = 3.64) highly. They 
expressed strong agreement (mean 
= 3.95) with the statement that the 
technology positively impacted 
their learning.  

 Childhood violence 
prevention 

Invasion of the 
Foozles 

Fontana and 
Beckerman 
(2004) 

Experimental/control 
group + pre-test/post-
test. 

Learner knowledge 
towards human 
behaviour and 
conflict resolution 
strategies. 

 

Significant change was not 
recorded for most of the areas of 
human behaviour and conflict 
resolution in relation to 
knowledge.  

 

 

 

 

Mathematics ASTRA 
EAGLE 

Ke (2006) Three experimental 
groups 
(individualistic, 
competitive and 
cooperative) + pre-
test/post-test for 
performance and 
attitudes. 

Knowledge gain 
with different goal 
structures: 
cooperative, 
competitive and 
individualistic.  

There was no significant effect of 
gaming goals structures. Adjusted 
post-test means for each group are: 
Individualistic = 60.5, competitive 
= 59.2 and cooperative = 60.7.  

     Skills       
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 Knowledge 
Management 

Chief 
Knowledge 
Officer 

Chua (2005) Experimental group + 
pre-test/post-test. 

Skill acquisition. 

Attitude. 

Inconclusive. 

 

 

Process 
Management 

Containers 
Adrift 

Mayer, 
Bockstael-Blok 
and Valentin 
(2004) 

Experimental group + 
post-test. 

Ability to drawing a 
visual 
representation, 
negotiating 
parameters, build 
and running a 
simulation model 
and assessing 
design 
performance. 

The tool was actively used and 
positive observations were made. 

 Project 
Management  

Incredible 
Manager 

Dantas, Barros 
and Werner 
(2004),  

Dantas, Barros 
and Werner 
(2005) 

Experimental + pre-
test/post-test. 

Project 
Management skills. 

Skills gained. 100% of participants 
believed that the game increased 
their project management skills.  

 

 

 

Mathematics Zombie 
Division 

Baker, Hadgood, 
Ainsworth and 
Corbett (2007) 

Experimental + pre-
test/post-test. 

Learner fluency. 
Learner change in 
exercising a skill 
overtime.   

Inconclusive. 

 

 

 

Mathematics SKILLS 
ARENA 

Shin, Norris and 
Soloway (2006) 

Two experimental 
groups, one hand held 
game group and a 
delayed group tested 
10 weeks after the 
intervention + two 
pre-tests/post-tests.  
One for math skills 
the other for attitudes 
towards the subject 
area.   

Mathematical skill 
acquisition. 

The handheld game group 
outperformed those in the card 
game group. Handheld group - 
pre-test mean = 37.06 (SD 14.31), 
post-test mean = 44.71 (SD 12.62). 
Card game group - pre-test mean = 
37.05 (SD 15.58), post-test mean = 
39.95 (SD 17.00)  
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Appendix 10 Learning Effectiveness Data Sets 

Study 1 Study 2 Study 3 

Group Study 
1 

Pre-Test Score 
Study 1 

Post-Test Score 
Study 1 

Group Study 
2 

Pre-Test Score 
Study 2 

Post-Test Score 
Study 2 

Group Study 
3 

Pre-Test Score 
Study 3 

Post-Test Score 
Study 3 

Game 4 6 Game 11 12 Game 1 11 
Game 5 6 Game 11 11 Game 6 10 
Game 6 6 Game 1 9 Game 3 10 
Game 3 5 Game 7 13 Game 8 8 
Game 2 3 Role-Play 8 9 Role-Play 6 10 
Game 3 5 Role-Play 5 7 Role-Play 8 9 
Game 4 5 Role-Play 7 9 Role-Play 6 9 
Game 3 6 Role-Play 5 9 Role-Play 7 11 
Game 5 4       
Game 5 4       
Game 4 6       
Game 3 4       
Game 2 6       
Game 2 2       
Game 6 6       
Game 5 6       

Role-Play 4 5       
Role-Play 2 3       
Role-Play 3 6       
Role-Play 3 5       
Role-Play 3 4       
Role-Play 6 6       
Role-Play 5 4       
Role-Play 4 5       
Role-Play 4 5       
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Role-Play 3 1       
Role-Play 3 5       
Role-Play 4 5       
Role-Play 4 6       

Paper-Based 5 6       
Paper-Based 4 4       
Paper-Based 3 3       
Paper-Based 6 5       
Paper-Based 2 4       
Paper-Based 4 3       
Paper-Based 3 6       
Paper-Based 3 4       
Paper-Based 5 5       
Paper-Based 0 5       
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Studies 2 and 3 combined Study 4 
Study 5 Original Knowledge Questions 

Game Groups HE and FE 
Study 5 Additional Knowledge Questions Game 

Groups HE and FE 

Group 
Studies 2 

and 3 
Combined 

Pre-Test 
Score 

Studies 2 
and 3 

Combined  

Post-Test 
Score Studies 

2 and 3 
Combined  

Group 
Study 4 

Pre-
Test 

Score 
Study 

4  

Post-
Test 

Score 
Study 

4 Group Study 5 

Pre-Test 
Study 5 
Original 

Knowledge 
Questions 

Post-Test 
Study 5 
Original 

Knowledge 
Questions Group Study 5  

Pre-Test Study 
5 Additional 
Knowledge 
Questions 

Pre-Test Stud
5 Additional 
Knowledge 
Questions 

Game 11 12 Game 4 8 HE Game Group 5 6 HE Game Group 11 12 

Game 11 11 Game 6 9 HE Game Group 6 6 HE Game Group 11 11 

Game 1 9 Game 5 10 HE Game Group 5 6 HE Game Group 1 9 

Game 7 13 Game 8 7 HE Game Group 4 5 HE Game Group 7 13 

Game 1 11 Game 2 5 HE Game Group 3 3 HE Game Group 1 11 

Game 6 10 Game 6 7 HE Game Group 2 5 HE Game Group 6 10 

Game 3 10 Game 8 7 HE Game Group 5 5 HE Game Group 3 10 

Game 8 8 Game 3 9 HE Game Group 4 6 HE Game Group 8 8 

Role-Play 8 9 Game 5 8 HE Game Group 4 4 FE Game Group 4 8 

Role-Play 5 7 Game 9 8 HE Game Group 6 4 FE Game Group 6 9 

Role-Play 7 9 Game 10 8 HE Game Group 3 6 FE Game Group 5 10 
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Role-Play 5 9 Game 4 4 HE Game Group 4 4 FE Game Group 8 7 

Role-Play 6 10 Game 3 4 HE Game Group 3 6 FE Game Group 2 5 

Role-Play 8 9 Game 4 6 HE Game Group 3 2 FE Game Group 6 7 

Role-Play 6 9 Game 3 6 HE Game Group 5 6 FE Game Group 8 7 

Role-Play 7 11 Game 4 7 HE Game Group 6 6 FE Game Group 3 9 

   Game 4 8 HE Game Group 6 5 FE Game Group 5 8 

   Game 6 3 HE Game Group 6 6 FE Game Group 9 8 

   Game 6 6 HE Game Group 1 6 FE Game Group 10 8 

   Game 2 3 HE Game Group 4 6 FE Game Group 4 4 

   Game 2 7 HE Game Group 1 6 FE Game Group 3 4 

   Game 1 5 HE Game Group 4 6 FE Game Group 4 6 

   Game 6 3 HE Game Group 2 4 FE Game Group 3 6 

   Role-Play 4 8 HE Game Group 5 4 FE Game Group 4 7 

   Role-Play 5 3 FE Game Group 2 3 FE Game Group 4 8 

   Role-Play 6 7 FE Game Group 4 5 FE Game Group 6 3 

   Role-Play 5 9 FE Game Group 3 6 FE Game Group 6 6 
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   Role-Play 4 5 FE Game Group 5 5 FE Game Group 2 3 

   Role-Play 5 8 FE Game Group 1 2 FE Game Group 2 7 

   Role-Play 10 8 FE Game Group 3 5 FE Game Group 1 5 

   Role-Play 8 10 FE Game Group 5 3 FE Game Group 6 3 
   Role-Play 5 9 FE Game Group 0 4    
   Role-Play 3 5 FE Game Group 3 4    
   Role-Play 6 4 FE Game Group 6 5    
   Role-Play 6 5 FE Game Group 5 6    
   Role-Play 4 7 FE Game Group 3 4    
   Role-Play 4 5 FE Game Group 0 3    
      FE Game Group 2 4    
      FE Game Group 0 5    
      FE Game Group 2 4    
      FE Game Group 3 3    
      FE Game Group 3 2    
      FE Game Group 4 3    
      FE Game Group 2 3    
      FE Game Group 0 4    
      FE Game Group 1 2    
      FE Game Group 3 0    
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Study 5 Original Knowledge Questions Role-Play Groups HE and FE Study 5 Additional Knowledge Questions Role-Play Groups HE and FE 

Group Study 
5  

Pre-Test Study 5 
Original Knowledge 

Questions 
Post-Test Study 5 Original 

Knowledge Questions Group Study 5 

Pre-Test Study 5 
Additional Knowledge 

Questions 
Post-Test Study 5 Additional 

Knowledge Questions 
HE Role-Play 4 5 HE Role-Play 8 9 
HE Role-Play 2 3 HE Role-Play 5 7 
HE Role-Play 3 6 HE Role-Play 7 9 
HE Role-Play 3 5 HE Role-Play 5 9 
HE Role-Play 3 4 HE Role-Play 6 10 
HE Role-Play 6 6 HE Role-Play 8 9 
HE Role-Play 5 4 HE Role-Play 6 9 
HE Role-Play 4 5 HE Role-Play 7 11 
HE Role-Play 4 5 FE Role-Play 4 8 
HE Role-Play 3 2 FE Role-Play 5 3 
HE Role-Play 3 4 FE Role-Play 6 7 
HE Role-Play 4 5 FE Role-Play 5 9 
HE Role-Play 4 6 FE Role-Play 4 5 
HE Role-Play 4 4 FE Role-Play 5 8 
HE Role-Play 5 5 FE Role-Play 10 8 
HE Role-Play 3 5 FE Role-Play 8 10 
HE Role-Play 4 6 FE Role-Play 5 9 
HE Role-Play 4 6 FE Role-Play 3 5 
HE Role-Play 5 6 FE Role-Play 6 4 
HE Role-Play 4 4 FE Role-Play 6 5 
HE Role-Play 4 5 FE Role-Play 4 7 
FE Role-Play 2 5 FE Role-Play 4 5 
FE Role-Play 3 2    
FE Role-Play 3 4    
FE Role-Play 3 4    
FE Role-Play 3 3    
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FE Role-Play 3 4    
FE Role-Play 5 5    
FE Role-Play 5 6    
FE Role-Play 3 5    
FE Role-Play 2 3    
FE Role-Play 4 4    
FE Role-Play 5 5    
FE Role-Play 0 1    
FE Role-Play 2 2    

 

 


	Figure 1.1: Diagram of related chapters
	Table 2.1: Major methodologies used in research
	Table 2.2: Classification of statistical designs used in research designs (Miller, 1974)

	Figure 3.1 Environment for teaching software engineering (and problems that need to be addressed)
	Table 3.1: Advantages and disadvantages of lectures for teaching RCA
	Table 3.2: Advantages and disadvantages of role-play for teaching RCA
	Table 3.3: Advantages and disadvantages of paper-based case studies for teaching RCA
	Table 3.4: Advantages and disadvantages of live-through case studies for teaching RCA

	Figure 4.1: Position of GBL in relation to simulations, games and serious games
	Medicine
	Business
	Military Training
	Science 
	Mathematics 
	Figure 4.2: A screen shot of Zombie Division

	Biology  
	Figure 4.3: Screen shots of River City

	Writing and Geography
	Figure 4.4: Screen shots of Quest Atlantis

	Language Education
	Figure 4.5: Screen shots of Tactical Iraqi
	Figure 4.6: Screen shot of EverQuest II
	Figure 4.7: Screen shots of Second Life 

	Motivation
	Risk Free Environment
	Self Esteem
	Versatility
	Emotional Purification
	Suitability of Computer Games for Learning
	Lack of Empirical Evidence
	Destructive behaviour and attitudes           
	Logistics, costs disagreements and misconceptions
	Participants in Study One (2005)
	Participants in Study Two (2007)
	Participants in Study Three (2009)
	Participants in Study One, Two and Three
	Questionnaire: As well as demographic questions, computer games specific questions included: whether or not participants played computer games; how many hours per week and how many years they had been playing for. 

	Game Playing Habits
	Reasons for Playing Computer Games
	Table 5.1: Reasons for playing computer games
	Reasons


	Reasons for Playing Computer Games When They Get More Difficult
	Table 5.2: Rankings of most important motivations for prolonged participation

	The Types of Games Played
	Table 5.3: Numbers and percentages of students playing different types of game, mean rank and order of preferences of games split by gender

	Use of Computer Games for Learning in HE
	Reasons for Playing Computer Games in HE
	Table 5.4: Students’ ratings of the importance of reasons for using games in HE for study one, two and three

	Skills in HE
	Table 5.5: Skills that can be obtained from computer games

	Attitudes to Computer Games
	Table 5.6: Attitudes to computer games split by gender and study
	Table 6.1 Identified evaluation frameworks
	Figure 6.1: Game object model (GOM) (adapted from Amory, Naicker, Vincent and Adams, 1999) (bold represents abstract interfaces and normal font represents concrete interfaces)
	Figure 6.2: Kirkpatrick’s four levels for evaluating training (adapted from Kirkpatrick, 1994)
	Figure 6.4: SIG-Glue quality criteria framework
	Figure 6.5: Four Dimensional Framework (adapted from de Freitas and Oliver 2006)
	Figure 6.6:  Evaluation framework for games-based learning evaluation


	Learner Performance 
	Learner/Instructor Motivation 
	Learner/Instructor Perceptions
	Learner/Instructor Attitudes
	Learner/Instructor Preferences
	Collaboration
	GBL Environment
	Learner Performance Category
	Table 6.2: Learner Performance Measurements

	The learner performance category of the framework has been expanded as part of a previous publication (Connolly, Stansfield and Hainey, 2009).  To illustrate the versatility of the framework the learner performance category was adapted to the taxonomy of learning outcomes proposed by Wouters, van der Speck, and van Oostendorp (2009).  The learner performance category was split into knowledge and skills based on cognition, which is illustrated in Appendix 9.3. GBL Environment Category
	Table 6.3: GBL Environment Measurements

	Learner/Instructor Motivation Category
	Table 6.4: Learner/Instructor Motivation Measurements

	Learner/Instructor Perception Category
	Table 6.5: Learner/Instructor Perception Measurements

	Learner/Instructor Attitudes Category
	Table 6.6: Learner/Instructor Attitude Measurements

	Learner/Instructor Preferences Category
	Table 6.7: Learner/Instructor Preferences Measurements

	Collaboration Category
	Table 6.8: Collaboration Category Measurements

	Derived Measurements
	Guidelines on Using the Evaluation Framework for a GBL Evaluation
	Figure 7.1: Screen during requirements collection
	 Figure 7.2 (a) Screen during dialog incorporation Figure 7.2 (b) Screen allowing embedding of requirements

	Figure 7.3: Small office providing an overview of the objectives
	Figure 8.1: Basic methods to evaluate the RCAG 

	Results of Expert Review Evaluation (Pilot Study)
	Figure 8.2: Selected experimental methodology
	Table 8.1 List of participants in HE and FE experiments


	Overview
	Experimental Group (Game Group)
	Control Groups (Role-Play and Paper-Based Case Study)
	Table 8.2: Aspects in the different interventions

	Experimental Group (Game)
	Control Group (Role-Play)
	Control Group (Paper-Based Case Study)
	Table 8.3: Comparison of aspects between the groups

	Experimental Group (Game)
	Control Group (Role-Play)
	Control Group (Paper-Based Case Study)
	Experimental Group (Game) 
	Table 8.4: Ratings of the aspects of the game

	Control Group (Role-Play) 
	Table 8.5: Ratings of the aspects of the role-play

	Experimental Group (Game)
	Control Group (Role-Play)
	Experimental Group (Game)
	Table 8.6: Ratings of the aspects of the game

	Control Group (Role-Play)
	Table 8.7: Ratings of the aspects of the role-play

	Experimental Group (Game)
	Control Group (Role-Play)
	Experimental Group (Game) 
	Table 8.8: Ratings of the aspects of the game

	Control Group (Role-Play)
	Table 8.9: Ratings of the aspects of the game

	Experimental Group (Game)
	Control Group (Role-Play)
	Overall 24 students evaluated the game at HE level and 23 evaluated the game at FE level.  21 participants were in the role-play group at HE level and 14 were in the role-play group at FE level.  In terms of knowledge acquisition in the two game groups, due to the addition of questions as a result of the pilot study, the two game groups can be compared in two different ways.  Firstly the 24 students in HE can be compared to the 23 in FE by taking the 6 original knowledge questions into consideration and secondly the 8 students at HE can be compared to the 23 students at FE by taking all of the additional questions into account, including the original 6.  
	Game Group Using Original Six Knowledge Questions
	Game Group Using Additional Knowledge Questions
	Role-Play Group Using Original Six Knowledge Questions
	Role-Play Group Using Additional Knowledge Questions
	Game Aspects
	Table 8.10: Comparison of the aspects of the game between HE and FE

	Role-Play Aspects
	Table 8.11 Comparison of role-play activity between HE and FE

	Game Groups 
	Role-Play Groups
	Table 8.12 Likes and dislikes of traditional teaching approaches
	Table 8.13 Likes and dislikes of GBL


