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Abstract

The entertaining elements implemented in a serious game are key factors in
determining whether a player will be engaged in a play-learn process and able to
achieve the desired learning outcomes. Thus, optimization of subjective playing
experience is a crucial part of a game design process. Flow theory can be adopted for
measuring user experience and analyzing the quality of serious game designs. In
addition, flow seems to have a positive influence on performance enhancement,
learning and engagement. The focus of this review is especially on examining the
meaning of flow in the context of serious games as well as exploring the relationship
between flow and learning, factors that influence occurrence of flow and how flow is
operationalized. The review revealed that there are mainly conceptual considerations
about flow in serious games, but no robust empirical evidence about the meaning of
flow. This is in line with other studies. We argue that research on flow should focus
on the specific aspects related to the very nature of serious games that combine
enjoyment and learning. Furthermore, new methods to measure flow and analyse the
data need to be developed and studied.
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1. Introduction

Positive psychology emerged around the turn of the millennium [1]. It emphasizes the positive
qualities of life like happiness, fulfillment and optimal experience [2]. Such qualities are important
for all activities of human kind, including game playing. The enjoyment level that a serious game
offers is a key factor in determining whether the player will be engaged in the gameplay, enjoy the
playing and achieve the objectives of the game. Thus, the ability to quantify the playing experience
and ability to identify what game elements engage players is important goal for both industry and
academia. In general, game developers need a reliable way to measure the overall engagement level
of their games to pinpoint specific areas of the experience that need improvement [3]. Several
constructs have been proposed to describe playing experience, but definitional agreement has not
been achieved [4]. Common concepts that have been linked to playing experience are engagement,
involvement, immersion, presence, motivation and flow. The concept of flow is one of the most
popular constructs used to describe the playing experience [3] and positive qualities of life. In fact,
Kiili [5] has argued that games are most successful and engaging if they can produce flow
experiences.

Csikszentmihalyi [6] introduced the flow state through the study of people involved in activities
such as rock climbing, chess and dance. Subsequently flow theory has been applied in several
different domains including, for example sports, art, work, human—computer interaction, games and
education [7]. Flow describes a state of complete absorption or engagement in a specific activity in
which a person excludes all irrelevant emotions and thoughts [8]. During the optimal experience, a
person is in a positive psychological state where he or she is so involved with the goal-driven activity
that nothing else seems to matter. An activity that produces such experiences is so pleasant that the
person may be willing to do something without being concerned what he will get out of his action.
This kind of intrinsic motivation is very important especially in serious games that usually require
different cognitive or physical investments compared to entertainment games.

Csikszentmihalyi [9] has distinguished nine flow dimensions that constitute flow experience.
These dimensions can be divided into flow conditions and flow characteristics [1]. Flow conditions
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are prerequisites of flow and they are referred also as antecedents of flow. Flow conditions include
challenge-skill balance, clear goals, and unambiguous or immediate feedback dimensions. A
perceived skill and challenge levels can be identified as the central precondition of flow experience
[10] (figure 1). Flow characteristics describe the feelings of an individual when experiencing flow.
Flow characteristics include sense of control, action awareness merging, loss of self-consciousness,
concentration, time distortion and autotelic experience dimensions. On the other hand, it has been
argued that the combination of the first eight dimensions of flow leads to flow that is characterised
as an autotelic experience (9™ dimension). Autotelic experience refers to enjoyable and intrinsically
rewarding experiences. The literature shows that flow researches have not achieved a definitional
agreement about the deviation of the dimensions into conditions and characteristics. In spite of that
Csikszentmihalyi [8] has argued that whenever people reflect on their flow experiences, they
mention some, and often all the nine flow dimensions.
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Figure 1. Mental state in terms of challenge and skill levels according to Csikszentmihalyi [11]

The empirical research on flow in serious games has emerged quite recently (e.g. [5, 12]). Since
then flow term has been associated with enjoyable playing experience. Nevertheless, the flow
research in serious games context is fragmented and this literature review aims to combine the
findings and explore what is really known about flow experience in serious games. The focus of this
review is especially on understanding the meaning of flow in serious games context, exploring the
relationship between flow and learning, exploring factors that influence occurrence of flow and
exploring how flow is operationalized. The following section presents the related work applied to
flow in games in general. Next sections (3, 4 and 5) concentrate on the application of flow theory
findings to serious games. Section three describes the research questions in more detail and describes
the process of the conducted literature review. In section four, the findings of the reviewed studies
are summarized. Finally, research elaborates on the identified gaps and recommendations for future
research are provided.

2. Related work

Game designers do not usually refer directly to the flow experience, but they certainly consider
similar factors contributing to the flow experience. For example, Lehtimaki [13] referred to zone
experience when describing games holding power. The concept being in the zone is commonly used
in flow-related sports studies [14, 15]. Rollings and Adams [16] referred to a Zen-like state when
discussing the phenomenon called Tetris trance. During this state, players seem to lose track of time
and concentrate on the entire playing area as a whole.

Empirical findings of flow experience in games reveal that flow is one of the sources of long-
time attractiveness for players (e.g. [17]). Hsu and Lu [18] have applied a technology acceptance
model that incorporates social influences and flow experience as a construct to predict peoples’
acceptance of online games. Flow experience was identified to be one of the major predictors of
intention to play games in the future. In addition, good usability of the game interface was found to
be a critical perquisite of flow experience. According to Kiili & Lainema [19] playability is a notion
that incorporates the relevant aspects of both flow and usability. Weibel et al. [20] have reported
that a human-controlled opponent generates higher flow experience than a computer-controlled
opponent. According to their study, flow mediates the relationship between presence and enjoyment.

Researchers have developed models about flow experience in game context. For example,
Sweetser and Wyeth [21] constructed a GameFlow model for evaluating enjoyment in games. The
GameFlow model consists of concentration, challenge, skills, control, clear goals, feedback,
immersion, and social interaction elements, each including a set of criteria for achieving enjoyment
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in games. In the context of educational games Kiili [5] proposed an experiential gaming model that
is based on experiential learning theory, flow theory and game design. In Kiili’s model the flow
theory is used as a framework to facilitate positive user experience in order to maximize the impact
of educational games. In addition, Kiili et al. [4] have proposed a flow framework for education
games that aim to facilitate the analysis of educational games and to provide design-support for
game developers.

Until now several different methods have been used to study flow experience from which self-
reporting techniques have been the most common methods [22]. The most popular flow scales that
are utilized particularly in sports are Flow State Scale-2 (FSS-2) and Dispositional Flow Scale-2
(DFS-2) [23]. Theses scales are based on the original dimensions of flow proposed by
Csikszentmihalyi [8]. However, Procci et al. [3] found that the refinement of the DFS-2 scale in
game context is needed. Additionally, scales for measuring subjective playing experience have been
developed. For example, Brockmyer et al. [24] developed the Game Engagement Questionnaire
(GEQ) that includes a subscale for flow as well as subscales for presence, absorption, and
immersion. However, in game experience questionnaires the flow dimension is often inadequately
present and it is not based on the views of Csikszentmihalyi.

Furthermore, new methods to study flow are emerging. Advances in neurosciences are making
it possible to continuously monitor the player status [25, 26]. Certain dimensions of flow can be
validated with functional brain imaging, which can improve the understanding of human emotions
and motivational processes during media entertainment [27]. The combination of subjective and
objective measurements can increase the explained variance of player experiences such as flow,
immersion and engagement [25, 28]. Berta et al. [29] have defined a map of the neurophysiological
activities in correspondence with different levels of a player’s flow.

3. Method

The systematic review aims to collect, evaluate and interpret all the available research evidence
relevant to the defined research questions. This section describes the approach that was used to
conduct this systematic review.

3.1 Research objectives and questions

This research considers the meaning of flow theory in serious games focusing on game based

learning. The overall aims are to study to what extent flow theory can be used as a design framework

for serious games involving educational objectives and as a game quality measure. The following

research questions were formed to focus on empirical evidence and to limit the research context:

RQ1: How flow is operationalized in game based learning context and how it is measured?

RQ2: To what extent can flow be used as a serious games quality measure?

RQ3: What empirical evidence exists about the influence of certain game elements and mechanics
on flow experience?

RQ4: What empirical evidence exists about the meaning of each flow dimension on the level of
experienced flow?

RQ5: What empirical evidence exists about the influence of flow experience on effectiveness of
game based learning?

RQ6: What empirical evidence exists about the influence of player characteristics on the level of
experienced flow?

3.2 Outline of the review process

To ensure that the review was conducted systematically, we carried out the following steps:

1. Defining objectives: We defined the research questions and research terms.

2. Scoping the review: We developed explicit inclusion criteria for determining, which studies
will be included in the review.

3. Searching for studies: We used defined research terms to collect relevant papers for the
review.

4. Screening studies: Each article that the search phase returned was screened against the

inclusion criteria. The inclusion of articles into the review was made transparent by
appraising each study against the same inclusion criteria.
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5. Describing and mapping: We outlined the methodology and findings from each included
study and coded the studies according to the created coding schema. The coding schema
was formed according to the research questions.

6. Quality and relevance appraisal: We evaluated each study in terms of used flow
measurements, sample size of the study, transparency of the research method, and
significance of the findings. The study was excluded if flow operationalization did not
correspond at all to the current view of flow, if the sample size was smaller than fifteen, or
if the research methods were not appropriately described.

7. Synthesizing study findings: Based on the mappings, quality and relevance appraisal of the
studies, we synthesized findings under thematic headings and the weight of evidence was
evaluated.

8. Conclusions and recommendations: We identified research gaps and formed a set of

recommendations for further research.

3.3 Searching and screening papers

In this case, the development of a search strategy was an iterative process. First we performed several
preliminary searches to achieve an overview of the literature in order to define the final search terms
for the literature review. The preliminary search results indicated that it is hard to define search terms
that return a great body of existing research papers about the theme of the review. Thus, the selected
search terms were left quite open (* substitutes zero or more characters), which resulted in search
that returned a lot of papers that did not actually contribute to defined research questions (more
details in the section 3.2). The search terms were applied to title, abstract and keywords of the paper.
The search terms used were:

"flow" AND

"educational game*" OR "edutainment game*" OR "serious game*" OR "simulation game*" OR
"games-based learning” OR "games based learning” OR "game based learning” OR "game-based
learning™ OR "working memory game*" OR "learning game*" OR "math game*" OR "mathematics
game*" OR "problem solving game*".

Papers were searched from Science Direct, Scopus, and Web of Science databases that were
selected based on accessibility and relevance to the theme of the review. The search process was
finalized on June 20, 2014. The search returned altogether 144 papers. When duplicates were
removed the amount of potential papers were reduced to 118. Table 1 describes the inclusion criteria
that were defined to select the appropriate papers. Using these five conditions, 24 papers that met
the inclusion criteria were defined as relevant to the review and underwent the mapping and quality
appraisal phases described below (see sections 3.4 and 3.5). Others were excluded.

Table 1. Inclusion criteria for the review.
Criterion type Inclusion criteria
Topic Paper must relate to serious games designed for learning purposes and address at
least one of the research questions.
Publication date | Paper must be published between 2004 -2014 (end of May).
Publication type | Publication must be a journal article.
Research type Results about flow must be based upon empirical research.
Transparency The methodology upon which the study is based must be made explicit (especially
measurement of flow experience).

3.4 Mapping selected studies

We familiarized with the studies of the selected papers and coded the studies according to the created
coding schema (simplified version presented in table 2). The coding schema was created in
accordance with research questions RQ1-RQ6.
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Table 2. Coding schema.

Question | Description of the code

RQ1 Qualitative / Quantitative / Mixed methods

Original flow dimensions / Modified flow dimensions
Flow scale created / Flow scale adopted

Reliability of flow scale analyzed

Flow dimension means calculated

RQ2 Flow used as a game quality measure
RQ3 Mechanic +/-/0

Aesthetics+/-/0

Story+/-/0

Technology +/-/0
RQ4 Importance of flow dimensions addressed
RQ5 Learning +/-/0

Engagement +/-/0
RQ6 Gender+/-/0

Previous playing experience +/-/0

Previous knowledge + / - / 0 (about game content)

Note: Code+ refers to a positive effect; Code- refers to a negative effect; Code0 means that effect is measured,
but the effect was not significant.

3.5 Quality and relevance appraisal

We evaluated the extent that each study contributed to the research questions defined in this review.
Additionally, the weight of evidence was judged based on the methodological quality and relevance
of used methodologies. If the study did not meet the quality and relevance standards for the review,
it was excluded from the review. Based on quality and relevance appraisal, five studies were
excluded. Therefore, only 19 studies were included in the final review.

3.6 Synthesizing study findings

We used thematic synthesis technique because it works well when synthesizing findings of multiple
multidisciplinary research studies [30, 31]. Thematic synthesis includes three stages: 1) the free line-
by-line coding of the findings of primary studies, 2) the organization of these free codes into related
areas to construct descriptive themes, and 3) the development of analytical themes. However, these
themes overlap to some degree. The first stage was described in Mapping of selected studies section.
In this way, findings were translated into a common metric and thus it was possible to compare and
contrast them. In the second stage, the extracted codes were used to identify descriptive themes that
appeared in studies. A theme (finding) was labeled as strong evidence if several studies supported it.
A finding was labeled as reasonable evidence if only few studies supported it. A finding was labeled
as controversial evidence if the results of studies were controversial. Furthermore, quantitative data
of different studies were synthesized and descriptive statistics were used to describe the results.
Finally, more detailed analytical themes were formed and based on them conclusions of the state of
art of flow in serious games was evaluated and recommendations for future research were formed.

4. Findings

19 papers were finally included in this systematic review. These studies covered a total population
of 1775 study participants. All the papers did not report the amount of females and males separately.
Anyway, both genders are well represented generally. Age range varied typically from middle school
to university students. Only five of these nineteen studies used mixed method approach bringing
together data collected with questionnaire(s), observations as well as interviews. On the contrary,
fifteen studies used solely quantitative questionnaires to gather the flow data. Studies present flow
research from six countries: 9 from Taiwan, 4 from Finland, 3 from United States, 1 from Czech
Republic, 1 from Germany and 1 from Israel (figure 2).
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Figure 2. Geographical locations of analyzed studies

9 x Taiwan

There was not a consistent way to be found to measure the flow experience among the papers.
Some of them utilized a custom-made or a modified questionnaire and others adopted questionnaires
used in previous research. In addition to the flow, all studies measured and tackled also other aspects
such as different pedagogical approaches, usability issues and other user experience aspects that
complicated the analysis and synthesis of findings. As it may be assumed, papers involved different
kinds of games, from a mobile augmented reality game to a desktop simulation game. Thus, also
aims and purposes of games varied a lot. However, all of them were serious games with educational
objectives or software platforms that were used in an educational purpose in this case. A couple of
games were utilized in two separate publications (mainly the same authors, but with a slightly
different topic). Table 3 presents a summary of the participants, method/design, and games used in

each study.
Table 3. Summary of the participants, methods and games used in each study.
Study Ps Method/design Game
#1 N=182 The study was conducted in a pretest- Shakshouka Restaurant is an
Barzilai | (111f, posttest control group experimental design. | online game and a business
& Blau 71 m), A control group that only played the game, | simulation in which players
[32] age: 6-14 | a group that studied with an online scaffold | explore the concepts of cost,
and then played the game, and a group that | price, and profit by running a
played the game and then studied with an restaurant.
online scaffold.
#2 N =68 Employed a mixed methods approach and School Scene Investigators: The
Bressler | (33f,35 | used aconvergent design with the data- Case of the Stolen Score Sheets is
& m), age: validation variant. Data sources included: a vision-based AR science
Bodzin 11-15 pre- and post-surveys, field observations learning game played inside the
[33] and group interviews. The survey data were | school environment with Quick
collected online. Response codes.
#3 N =75, To measure flow when interacting with the | The educational simulation
Bromet | age: 18- simulation, the Flow Short Scale is (unnamed) that models the
al. 31 administered. To obtain information about | brewing process.
[34] participants’ affective state, PANAS is
utilized. Retention and Transfer tests done
during a pilot study. One motivation
questionnaire administered immediately
after the treatment and one a month after as
well as the test of graphing skills.
#4 N =115 The online questionnaire based on Second Life is a 3D virtual world
Faiolaet | (68 f, 47 information gathered from formative that can be used as a virtual
al. m), age: research on flow, gaming, and virtual learning environment or
[35] 18-65 reality, as well as exploratory questions simulation.
about the relationship between online
virtual communities, flow, and
telepresence.
#5 N = 166, The scale, named EGameFlow, was The motherboard-assembly
Fuetal. | age: developed. Four learning games were used | pairing game helps to remember
[36] university | as the instruments of scale verification. computer components. The game
students Survey questionnaires were distributed to describing computer parts guides

the study participants. Five validity tests
were applied to observe content validity,
construction validity, criterion-related
validity, convergent validity, and divergent
validity.
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to understand computer
accessories. The hands-on OS
game deals with problems
associated with an operating
system. The bear-cub’s computer
game introduces a wide range of
computer software.
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#6
Hong et
al.

[37]

#7
Hou &
Li

[38]

#8
Hsiao et
al.

[39]

#9
Hsieh et
al.

[40]

#10
Kiili
[5]

#11
Kiili et
al.

[7]

#12

Kiili &
Lainema
[19]

#13
Lietal.
[41]

#14
Linek et
al.

[42]

N =209
(105 f,
104 m),
age: 5-
6th
graders

N =67
(50f, 17
m), age:
18-53

N =51,
age: 5th
graders

N=34
@a7f, 17
m), age:
4-6th
graders

N=18(3
f, 15 m),
age:
university
students

N =98
(81f, 17
m), age:
majority
under 25
N =92,
(411,51
m), age:
20-30

N =117
(16 f, 101
m), age:
1st year
eng.
school
students
N =59
(211,38
m), avg.
age 13.6
years

The study implemented Pearce's et al.
(2005) flow definition as measurement for
the engagement to the game. The factor
loading and reliability were testified
through confirmatory factor analysis.

After students had played the game, they
completed the computer assembly
knowledge test, a questionnaire that
measured their game acceptance and their
evaluations of game elements, and the
Flow Scale for Games.

Creativity is measured using the Creativity
Assessment Packet (CAP) scale provided
by Lin and Wang (1994). The study
recorded the overall activity (observations).
The questionnaire adopted the EGameFlow
scale.

After the game play sessions, all students
completed a flow experience questionnaire
that was developed by Kiili (2006).

Activities were observed virtually and
recorded on Web-logs. A questionnaire was
employed to measure players’ experiences.
The flow antecedents included in the
experiential gaming model were measured
with questions based on a questionnaire on
the flow construct in online environments.
Post-test consisted of lecture, game and
flow questions. Finally, the participants
were interviewed in groups.

Five groups played the simulation game
twice. The data related to flow was
gathered with a 9-item questionnaire
developed by the authors.

The study operationalized the dimensions
of flow experience in an educational game
context and tested a constructed GameFlow
questionnaire.

The study used the learning experience
survey to obtain flow states. The Motivated
Strategies for Learning Questionnaire was
used to evaluate motivation.

To assess the extent of intrinsic motivation
the short version of the multidimensional
Intrinsic Motivation Inventory is utilized.
The degree of flow an individual
experienced was assessed by means of the
translated version of the short flow-scale.
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Two games about San Zi Jing (a
Chinese educational poem).
Games were based on Solitary and
Heart Attack games that are the
most popular card games among
Taiwan elementary school
students.

In Boom Room, students must
collect hardware and assemble a
desktop computer to disable a
bomb and escape a room within
10 min. The game promotes
students’ learning through
problem-solving process.

The ToES is a virtual learning
environment with tasks involving
imaginative and creative thinking,
as well as related knowledge of
electricity. Tasks are solved by
collaborating and discussing with
other players.

Happy Black-faced Spoonbill is a
resource classification game. A
player is a bird that has to
correctly classify a resource to a
corresponding resource bin for
environmental protection.

In IT-Emperor university level
students work in a production
company as trainees. Players are
hired to produce learning material
about usability. The content of the
game reflects the problems and
issues that could arise in a
production company.

Realgame is a collaborative
business simulation game that is
designed to give players a realistic
view of business processes
through case-based learning.
Realgame is a collaborative
business simulation game that is
designed to give players a realistic
view of business processes
through case-based learning.
Train B&P is a simulation
environment that aims to help
novice programmers learn
algorithmic thinking skills
including object-oriented
concepts, conditions, iteration and
object communication.

As experimental environment a
first chapter of an educational
adventure game (unnamed)
regarding optics (properties of
light) was designed. The learning
contents about the properties of
light were directly integrated in
the story of the game.
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#15 N =117,
Liuetal. | age: 1st
[43] year
university
students
#16 N =110,
Liu N1 =55
[44] (111,44
m), N2 =
55(9f,
46 m),
age: 20-
21
#17 N =20,
Ma & age: 5-
Williams | 8th
[45] graders
#18 N =62
Oksanen | students,
[46] 24
teachers
#19 N =115
Wang & | (59 f, 56
Chen m), age:
[47] students

The study used the learning experience
survey to obtain flow states. The Motivated
Strategies for Learning Questionnaire was
used to evaluate motivation.

The group 1 was instructed using the
gaming method and the group 2 was
instructed using the non-gaming method.
During the study, tests, a survey, and
interviews were conducted. A multimedia
flow scale was developed based on the
Flow State Scale.

A GameFlow questionnaire was adopted to
examine flow in the game. A narrative
immersion survey designed to measure
player immersion. Includes also
observations and follow-up interviews.

The participants’ subjective game
experiences were gathered using Finnish
translated versions of the Game Experience
Questionnaire and Sociability Scale.

The instruments utilized were the game
preference questionnaire, the game flow
experience and motivation questionnaire,
and the project grading rubrics.

Train B&P is a simulation
environment that aims to help
novice programmers learn
algorithmic thinking skills
including object-oriented
concepts, conditions, iteration and
object communication.

Star Chef is an educational game
for learning algorithms (stack,
queue, data list, tree traversal,
binary search tree).

Conquest of Coastlands (CoC) is
an educational adventure game
that includes multiple quests. The
Ecosystem in Peril quest is a life
and environmental science lesson
for children aged 11-13.

Game Bridge (GB) is a
collaboratively scripted
multiplayer game with a focus on
task solving in the area of human
sustainability.

Two custom-made problem-
solving games for learning to
program: Matching game was
employed for concept
clarification. Challenging game
helps concept consolidation and
elaboration.

Citation counts of articles included in this systematic review (figure 3) were retrieved on
January 12, 2017 from Science Direct, Scopus, and Web of Science databases (articles #1 - #19 were
searched from the same databases — see section 3.3). 11 papers had over 10 citations. Two papers
did not have indexed citations. The paper that presents EGameFlow scale [36] has been cited the
most.

150
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70 & Scopus

60 Web of Science
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40
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#8 #9 H10 #11 #12 #13 #14 #15 #16 #17 #18 #19
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0

Figure 3. Citations according to analyzed studies (see table 3)
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4.1 Quantitative measurement of flow

Quantitative measures where used to explore flow experience in all studies. Several different flow
scales were adopted or developed. We could not identify a certain scale that was the most popular.
Flow Short Scale [48, 49] was used in two studies [34, 42]. Flow Short Scale includes all flow
dimensions except unambiguous feedback and autotelic experience. Kiili and Lainema [19]
developed GameFlow questionnaire that Ma et al. [45] also adopted. GameFlow questionnaire
extends the original flow dimensions with story and gamefulness components. On the other hand,
Hou and Li [38] as well as Hsieh et al. [40] measured flow with Flow Scale for Games [50], which
includes all original flow dimensions. These scales operationalize flow dimensions differently, but
the operationalization is still quite convergent. For example, action awareness merging dimension is
operationalized as playability in GameFlow and Flow Scale for Games questionnaires. Table 4
summarizes the dimensions that were quantitatively measured in reviewed studies.

Table 4. Flow dimensions that were measured in reviewed studies.

Articles by reference numbers (see table 3)

Included flow c = e %
dimensions | |l o 2| w] ol x| ol o D S S I 2SS IS

I+ I+ I+ I+ I+ IH*| = I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+
Challenge-skill X [ X | x| x X | X | X | X[ x| xX|X]|X]|Xx]X x | 83
balance
Clear goals X | X X X | X [ X | X]|X X X | X X | 67
Unambiguous X X X | X | x| x|x X | X X | 56
feedback
Concentration X | X | X | X ]| X |[X]| X X | X | X | X X X | X | x| x| 89
Time distortion / X | x| x| x| x X | X | x| x| X X X | x| x| x| 83
Immersion* * * *
Sense of control X | X | X | X |Xx] X X | X | x| X X X | X X | 78
Action awareness X | X | X X X | X | X X X X | 56
merging / * R * *
Playability*
Loss of self- X | X X X | X | X X X X | 56
consciousness
Autotelic X X X | X | X X | X X | 44
experience
Story X X x| 17
Gamefulness X X x | 17
Social interaction X X 11
Knowledge X X 11
improvement
Playfulness or X X 11
enjoyment
Being in the zone X 6
Engagement X 6

Note: m refers to a multiplayer game; * refers to the latter one of defined dimension names; First 9 areas refer to
the original dimensions proposed by Csikszentmihalyi; Bolded dimensions refer to flow prerequisites.

In general, table 4 shows that the use of dimension varies quite a lot in the studies and only few
new dimensions or components are proposed to extend flow. However, the domination of original
flow dimensions can be clearly seen. The most often used dimensions are concentration (89%),
challenge-skill balance (83%), time distortion (83%) and sense of control (78%). It is not surprising
that challenge-skill balance is one of these, because it forms the core of flow experience and it is
sometimes used even alone to measure flow (e.g. [41, 43]). The most rarely measured original flow
dimension is autotelic experience (44%). This is reasonable, because it has been argued that the
combination of the first eight dimensions of flow leads to flow that is characterised as an autotelic
experience (9" dimension) and its measurement have been questioned [51]. The evidence that
reviewed studies provide does not justify to extend flow with new dimensions proposed in some
studies and more controlled research with bigger sample sizes are needed. Researchers should focus
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especially on social dimension of playing games, because playing is social in nature. In fact, for
example Bakker et al. [52] has stated that flow can occur also at the team level and this dimension
should be explored in multiplayer serious games. Two studies of the literature review that measured
social interaction dimension utilized single player games in their study.

In each study, flow questionnaires were distributed after a gameplay session and none of the
studies utilized Experience Sampling Method (ESM) that allows exploring flow patterns during a
certain activity [51]. The post questionnaire approach may decrease the validity of flow
measurement, because the meaning of last game events may affect too much on player’s answers
and distort the overall experience. On the other hand, also the use of ESM has been criticised,
because randomly provided flow questionnaires may break down the flow state during the playing
sessions and that way decrease the validity of the measurement [51]. In future, researchers should
consider new and non-disturbing ways to adopt Experience Sampling Method approach in serious
games research.

4.2 Flow as a game quality measure

In most of the reviewed studies flow was used to explore how engaging and enjoyable the game was.
In other words, flow was used as a game quality measure in terms of engagement and enjoyment.
Table 5 lists the mean values of flow experience in 14 studies that provided data to calculate it
(transformed to 5-point Likert scale). The mean value of flow experience was 3.84 (N=1150). This
score is quite high if we take into account that most of the used game test beds were research
prototypes and had their shortages. Furthermore, the overall flow score of the studies is almost equal
when compared to flow level experienced in sports [23]. However, it is hard to validly interpret flow
scores that are based on quantitative measurements. Did the players really achieve a flow state or
not? For example, Swann et al.’s [1] review of flow experience in elite sports summarized that
athletes commonly report experiencing approximately five of the dimensions at the time. Because
achieving flow state does not require all flow dimensions to be present simultaneously, researchers
should consider new ways to analyze dimension based flow data.

Table 5. Mean values of flow experience in reviewed studies.

Articles (see Mean of flow in Original N
table 3) 5-point Likert scale Likert scale

#1 3.30 6 182
#2 412 5 98
#3 4.03 7 75
#4 3.82 5 115
#5 4.57 7 166
#7 3.79 5 67
#8 4.38 7 27
#9 3.73 5 34
#11 3.88 6 98
#12 3.67 5 92
#14 3.07 7 59
#16 3.84 5 55
#17 3.86 5 20
#18 2.95 5 62

Table 6 shows mean values of flow dimensions (transformed to 5-point Likert scale) in
reviewed studies in which means of dimensions were presented (articles #6, #10, #13, #15 and #19
by reference numbers based on table 3 are excluded). From the table 6 we can see that mean values
of flow dimensions vary between games. Naturally, the characteristics of games and users have
affected this. However, only small variations can be found from overall dimension scores (N = 565).
Action awareness merging / playability dimension scored lowest (M = 3.6) and clear goals highest
(M =4.03).

International Journal of Serious Games Volume 4, Issue 1, March 2017
ISSN: 2384-8766 http://dx.doi.org/10.17083/ijsg.v4i1.151



http://journal.seriousgamessociety.org/

A. Perttula, K. Kiili, A. Lindstedt, P. Tuomi, Flow experience in game based learning — a systematic literature review pag. 67

Table 6. Mean values of original flow dimensions in reviewed studies.
Articles by reference numbers (see table 3)

Dimensions #2 #5 #7 #8 #9 #11 #12 | #16 | #17 Min
m m m M sports

Challenge-skill | 422 | 3,55 | 3,79 | 4,39 | 4 405 |366 | 3,73 |3,72 | 3,90 3,7

balance

Clear goals 4,06 | 365 | 3,77 | 4,36 | 437 |416 | 3,77 | 3,8 4,3 4,03 4,1

Unambiguous | 4,12 | 3,71 | 3,85 |43 |383 |3,72 |343 | 3,83 | 4,22 | 3,89 3,9

feedback

Concentration 437 | 379|391 |433 364 |377 |37 |383 |378 |391 3,65
Time distortion | 391 | 3,33 | 392 |43 |347 |38 |377 |384 |375 |3,79 3,25

Sense of 4,18 | 356 [ 3,89 |45 |363 |431L |357 |368 |4,03 393 3,65
control

Action 3,66 3.6 354 |354 |381 3.57 | 3,62 3,65
awareness * * * * *

merging /

playability *

Loss of self- 3,65 3,77 389 |[375 | 4,01 3,62 | 3,78 3,95
consciousness

Autotelic 4,62 3,61 4,18 | 3,74 |38 3,84 | 3,78 | 3,94 3,98
experience

Note: values are transformed to 5-point Likert scale; m refers to a multiplayer game; * refers to the latter one
of defined dimension names; Bolded dimensions refer to flow prerequisites.

The mean values of flow dimensions cannot be used to determine which of the flow dimensions
are the most important in serious games context. However, mean values can be used as a quality
measure of the game and to figure out which of the dimensions should be especially taken into
account when iteratively improving a certain game design. In this ambition the flow prerequisites
(challenge-skill balance, clear goals, and unambiguous feedback) are the most concrete and useful
ones. For example, Wang & Chen [47] found that progressive challenge and time pressure facilitated
flow. Similarly, Kiili & Lainema [19] stress the meaning of game mechanics that require continuous
effort and time-intensity. Thus, game designers should pay more attention on challenge-skill balance
and develop such adaptation models that facilitate achieving and maintaining flow experience. In
addition to challenge-skill balance, background music [42], user generated game content [5] and
social game mechanics [46] was found to facilitate flow experience. Nevertheless, the studies did
not actually consider or study the meaning of certain game mechanics and thus recommendations
about the usefulness of certain game mechanics cannot be created based on these findings.

In a couple of the studies the authors emphasized factors that disturb flow. For example, Ma
and Prejean [45] found that technical problems and bad playability disturb flow. This can be a big
problem in research that is based on game prototypes that are developed only for research purposes.
When studying flow in serious games, researchers should ensure that the design of the game is good
and all major technical problems are solved. Even small issues in interaction design and audiovisual
implementation can affect on the outcomes of the research. On the other hand, flow can be used to
measure also the quality of low fidelity game prototypes as well as a part of iterative game design
process. However, if this is the case then the main aim of the research is not to study flow
phenomenon, but to test the quality of the game in terms of flow. Furthermore, mechanics that enable
dominative behavior in multiplayer games was found to disturb flow [19].

4.3 Flow experience and learning

Only five articles studied the relationship between flow experience and learning. In general, the
articles provide some evidence that the flow experience has a positive influence on game based
learning outcomes. In two studies the learning outcomes were measured with knowledge tests. For
example, Liu [44] found a positive but non-significant correlation between flow and academic
performance. The study showed that flow had a positive correlation also with enjoyment caused by
the game. On the other hand, Kiili [5] found a strong connection between flow and learning.
However, the sample size of this study was small (n = 18) and thus the results are not generalizable.
The results of studies in which learning was measured based on players’ opinions support also the
positive connection between flow and learning. Barzilai and Blau [32] showed that flow significantly
predict learning. According to their structural equation model perceived learning was found to be a

International Journal of Serious Games Volume 4, Issue 1, March 2017
ISSN: 2384-8766 http://dx.doi.org/10.17083/ijsg.v4i1.151



http://journal.seriousgamessociety.org/

pag. 68

consequence of flow. Furthermore, the results of Kiili and Lainema [19] showed that there was a
loose positive connection between flow experience and learning. One of the studies was only
indirectly related to learning while learning was measured as players’ feeling of divergent thinking
as a part of creativity measurement [39]. In some cases, the success in the game could be used to
describe learning. For example, Brom et al. [34] found that the high scoring players were more often
in the flow state. Their study also revealed that flow correlated with motivation, which should
facilitate learning. Although above findings support the positive relationship between flow and
learning in serious games, more empirical research needs to be conducted before this relationship
can be generalized.

4.4 Flow and individual characteristics

Two of the studies explored to what extent the age of players affects the level of experienced flow.
Both studies found that higher age predicted higher flow [35, 40]. In Faiola et al.’s study [35] the
age of players varied between 18 and 65 (N = 115). However, in Hsieh et al.’s study [40] the age
differences between participants were very small (N = 34). The participants were 4"-6" graders and
thus it is possible that the way young children understood the abstract flow questions might have
influenced on the results. Three of the studies explored the relationship between gender and flow.
Two studies [33, 40] did not report any gender differences. Controversially, Hou and Li [19] found
that men experienced higher flow than women in terms of flow antecedents (challenge-skill balance,
clear goals, feedback, sense of control and playability). It is noteworthy that this result is based on
quite small sample size (N = 67) and the gender distribution is biased (male = 17; female = 50).
Furthermore, the game that Hou and Li [19] used was about personal computer assembly, which
may have appealed to men more than women. However, because the interest to subject matter was
not measured we cannot be sure about the meaning of it on flow. On the other hand, Bressler and
Bodzin [33] measured interest in subject matter and in their study it did not affect flow. Whereas
they found that positive attitude to game playing predicted higher flow. Furthermore, the results of
Hou and Li [38] indicate that also prior knowledge may influence positively on flow antecedents.
As we can see, the results considering the meaning of player characteristics on flow are controversial
and based on these findings any conclusions can not be formalized. More high quality research that
focuses on player characteristics is needed.

5. Conclusions and recommendations

The research of flow in the field of serious games has started after the millennium. Whilst this review
provides some evidence against the research questions RQ1-RQ6 (see section 3.1), surprisingly
limited number of empirical studies on flow in serious games context was found. The relatively small
amount of studies used in the review reflects the lack of empirical evidence about flow and indicates
that conceptual considerations about flow in serious games is much more common than empirical
research (in line with e.g. [53]). In fact, the review revealed that the state of art of flow research in
serious games is at a low level.

The review showed that quantitative measurement of flow was the most common method to
study flow in serious games (RQ1) and that flow can be used as a game quality measure in serious
games context (RQ2). Several different flow scales were either adopted or developed and the
original flow dimensions dominated the operationalization of flow. The controlled efforts to create
new subscales that could more adequately address flow in serious games as well as more valid ways
to measure flow during playing are needed. For example, researchers should develop new
procedures to use Experience Sampling Method (ESM) based measurements in non-intrusive way.
Such continuous flow data that is linked to time and game events could provide totally new insights
about flow in serious games and produce also knowledge about the meaning of game mechanics in
terms of flow (RQ3). Furthermore, because achieving flow state does not require all flow dimensions
to be present simultaneously we should also consider new ways to analyze dimension based flow
data (RQ4).

Nevertheless, the gathered evidence suggests that the flow has a positive influence on game
based learning outcomes (RQ5). For example, Kiili [5] found a strong connection between flow and
learning. However, the review shows that the meaning of individual characteristics and game
mechanics has largely been neglected in the research (RQ6). Because flow is a subjective experience
and game preferences vary a lot among people, studying the meaning of individual differences is a
very important future goal in order to achieve better understanding of the flow phenomenon in
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serious games. This is to say, although the findings of the review provide some base line evidence
about the importance of flow experience in serious games, more robust empirical research needs to
be conducted before the results can be generalized.

To conclude, although we aimed to synthesize relevant findings from a wide range of literature,
the evidence presented in this review may be incomplete. First, some studies may have been missed
because of the used search criteria and databases. Second, the studies present flow research from
small geographical areas that may affect the quality of findings. Third, in addition to the flow, all
studies measured and tackled also other aspects such as different pedagogical approaches, usability
issues and other user experience aspects that complicate the analysis and synthesis of findings. In
practical terms, none of the studies was a pure flow study. Therefore, it was difficult to code the
selected papers.

Bearing in mind the gathered findings and the limitations of this review following
recommendations were formed:

o  Further research in different serious game contexts is required in order to clearly establish

the impact of flow in learning.

e Controlled research needs to be conducted to achieve a better understanding of flow in
serious games and to be able to operationalize flow so that it more adequately addresses
flow in serious games. To achieve this goal, engaging serious games should be used as test
beds in which the users can really achieve flow state. In such context, it is possible to validly
study the flow phenomenon and test possible extensions of flow.

e Research needs to be conducted to explore how different game mechanics influence the
flow experience. Game events linked to players’ flow data could produce knowledge about
the game mechanics in terms of flow.

e More valid methods to measure flow during playing needs to be studied and developed.
Because achieving flow state does not require all flow dimensions to be present
simultaneously we should also consider new ways to analyze dimension based flow data
collected with quantitative measures.

o  Further research is needed to study the influence of subject matter interest, game genre and
social aspects on flow.
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