Revista Brasileira de Informatica na Educagao — RBIE
Brazilian Journal of Computers in Education
(ISSN online: 2317-6121, print: 1414-5685)

http://br-ie.org/pub/index.php/rbie

Submission: 30/Jan/2017;
Camera ready: 23/Nov/2017;

1* round notif.: 08/May/2017;
Edition review: 28/Mar/2018;

Available online: 28/Mar/2018;

2" round notif.: 31/Jul/2017
Published: 07/May/2018

New version: 23/Jun/2017;

Flow Theory to Promote Learning in Educational Systems: Is it

Really Relevant?

Wilk Oliveira dos Santos

Center of Excellence for Social Technologies (NEES)
Federal University of Alagoas (UFAL)
wos@ic.ufal.br

Diego Dermeval

Center of Excellence for Social Technologies (NEES)
Federal University of Alagoas (UFAL - Penedo)
diego.matos@penedo.ufal.br

Leonardo Brandao Marques
Education Center (CEDU)

Federal University of Alagoas (UFAL)
leobmargues@usp.br

Ig Ibert Bittencourt

Center of Excellence for Social Technologies (NEES)
Federal University of Alagoas (UFAL)
ig.ibert@ic.ufal.br

Seiji Isotani

Institute of Mathematics and Computer Science (ICMC)
University of Sdo Paulo (USP)

sisotani@icmc.usp.br

Ismar Frango Silveira

Computers and Informatics Faculty
Mackenzie Presbyterian University
ismar.silveira@mackenzie.br

Abstract

Flow Theory has been increasingly applied to Computers and Education to address several topics within this field (e.g.,
motivation, engagement, learning performance and so on). At the same time, in comparison with other recent theories
related to Computers and Education, (e.g., Self-Determination Theory, S-Curve Theory, Intrinsic motivation, etc.), is a
young topic, with different open research questions. Additionally, the Computers and Education community still lacks a
comprehensive understanding of how Flow Theory is used in the area. Thus, this paper presents a Systematic Literature
Review aiming to identify how students' flow state are measured during learning activities, how such activities are de-
signed, which are the flow models used in Computers and Education and which are the main benefits of being in the
flow state for the students. The main findings of this work are: (1) there is positive evidence about the benefits of apply-
ing Flow Theory in Computers and Education, especially, for increasing students’ learning, to generate students’ satis-
faction, and to enable exploratory behavior,; (2) the majority of studies use questionnaires to manual identify students’
flow state; (3) a great diversity of flow state scales have been used; (4) the majority of studies are not designing activi-
ties for leading students to the flow state, and (5) the Csikszentmihalyi’ flow model is more used. Finally, we conclude
this work by showing some promising and interesting research opportunities that are underexplored in current research
and practice.
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1 Introduction

Computers and Education (C&E) have been a growing research area, addressing different contexts
related to computer-based education solutions and covering a plethora of topics, for instance, Educa-
tional Games (Connolly ef al. 2012 and dos Santos et al. 2017), Intelligent Tutoring Systems (ITS)
(Woolf 2015 and , Paiva et al. 2015), Adaptive Hypermedia Systems (Brusilovsky and Maybury
2002) and many others. Another topic that has been addressed by different researchers in several
areas is the concept proposed by Csikszentmihalyi (1975), named Flow Theory. Indeed, there are
different ways of addressing this topic in C&E, such as measuring students’ flow state when they are
performing computer-based learning activities (Payne et al. 2011, Seifert et al. 2011 and Sinnamon
et al. 2012], designing learning activities that aid students to achieve the flow state (Kiili ez al.
2012), correlation studies between flow state and an increase in students’ learning and so on (Pavlas
et al. 2010 and Eisenberger et al. 2005).

Although the increasing application of Flow Theory to C&E, for instance, in comparison with
other important Theories relates to C&E (i.e., Self-Determination Theory, S-Curve Theory, Intrinsic
Motivation, and others), exist few empirical studies published in this field, and recent works have
highlighted the importance to conduct empirical studies to address specific C&E problems, for in-
stance: the lack of automatic mechanisms to identify if a student is in the flow state (D’Mello and
Graesser 2012), the impact of students’ flow experience (Hamari et al. 2016 and Pavlas et al. 2010),
the need for techniques to measure flow state levels (Kiili ef al. 2012 and Heutte et al. 2013) and
the need of adaptive mechanisms to aid students achieving the flow state based on student modeling
(Hamari et al. 2015 and Santos et al. 2015). However, there is still a lack of the C&E community
about a systematic literature review presenting empirical studies related to the application of Flow
Theory to C&E, and presenting a state of the art of this domain.

Hence, the objective of this work is to conduct a systematic literature review (SLR) to find out
how Flow Theory has been applied to C&E. We investigate whether there is real evidence of the
benefits of using this theory to support C&E challenges. Furthermore, we also need to understand:
(1) how the students’ flow state has been identified during computer-based learning activities (2)
how learning activities have been designed to lead students achieving the flow state; and (3) which
flow models have been used in C&E problems.

In this paper, we used the SLR method Kitchenham and Charters (2007) to identify, evaluate,
interpret and synthesize the available studies to answer particular research questions on the applica-
tion of Flow Theory to C&E, and to establish the state of evidence with in-depth analysis. In this
way, this paper presents the results of an SLR on studies published from January 2005 to July 2015,
and was conducted following a predefined review protocol. Our decision on such period was made
because we intend to gather more recent papers about the topic, considering emerging technologies
that could be used for the joint use of Flow Theory and C&E.

This paper is organized as follows. Section 2 presents a background about flow theory as well
as a review of current topics in C&E. Section 3 describes the SLR method used in this review. In
Section 4, we present the results of the quality assessment of this review. Section 5 first presents an
overview of the studies and then reports the findings of the review along with an analysis and dis-
cussion of each research question. Section 6 discusses the threats to the validity of our work. Finally,
Section 7 points out some conclusions, presents further research to be explored on the use of Flow
Theory in C&E and describes future works.
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2. Background

The goal of this section is to present the key concepts related to Flow Theory and C&E.
2.1. Flow Theory

The notion of “flow state” was introduced by Csikszentmihalyi (1975) as a technical term to de-
scribe a good feeling or “optimal experience” that people have as a motivating factor in their daily
activities, such as at work, sports, and artistic performance (Faiola et al. 2013). According to this
author, the key to understanding flow state is the “autotelic experience” concept (from the ancient
Greek avtoteAng, or “self-goal”). Autotelic experience is the result of an activity or situation that
produces its own intrinsic motivation, rewards, or incentives, specifically without any outside goals
or rewards.

Since the establishment of the basis of Csikszentmihalyi’s Flow Theory, several approaches
have been presented in order to describe this kind of experience. Csikszentmihalyi (1990) describes
nine necessary dimensions in order for an activity to prompt a flow state: (1) clear goals; (2) imme-
diate feedback; (3) a match between personal skills and challenges; (4) merge of action and aware-
ness; (5) facilitate concentration on the task, (6); aid a sense of control; (7) loss of self-
consciousness during the task; (8) sense of time changed; and (9) the experience of becoming “au-
totelic”. Hoffman and Novak (1996) summarized the dimensions proposed by Csikszentmihalyi into
five dimensions: (1) enjoyment; (2) telepresence; (3) focused attention; (4) engagement; and (5)
time distortion. On the other hand, Rodriguez-Sanchez and Schaufeli (2008) stated that the previous
dimensions could be simplified into just three key aspects: (1) absorption, (2) enjoyment, and (3)
intrinsic interest.

Based on the recent literature, the minimum requirements in order for an activity to lead an in-
dividual to flow state, it should provide a balance between challenge’s level and ability required for
the person to complete the activity. If the difficulty of a challenge is greater than the person’s skill
level, he/she gets anxious. By contrast, if the difficulty of the challenge is lesser than the person’s
ability, it tends to be a boring activity (Admiraal ef al. 2011).

2.1.1. Flow Models

Over the time, different conceptual models have been proposed in order to describe flow state.
These models established parameters to position the flow state among other emotional states and to
measure flow state level, through flow state scales and others instruments. Csikszentmihalyi (1975)
was the first researcher to propose a model to describe flow state. He proposed the flow as an emo-
tional state opposite to apathy, located between arousal/anxiety/worry control/relaxation/boredom,
(see Figure 1).
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Figure 1: Csikszentmihalyi original flow model.

In the first model, Csikszentmihalyi describes seven different emotional states related to flow:
(7) Arousal is the physiological and psychological state of being awoken or of sense organs stimulat-
ed to a point of perception. It involves activation of the reticular activating system in the brainstem,
the autonomic nervous system, and the endocrine system, leading to increased heart rate and blood
pressure and a condition of sensory alertness, mobility, and readiness to respond.

Following, (ii) Control refers to practicing newly acquired skills beyond the point of initial mas-
tery. The term is also often used to refer to the pedagogical theory that this form of practice leads to
automaticity or other beneficial consequences. (ii/)Anxiety is an emotion characterized by an un-
pleasant state of inner turmoil, often accompanied by nervous behavior, such as pacing back and
forth, somatic complaints, and rumination. The next emotional refers (iv) Relaxation in psychology,
is the emotional state of a living being, of low tension, in which there is an absence of arousal that
could come from sources such as anger, anxiety, or fear. (v)Worry refers to the thoughts, images,
and emotions of a negative nature in a repetitive, uncontrollable manner that results from a proactive
cognitive risk analysis made to avoid or solve anticipated potential threats and their potential conse-
quences.

Almost opposite to flow, (vi) Boredom is an emotional or psychological state experienced when
an individual is left without anything in particular to do, is not interested in his or her surroundings,
or feels that a day or period is dull or tedious. Finally, totally opposite to flow, (vii) Apathy is a lack
of feeling, emotion, interest, and concern. Apathy is a state of indifference, or the suppression of
emotions such as concern, excitement, motivation, and/or passion. In the original Csikszentmihalyi
model, flow is an emotional state that people can feel during specific activities, especially, activities
that provide a balance between people skill level and activity challenge level and immediate feed-
back, representing state fully immersed in a feeling of energized focus, full involvement, and en-
joyment in the process of the activity. In essence, flow is characterized by complete absorption in
what one does and loses the sense of space and time (Csikszentmihalyi 1975). Some years later, new
researches have been conducted and new models have been proposed. Csikszentmihalyi proposed a
new model (see Figure 2a) based on the first one, which represents a simplification model, synthe-
sizing the skill-challenge balance to flow state. In his new model, Csikszentmihalyi with considers
that the flow state could have different levels, according to different factors. For instance, with some
people, the flow experience can be more deep or strong than others.

Afterward, others researchers proposed different flow models and representations (all based on
the Csikszentmihalyi’s flow models). Schell (2014) proposed a slightly different model (see Figure
2b) on which flow state can vary in each people and the flow state level can be bigger or smaller at
different times of the activity. In this model, Schell has also proposed the people can go in and out
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of the flow state quickly. More recently, Sala (2013) addressed flow state by dividing it into differ-
ent modules (worlds), on which each state is located in a different slice of time (see Figure 2c). One
important point is, this model just represents the simplification of the other models, to activities re-
lated to the general games, Dividing the levels of flow, and representing it as "worlds". Further-
more, Massimini and Carli (1988) proposed a flow model that separates the flow components in
different channels, relates to different feelings and emotions (see Figure 2d). In this model, the au-
thors highlight each different flow state level, have different Psychological components.

High
Flow High

Anxiety Channel ‘ ] Flow
Anxiety Channel

Challenge
Challenge

Boredom W
Low Low
Low m‘ High Low m High
Csikszentmihalyi’ flow model (a) Schell’ flow model (b)

High Flow
Channel

Challenge

Boredom
Low Abilities High '
Sala’s flow model (c) Massimini and Carli’s flow model (d)

Figure 2: Flow models.

2.1.2. Flow State Scale

A measurement of flow state has also been addressed in the last decades. Indeed, a series of methods
have been proposed in order to identify and measure flow state levels. One of the most used instru-
ment to flow state identification is the Flow State Scale (FSS) proposed by Jackson and Marsh
(1996), which is a technique to measure flow state of people in different activities, for instance:
sport, physical educational activities, and others. An FSS is generally composed of questions related
to different flow dimensions, such as clear goals, immediate feedback, a match between personal
skills and challenges, and others. The FSS proposed by Jackson and Marsh (1996) is composed of
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36 items, representing the nine flow dimensions proposed by Csikszentmihalyi (1990), before pre-
sent on Figure 1.

In the last decade, many different FSSs were proposed in order to measure flow experience con-
sidering different aspects and situations. Yoshida (2013) proposed an FSS in order to measure flow
state level in the occupational tasks. This FSS is composed of 14 items and based on the nine flow
dimensions proposed by Csikszentmihalyi (1990). Another proposal was made by Novak et al.
(2000), which measured the flow state level in online environments. Martin and Jackson (2008) also
proposed other FSS to evaluate the subjective experience of flow through two brief measures of
flow.

Finally, others FSS have also been developed in order to measure flow state in Educational
Games. Fu et al. (2009) and Kiili et al. (2012) proposed scales for it. The former proposed the
EGameFlow, composed of 42 items and with eight flow dimensions (Concentration, Clear Goal,
Feedback, Challenge, Autonomy (control), Immersion, Social Interaction, Knowledge Improve-
ment). The later proposed the scale by taking into account nine items and ten dimensions (challenge,
goal, feedback, playability, concentration, time distortion, rewarding experience, loss of self-
consciousness, and sense of control).

2.2. Computers and Education: A Review of Current Topics

The application of Digital Information and Communication Technologies (DICT) in education has
been receiving an increasing interest and is gradually becoming leitmotiv for the teaching-learning
process (Terry 2008 and Santos ef al. 2015). In the last years, educational approaches have been
used to promote and support the use of computer-supported educational technologies in physical and
virtual learning contexts, as shown by Admiraal ef al. (2011), Santos et al. (2014), Challco et al.
(2014), dos Santos et al. (2017), and others, making it clear the importance of to conduct studies
association these new technologies and flow theory studies. In this context, Bittencourt et al. (2016)
presented a series of contemporary key themes related to C&E, a subfield of the DICT on education,
for instance: Virtual Learning Environment (VLE), Web-based Learning, Web-based Education,
Collaborative Learning, Adaptive Hypermedia, Intelligent Tutoring System (ITS), Adaptive Educa-
tional Systems, Learning Management Systems, Distance Education and Educational Games.

Jonassen and Land (2012) highlighted educational system, specially VLEs are an important
mechanism, capable of supporting students in different scenarios. Boisvert (2000) also points out
about the importance of web-based learning, highlighting that this kind of system can improve the
students’ learning and provide individual educational learning spaces, especially to the field of dis-
tance education. Another relevant theme is semantic web-based education. Bittencourt ez al. (2009)
highlighted the semantic web-based education importance in order to design educational systems
capable of meeting the contemporary educational demands (e.g., interoperability between educa-
tional systems, querying and reasoning and so on). Complementarily, Steenbergen-Hu and Cooper
(2014) highlighted ITSs’ results in the education as an example of the success of the application of
C&E to provide individualized learning.

Moreover, another prolific research topic on C&E is collaborative learning on the web. Accord-
ing to Roberts (2009), these educational systems are capable of integrating students in different so-
cial contexts, time period, and educational experience has a unique impact on individual learning
through collaborative means. Collaborative learning techniques are pervasive on distance education,
students who are not physically present at a school (Bozkurt et al. 2015). The collaborative learning
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also has grown through the growth of mobile devices in educational systems (Roberts 2009).

The use of these DICTs in educational contexts have been used along with Flow Theory con-
cepts at several ways. For instance, researchers of VLEs, ITSs, CSCL and of other educational sys-
tems are increasingly interested in developing systems capable of driving students to flow (Katuk
2014 and Kim 2009). They have been also investigating how to design and develop frameworks to
lead students to flow (Kiili et al. 2012). Particular, in the educational games and gamified systems
scientific community, a big challenge is related to the identification of the students’ flow experience
during the use of games (Kiili et al. 2008, Kiili ef al. 2012 and Pavlas et al. 2010). Thus, it is possi-
ble to identify a close relation between the Flow Theory concepts and the DICTs in education.

3. Systematic Review

A SLR is a means of identifying, evaluating and interpreting available research findings related to
some research questions, topic areas, or phenomenon. The main purpose to conduct an SLR is to
gather evidence from which some conclusions can be made Kitchenham and Charters (2008). Ac-
cording to them, an SLR is composed of three phases: (i) Planning Phase — specify research ques-
tions, develop review protocol and validate review protocol; (ii) Conducting Phase — identify rele-
vant research, select primary studies, assess study quality, extract required data and synthesize data
and (ii/) Documenting Phase — write review report and validate the report.

3.1. Review Protocol

In order to perform the planning phase, the guidelines proposed by Kitchenham (2004) were fol-
lowed and the phases are presented in this section.

3.1.1. Research Questions

In order to achieve the objectives of this review, four main research questions (RQ) and an addition-
al secondary question were defined and presented in Table 1, along with their description and moti-
vation.

Research Question

Description and Motivation

RQ1: How students’ flow state has been iden-
tified during computer-based learning activi-
ties?

RQ1.1: Which Flow State Scales (FSSs) have
been used to identify students’ flow state lev-
els during computer-based learning activities?

These questions provide a starting point for understanding how stu-
dents’ flow state are identified during computer-based learning activi-
ties, as well as FSSs associated to these studies. The answers to these
questions are important to understanding how different techniques
have been used to identify flow states in the studies.

RQ2: How computer-based learning activities
have been designed to lead students to achieve
the flow state?

This question intends to describe how computer-based learning activi-
ties are implemented. The answer to this question identifies the tech-
niques being used to create learning activities aiming to lead students
to flow state and provide directions for future studies.

RQ3: Which are the empirical results of ap-
plying flow state to the students’ performance
in computer-based learning activities?

This question allows identifying empirical studies regarding flow state
application in students during computer-based learning activities. The
answer to this question identifies the flow state implications for stu-
dents’ performance and provide a general explanation of the benefits
of achieving the flow state to students, as well as provide prospects for
future studies in this field.

RQ4: Which flow models have been used in
the studies?

This question aims to provide an overview of the flow models used for
researchers in C&E and identify if there is a flow model pattern in this
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research field. The answer to this question allows providing a theoreti-
cal background for future studies in Flow Theory applied to C&E.

Table 1: Research questions.

3.1.2. Search String

The search string was created using keywords derived from the research questions. It was created by
interconnecting terms and with the following logical expression: ((flow theory OR flow state) AND
(<computers in education terms>)). The terms related to “computers in education” were chosen
based on Bittencourt ef al. (2016) and opinion of experts in this theme. The search string was ap-
plied the first time over title and abstract on the source search used in this SLR. Table 2 presents the
used terms (both main terms and synonymous terms), Table 3 illustrates the simplification of the
string and Table 4 describes the used search string.

Search String Distribution
[o] Main Term Synonymous Terms
1 flow theory o flow state
2 educational software platform computers in education
informatics in education
technology in education
educative software
educational software
learning management system
online education
educational environment
virtual learning environment
artificial intelligence in education
artificial intelligence for education
e-learning
electronic learning
m-learning
mobile learning
t-learning
transformative learning
internet-based learning
web-based education
semantic web and education
semantic web for education
7 collaborative learning e cooperative learning
¢ collaborative networked learning
e collaborative learning in virtual worlds
8 adaptive hypermedia e adaptive educational systems
e hypermedia-based education
intelligent educational systems
intelligent tutor
distance learning
*MOOC
massive open online courses
web-based online courses
web-based courses
internet conducted courses

3 educational system

4 learning environment

5 web-based learning

6 semantic web-based education

9 intelligent tutoring system

10 | distance education

36



dos Santos et al. RBIE V.26, N.2 — 2018 @

11 | educative game game-based learn
game-based learning
educational game
game-based education
serious game

gamification

Table 2: Search string terms and synonyms.

((1) AND (2or3or4or5or6or7or8or9or10orll))

Table 3: Simplification of string.

((“flow theory” OR “flow state”) AND ("educational software platform" OR "computers in education" OR "informatics
in education” OR "technology in education” OR "educative software” OR "educational software” OR "educational sys-
tem"” OR "learning management system™ OR "online education” OR "educational environment” OR "learning environ-
ment” OR "virtual learning environment” OR "artificial intelligence in education™ OR "artificial intelligence for educa-
tion" OR "web-based learning" OR "e-learning" OR "electronic learning" OR "m-learning™ OR "mobile learning™ OR "t-
learning” OR "transformative learning” OR "internet-based learning" OR "web-based education” OR "semantic web-
based education” OR "semantic web and education” OR "semantic web for education” OR "semantic web-based educa-
tion" OR "collaborative learning” OR "cooperative learning" OR "collaborative networked learning" OR "collaborative
learning in virtual worlds" OR "adaptive hypermedia" OR "adaptive educational systems" OR "hypermedia-based educa-
tion" OR "intelligent tutoring system" OR "intelligent educational systems™ OR "intelligent tutor" OR "distance educa-
tion" OR "distance learning” OR "*MOOC" OR "massive open online courses” OR "web-based online courses” OR
"web-based courses” OR "internet conducted courses” OR "educative game" OR "game-based learn” OR "game-based
learning” OR "educational game" OR "game-based education™ OR "serious game" OR "gamification"))

Table 4: Complete search string.

3.1.3. Sources Search (Digital Libraries)

The sources were chosen according to Dieste ef al. (2009). In this way, the authors established the
following source selection criteria: availability of primary studies; coverage of publications; and
relevant conferences of research areas. The selected digital libraries were ACM Digital Library',
PsycNet’, Engineering Village’, IEEE Explorer’, PubMed Central’, Science Direct’, Scopus’,
Springer Link® and Web of Science’.

3.1.4. Inclusion and Exclusion Criteria

The definition of inclusion and exclusion criteria aims to identify those primary studies which pro-
vide direct evidence about the research questions as well as reduce the likelihood of bias (Kitchen-
ham and Charters 2007). Only English written studies were selected (adopted in the main scientific
conferences and journals). To increase the chances of retrieving more results about the topic in this
SLR. The SpringerLink digital library, for example, publishes many proceedings papers as book
chapters; most of them are peer-reviewed. As such, in this review, book chapters are not considered
as gray literature and was included in the SLR. Table 5 shows the inclusion and exclusion criteria

!http://dl.acm.org/

2 http://psycnet.apa.org/

* http://www.engineeringvillage.com/
* http://ieeexplore.ieee.org

3 http://www.ncbi.nlm.nih.gov/pme/
© http://www.sciencedirect.com/

7 http://www.scopus.com

8 http://link.springer.com/

° http://apps.webofknowledge.com
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for this work. Recall that our decision on such period was made because to gather more recent pa-
pers about the joint use of flow theory and computers and education.

Inclusion Exclusion
Primary studies about Flow Theory applied to Computers in Education | Non-English papers
Studies published between 2005 and 2015 Studies with less than or equal to 5 pages
Peer-reviewed studies that provide answers to the research questions Duplicated studies
Primary sources Secondary or tertiary studies

Redundant paper of the same author

Works not related to Flow Theory in Comput-
ers in Education

Gray Literature

Table 5: Inclusion end exclusion criteria.
3.1.5. Data Extraction

The data extraction phase was based on Kitchenham and Charters (2007). The elements for data ex-
traction are presented as follows:

e Paper Information (Study Reference; Paper Title; Authors list; Authors Country; Affiliations;
Source; Source Type (Journal, Book chapter or Conference); Year; and abstract);

¢ Date publication (Date between 2005 and 2015);

¢ Educational Technology Type (Educational Games, ITS; Virtual Learning Environment; Gami-
fication; etc.);

¢ Flow Model (Csikszentmihalyi; Schell Sala; Massimini and Carli, efc.);

e Flow State Scale (Yoshida; Jackson & Marsh; Fu, etc.);

e Software Tool (Name of software implemented or used in the study);

¢ Instrument for the Flow State Identification (Questionnaire; Data-log analysis; Recording user
face, etc.);

e Approach for the Design of Computer-based Activities (Game design elements; Mobile ele-
ments; gamification elements, etc.);

¢ Flow State Consequences (Increase Learning; Increase Motivation; Internet Addiction, etc.);

e Empirical results about flow state identification (Yes or Not).

3.1.6. Quality Assessment

The Quality assessment phase allows classifying studies according to specific criteria (Kitchenham
and Charters 2007). Quality assessment have been organized into two categories: i) general criteria
(in order to evaluate the technical quality of the work, for instance, if the paper present clear goals,
general discussions, explicitly threats to validation, and others (questions 1 to 8)); and ii) specific
criteria — in order to evaluate the quality of studies selects regarding empirical results about Flow
Theory applied to C&E (questions 9 to 12)). Table 6 presents the quality assessment questions used
as well as the possible answers and scores associated with each question.

# Quality Assessment Possible Answers

QAL | Is there arationale for why the study was undertaken? Mahdavi-Hezavehi Y=1| N=0 -
(2013)

QA2 | Is the paper based on research (or is it merely a “lessons learned” report based Y=1| N=0 -
on expert opinion)? Dyb and Dingsyr (2008)
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QA3 | Isthere a clear statement of the goals of the research? Dyb and Dingsyr (2008) | Y=1 | N=0 | P=05

QA4 | Is the proposed technique clearly described? Achimugu et al. (2014) Y=1| N=0 | P=05

QA5 | Is there an adequate description of the context (industry, laboratory setting, Y=1| N=0 | P=05
products used and so on) in which the research was carried out? (Dyb and
Dingsyr (2008) and Mahdavi-Hezavehi (2013))

QA6 | Is the study supported by a tool? (Dermeval et al. 2014) Y=1| N=0 -

QAT | Isthere a discussion about the results of the study? (Dermeval et al. 2014) Y=1| N=0 | P=05

QA8 | Are the limitations of this study explicitly discussed? (Ding et al. 2014) Y=1| N=0 | P=05

QA9 | Does the paper present how to identify students’ flow state during Computer- Y=1| N=0 -
based learning activities?

QA10 | Does the paper describe how learning activities have been designed aiming to Y=1| N=0 -
aid students achieving the flow state?

QAL1 | Are there empirical results related to the application of flow state in students’ Y=1| N=0 -
performance during computer-based activities?

QA12 | Are the empirical results related to the identification of students’ flow state Y=1 | N=0 -
during computer-based learning activities?

Subtitle: Y= Yes; N= No; P= Partially

Table 6: Quality Assessment Form.

3.2 Data Collection and Analysis

In Data Collection phase, a software tool was used to support the SLR protocol. The tool called
StArt (State of the Art through Systematic Reviews) (Hernandes et al. 2012) was developed to sup-
port researchers conducting SLRs. StArt was empirically evaluated, with positive results in the exe-
cution of SLRs (Heutte et al. 2013) and has several features, such as allowing the organization of
papers, removal of duplicated studies, reading titles and abstracts, selecting papers to be evaluated in
the next step of protocol and so on. The first step is the execution of the Search String in the search
sources in order to identify and organize studies gathered from the digital libraries. The total of stud-
ies was 1,746 papers. The second step was the stage of automatic removal of duplicated articles,
using the StArt tool. This stage found and removed 172 studies. Then, 1,574 titles and abstracts from
the remaining studies were read, and those that not addressed the inclusion criteria were excluded
(third step). As a result, 117 studies matched the inclusion criteria and were selected for the next
step.

In the last step, a full-paper reading was conducted, resulting in the inclusion of 57 studies that,
somehow, addressed the inclusion criteria of this SLR. Over the data collection and analysis process,
six professionals (PhD. with expertise in the field of C&E and gamification) participated in the pro-
cess. In the titles and abstracts reading, the papers were read by two researchers and were also ana-
lyzed for other two researchers (in this case, conflicts were solved by other two researchers, through
discussions based on the inclusion and exclusion criteria). In the next step - full-paper reading —
papers were also read by other two researchers and the papers with conflicts were analyzed by two
different researchers. Finally, all the researchers participated in the organization of the data, discus-
sion of results and writing process of this paper. The data collection and analysis process was con-
ducted during six months (between August 2015 and February 2016). Figure 3 presents the complete
process starting from studies identification and organization step (step one) until the final step (step
four), on which the 57 studies were included (Appendix A present all papers included in the last step
of this study).
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4. Quality Assessment Result

The results of the Quality Assessment were divided and classified based on the general and specific
evaluation. The general evaluation refers to a group of common questions broadly used in systematic
literature reviews to measure papers quality in terms of general aspects (i.e. methodology, discus-
sion, and so on). The specific evaluation refers to a group of questions particularly created to meas-
ure the quality of papers of this SLR with respect to our research question, i.e., if the paper presents
data support answering our research questions. Appendix B presents the results of quality assess-
ment evaluation (individual paper result according to the independent and dependent questions).

According to the results, with respect to the general quality assessment criteria (questions 1 to
8), the evaluation of the 57 studies presented an average of about 6 points (in a maximum of 8) and
only nine papers presented less than 50% of the general quality assessment. Moreover, the general
quality assessment criteria less covered in the studies was QAGB6, in which only seven studies were
supported by a tool. This result might have happened because few studies have used methods to au-
tomatic identification of student’s flow state, as will be further explained in Section 5.2.

Regarding the specific quality assessment criteria, (questions 9 to 12), the evaluation of the 57
studies presented an average of about 2 points (in a maximum of 4). Among these studies, only sev-
en have presented activities which were designed to aid students reaching flow state as well as have
presented how the flow state was identified in the activities. Furthermore, 25 papers (44% of the
total) present empirical results related to the application of flow state in students’ performance dur-
ing computer-based learning activities and 47 studies (82%) present empirical results related to the
identification of students’ flow state during computer-based learning activities.

Figure 4 summarizes the quality assessment results in spider graph. The overall quality of the
selected studies is acceptable both from general and specific quality criteria. Taken together, these
12 criteria provided a measure of the extent to which we could be confident that a particular study’s
findings could make a valuable contribution to this review. Based on the quality assessment, is pos-
sible to perceive that any selected paper received a complete evaluation (12 points). The selected
paper SLRO27, for instance, is the paper with lower quality from the quality assessment. On the oth-
er hand, the papers SLR015, SLR017, SLR019 and SLR024, present highest quality, responding our
research questions and at the same time, clear description, limitations, deep discussion of results, and
others quality assessment criteria.
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46 titles
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Web of Science:

Total:
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titles and abstracts
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papers
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Figure 3: Studies selection process.

5. Results

A total of 57 studies met the inclusion criteria and their data were extracted. Prior to presenting the
results and analysis for each research question of this SLR, we give a detailed overview of the gen-
eral characteristics of the studies.

5.1. Overview of the Studies

In following, we depict general characteristics of the studies included in the review: year of publica-
tion, type of source and source type of publication, country and application domain (Appendix C and
D present the general information for studies).

5.1.1 Publication Year

The data extraction of general information about the studies shows that the number of studies in-
creased through time. Although some exceptions in specific years, i.e., 2005 (with only four studies),
2006 (no studies published) and 2015 (fewer papers than the previous year), our results indicate that
there is a clear trend in the application of Flow Theory to C&E (see Figure 5).

There is a linear growth until 2014, reaching the peak of 12 articles. Note that, as the search
process of this review was performed in July 2015, a slight decrease in the number of publications
would be expected in 2015 because some papers might be in the press. Thus, this is probably the
reason for the number of studies in 2015 be lesser than 2014.

41



dos Santos et al. RBIE V.26, N.2 — 2018 @

siros7 0t SIR00Y,
SLROSE LRO03
SLROSS 100% SLRO04

SLROS4 SLROOS
SLROS3 90% SLRO06
SLROO7

SLROS2
SLRO51 SLROO8

SLROS0 SLRO09

SLRO49 SLRO10
SLRO48 SLRO11

SLRO47 SLRO12

SLR0O46 SLRO13
SLRO4S SLRO14
SLR0O44 SLRO15
SLR043 SLRO16

SLR042 SLRO17

SLRO41 SLRO18
SLRO40 SLRO19
SLRO39 SLRO20
SLRO38 SLRO21
SLRO37 SLR022
SLRO36 SLR023
SLRO35 SLRO24
SLRO34 SLRO25
SLRO33 SLRO26
Smmil“mkmmn smozd‘lﬂﬂlﬂsmun
Figure 4: Quality Assessment (Grand Total Result).
13
12
11 \
10 / /Y
n 9
a2 s
o
5 7
g 6
E s
=
2., /
A
: N /
1
5 \
2005 2006 2007 2008 2009 2010 2011 2012 1013 2014 2015

Year

Figure 5: Temporal view of the studies.

5.1.2. Source and Source Type of Publication

Other general data extracted from the studies were the source and source type of publication (see
Appendix C). The data extracted shows that the 57 studies are distributed in 35 different sources (3
different book chapters, 6 different conferences, and 26 different journals). This result can indicate
that the application of the Flow Theory to C&E is a multidisciplinary theme, covering and contrib-
uting with different educational topics. The most relevant source type of publication was Journal (47
papers) from different areas, for instance, C&E, Psychology, and Education. This result endorses
that the application of Flow Theory to C&E is a multidisciplinary topic. It may also represent that
the studies in this field have a good maturity level since most of them are published in Journals.
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5.1.3. Country

Authors from 17 different countries and five different continents (Asia, Europe, North America,
Oceania and South America) published the papers selected in this SLR. The United States of Ameri-
ca is the country with most publications (17 papers), followed by Taiwan (13 papers) and South Ko-
rea (9 papers). Figure 6 illustrates the author's affiliations through a “words cloud”. These results
may indicate that this SLR topic is broadly addressed by researchers and institutions from different
countries. On the other hand, they also indicate a supremacy of three countries in this research area,
highlighting the importance of conducting new studies involving researchers and professionals from
different countries and different social backgrounds.
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Figure 6: Countries of the included studies.

5.1.4. Educational Technology Types

The studies were also classified according to it type educational technology (educational technology
provide by the study). We identified 15 categories for these types after extracting data from the stud-
ies (see Table 7). The e-learning category is the most addressed (12 studies), followed by
educational game (11 studies), virtual learning environments (9 studies) and virtual world (6 stud-
ies). The Augmented Reality and Internet Usage categories are addressed by three studies, each one,
whereas the Gamification, Intelligent Tutoring System and Mobile Learning categories have 2 stud-
ies each. Moreover, six educational technology types are addressed by only 1 study: Computer As-
sisted Instruction, Cyber University, Game-based Learning, Multimedia Instructional Materials, Us-
er Interface and Web-based Instruction. We could not identify the educational technology type of 1
study, thus, we categorized it as Non-Specific.

Our results suggest that Flow Theory is actually more used along with games and/or game-
based educational technologies. Considering the three categories related to games (i.e., Educational
Game, Game-based Learning and Gamification), 14 studies (almost 25% of the total) are addressing
this theory to design computer-based learning activities. This result was somewhat expected since
the design of game-based systems directly considers the psychological states related to the Flow
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Theory. However, as presented in Table 7, one might note the Flow Theory has been used along
with several educational technologies, with an emphasis on general E-learning systems, virtual
learning environments, and virtual worlds.

Application Domain Papers Frequency %
Augmented Reality SLR013; SLR0O15; SLR037 3 5.26%
Computer Assisted Instruction SLR014 1 1.75%
Cyber University SLR041 1 1.75%
SLR003; SLRO005; SLR009; SLR017; SLR030; SLRO031;
Educational Game SLR034; SLR035; SLR050; SLR051; SLR056 11 19.30%
SLR016; SLR023; SLR024; SLR028; SLR033; SLRO038;
E-learning SLR042; SLR043; SLR047; SLR048; SLR054; SLR057 12 21.05%
Game-based Learning SLR029 1 1.75%
Gamification SLRO001; SLR027 2 3.51%
Intelligent Tutoring System SLR004; SLR052 2 3.51%
Internet Usage SLRO010; SLR039; SLR040 3 5.26%
Mobile Learning SLR019; SLR026 2 3.51%
Multimedia Instructional Materi-
als SLRO11 1 1.75%
User interface SLR036 1 1.75%
SLR021; SLRO006; SLR018; SLR007; SLR012; SLR025;
Virtual Learning Environments | SLR044; SLR049; SLR055 9 15.79%
Virtual World SLR020; SLR032; SLR045; SLR046; SLR002; SLR008 6 10.53%
Web-based Instruction SLRO053 1 1.75%
Non-Specific SLR022 1 1.75%

Table 7: Flow theory and educational technology types.

5.2. RQ1: How Students’ Flow State has been Identified During Computer-based Learning
Activities?

The purpose of this research question was to identify how students’ flow state has been identified by
the studies when they are performing computer-based learning activities. We categorized the studies
according to two dimensions: instruments used (i.e., user data logs, interview and questionnaire and
so on) and instrument automation level (i.e., manual, semi-automatic and automatic).

Among the 57 studies, 49 studies (86%) proposed some mechanism for identifying the flow
state. The other 8 studies (14%) do not present any specific instrument, hence, they are categorized
as Non-Specific. As shown in Table 8, the majority of the papers used questionnaires (45 studies;
79%) to identify students’ flow state, followed by User Data Logs (4 studies; 7%) and Interview and
Recording User Face (both with 2 studies; 4%). Note that a study could have used more than one
instrument, thus, the sum of percentages may be greater than 100%.

Flow state identification

. Papers Frequency| %
instrument
User Data Logs SLR002; SLR034; SLR052; SLR054 4 7%
Interview SLR032, SLR034 2 4%
Recording User Face SLR018, SLR037 2 4%

SLRO001; SLR004; SLR005; SLR006; SLR007; SLR008; SLR009;
SLR010; SLRO11; SLR012; SLR013; SLR014; SLRO015; SLRO016;
SLRO17; SLR019; SLR020; SLR023; SLR024; SLR025; SLR026;
SLR028; SLR029; SLR030; SLR031; SLR032; SLR033; SLR034,

Questionnaire 45 79%
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SLRO035; SLR036; SLR037; SLR038; SLR039; SLR040; SLR041,
SLRO042; SLR043; SLR044; SLR045; SLR046; SLR047; SLR048;
SLR049; SLR053; SLRO57

SLRO003; SLR021; SLR022; SLR027; SLR050; SLR051; SLRO055;

0,
SLR056 8 14%

Non-Specific

Table 8: Instruments for Identifying Flow State.

The classification on the level of automation of the instruments is related to the instrument used
itself. Thus, studies that used only User Data Logs or Recording User Faces are classified as Auto-
matic, studies that used at least one manual instrument (i.e., Interview or Questionnaire) are classi-
fied as Semi-Automatic and studies that only use manual instruments are classified as Manual. The
predominant automation level of the instruments is the manual identification (75% of the studies),
followed by automatic identification (7% of the studies) and semi-automatic (4% of the papers).
Moreover, we could not identify the type of mechanism for eight studies (14%), thus, we categorized
them in the Not Applicable category.

Figure 7 depicts the number of studies considering the instruments used to identify the flow
state over the automation level of it. As shown in the figure, 43 studies relied on questionnaires to
manually identify flow state and only 2 studies also used some automatic mechanism (i.e., SLR032
and SLR034) along with them. User data logs are exclusively used to automatic identify flow state
by 3 studies and one study (i.e., SLR034) used this instrument along with questionnaires and inter-
views.

Data were generated from the users’ activities, during their interaction in some educational sys-
tem and, then. These data were typically analyzed through algorithms and statistical process. Other-
wise, interviews are used as a non-automatic process to identify students’ flow state in one study
(i.e., SLR032), in this study is also used questionnaires. One study used recording user faces to au-
tomatically flow state identification and other paper (i.e., SLR037) used it along with questionnaires.
This technique consists of recording the face of user and analysis their facial expression through
computational algorithms.

Automation
Level

Automatic

UDL = User data log
| = Interview

Q = Questionnaire
RU = Recording user

Semi-
Automatic

Manual

Instrument

Figure 7: Instruments to identify flow state over their automation level.

5.2.1. RQ 1.1. Which FSSs have been Used to Identify Students’ Flow State Level in Comput-
er-based Learning Activities?

The purpose of this research question is to identify which flow state scales have been used in the
C&E literature. The classification of the scales (15 categories) was made after the data extraction of
the studies, i.e., during the extraction, plain text data about the FSSs used in the study was captured.
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Next, in the syntheses step of this review, 15 categories were defined according to the distribution of
the studies. Table 9 presents the distribution of the studies considering the identified FSSs. The pre-
dominant FSS that we identified was proposed by Jackson & Marsh (1996) (6 studies; 11%), fol-
lowed by Novak et al. (2000), Martin and Jackson (2008) and Fu et al. (2009), each one with 2 stud-
ies (4%). Moreover, 11 others FSSs were used in only one work each. Finally, 34 studies did not
present any FSS (Non-Specific).

Flow State Scale Papers Frequency | %
éc(j)zipzt)ed from Chang, Wu, Weng, and Sung SLR037 1 204
Adapted from Kiili et al. (2006) SLR029 1 2%
Adapted from Kiili et al. (2012) SLR0O09 1 2%
Develop an own FSS based Kiili and Lainema SLR030 1 204
(2008)
Flow Scale for Games (FSG) SLROO05 1 2%
Fu et al. (2009) SLR017; SLR022 2 4%
Jackson & Marsh (1996) gtﬁgig SLR026; SLR044; SLR048; SLR049; 6 11%
Jackson and Ecklund (2002) SLR002 1 2%
Kim (2009) SLR041 1 2%
Martin and Jackson (2008) SLR0O07; SLR0O16 2 4%
Novak et al. (2000) SLR0O12; SLR024 2 4%
Shin (2006) SLR008 1 2%
Vollmeyer and Engeser (2003) SLRO57 1 2%
Wang et al. (2007) SLRO11 1 2%
Wigand, and Nilan (1999) and Novak, Hoffman o
and Yung (2000) SLRO53 1 2%

SLR001; SLR003; SLR004; SLR006; SLR010;

SLRO014; SLR015; SLR018; SLR019; SLR021;

SLR023; SLR025; SLR027; SLR028; SLR031;
Non-Specific SLR032; SLR033; SLR034; SLR035; SLR036; 34 55%

SLR038; SLR039; SLR040; SLR042; SLR043;

SLR045; SLR046; SLR047; SLR050; SLR051;

SLR052; SLR054; SLR055; SLR056

Table 9: Flow State Scales Used in the Studies.

In fact, we could only identify that 24 papers (42% of the studies) used some kind of FSS. Fig-
ure 8 depicts these studies considering the FSSs over the instruments used to identify flow state. As
can be seen, most of the FSSs (except for Jackson and Ecklund 2002) are used along with question-
naires (21 studies). The flow state scale proposed by Jackson and Ecklund (2002) was used by only
one study along with user data log instrument to identify flow state. The flow state adapted from
Chang et al. (2012) (F14) is used along with two instruments, i.e., questionnaire and recording user
face. Note that the flow state proposed by Fu ef al. (2009) “F5” was also used in a study along with
a non-specific instrument for identifying flow state. Moreover, no studies used flow state scales
along with an interview.

46



dos Santos et al. RBIE V.26, N.2 — 2018 @

face

F1 = Adapted from Kiil et al. (2006) F5 = Fu etal. (2009) F9 = Novak et al. (2000) F13 = Wigand, and Nilan (1999) and Novak, Hoffman and Yung (2000)
F2 = Adapted from Kiili et al. (2012) F6 = Jackson & Marsh (1996) F10 = Shin (2006) F14 = Adapted from Chang et al. (2012)
F3 = Own FSS based on Kiili and Lainema (2008) F7 = Kim (2009) F11 = Vollmeyer and Engeser (2003) F15 = Jackson and Ecklund (2002)
F4 = Flow Scale for Games (FSG) F8 = Martin and Jackson (2008)  F12 = Wang etal. (2007)
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Figure 8: Flow state scales over instruments to identify flow state.

5.3. RQ 2: How Computer-based Learning Activities have been Designed to Lead Students for
Achieving the Flow State?

The purpose of this research question is to identify the techniques used to design learning activities
with the explicit focus on leading students to flow state. We identified seven categories (i.e., Com-
puter Assisted Learning System, Game Design, GameFlow, Gamification Elements, Mobile Guide
Design Principle, Skill-Challenge Balancing and Unavailable) to classify the studies in order to an-
swer this research question.

Among 57 papers, only 13 actually presented some technique to design learning activities. Most
of the papers (44 studies; 76%) do not implement activities aiming to lead students to the flow state,
as shown in Figure 9. More than half of the studies that presented such activity used Game Design
Elements (7 studies; 12% of the total). Two studies (4%) used a Skill-Challenge Balancing tech-
nique to design learning activities and only 1 study (2%) used each one of the following techniques:
Computer Assisted Learning System, GameFlow (which is a methodology aiming to lead students to
flow state), Gamification Elements and Mobile Guide Design Principle.

76%

2% 2% 2% 2% 4%
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Figure 9: Approaches for Designing of Computer-based Learning Activities.

As seen in Figure 9, 76% of studies do not design any computer-based activity in order to lead
students to the flow state. This result might indicate that, although the intention of leading students
to flow state, the majority of studies are not presenting any specific way to achieve this objective. In
fact, only 11% of the studies are proposing some learning activity aiming to lead students to the flow
state. We suspect that it might have happened because designing learning activities to aid students
achieving the flow state is a complex task on which several aspects should be considered, for in-
stance, learning objectives, instructional design, clear goals, feedback, and so on. Moreover, this
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result may also indicate that few studies have “know-how” to design such activities for addressing
C&E problems.

5.4. RQ 3: Which are the Empirical Results of Applying Flow State to the Students’ Perfor-
mance in Computer-based Learning Activities?

The purpose of this research question was to gather and classify available evidence to state how the
application of flow state benefits students when they are performing computer-based learning activi-
ties. Studies were classified as “positive” if they presented positive empirical evidence about the
benefits of applying flow state to students, as “negative” if they present negative empirical evidence
about these benefits or as “both” if they present positive and negative empirical evidence.

30
o 22
T 20
&
5 10 1 2
2 0
= Both Negative Positive
=z

Type of Empirical Evidence

Figure 10: Types of empirical evidence.

Twenty-five studies (44%) presented evidence about the application of flow state in computer-
based learning activities, as presented in Figure 10. In fact, the two studies (SLR0O18 and SLR045)
that reported negative evidence were not expecting these results. They both explain that the negative
results were surprising since previous similar studies reported in the literature presented different
results. In the study SLRO18, students have demonstrated confusion and disequilibrium while were
performing computer-based learning activities designed to lead them to the flow state.

Moreover, the study SLR045 pointed out that students in flow state presented a decrease in their
learning. These results are utmost importance in order to encourage conduction of new studies to
understand if the flow state can be harmful to students at some time, place or social context. Fur-
thermore, one study identified negative and positive evidence for the application of flow state to
students in computer-based learning activities. This study (SLR0O10) has conducted an examination
of the dual effects of flow experience on high school students’ Internet addiction and exploratory
behavior, as well as on the effects of parental interventions on the dual causal processes.

As positive consequences reported on the study, they mention the exploratory behavior among
the students. On the other hand, as negative consequences, the study identified that flow state in the
domain of internet usage can cause addiction in the internet usage. The other 22 studies that present-
ed some student’s flow state evidence found only positive consequences. Table 10 describes the
flow state benefits associated with each study. As shown in the table, it was observed an increase in
student’s learning when they are in the flow state, six studies reported students that achieved flow
state during computer-based activities had a learning increase.

Moreover, others positive evidence were found in different studies, such as increase of satisfac-
tion with educational activity, more in-depth reflective process, and exploratory behaviors. These
positive results demonstrate that flow state is a field with positive results to C&E, generating posi-
tive results to different contexts in the last decade, and making room to new studies in different C&E
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domains, especially, in order to provide to students, environments capable of increasing student’s
satisfaction, exploratory behaviors, learning, and so on.

Kind of Con- Consequences Studies
sequence
Positive: Exploratory behavior; Negative: Internet addic- | SLR010
Both tion
Negative Confusion and d_isequilibrium SLR0O18
Decreased learning SLR045
Exploratory behavior SLR010, SLR021, SLR039, SLR40

Feeling of Achievement SLR0OQ7
Creativity and Imagination SLR002
Telepresence SLR021
Facility to accept changes and adaptations SLR036
Feeling happy and cheerful SLR012
Flash of intensity SLRO15
© Sense of discovery SLRO15
2 Desire for higher performance SLRO15
§ Influential for developing dispositions to empathy SLRO17
Interest in learning about games SLRO17
Learner's internal locus of control SLR041
Institutional support SLR041
Learner persistence SLR041

Increase learning SLRO012. SLR004, SLR024, SLR025,

SLR032, SLR033, SLR038

Satisfaction SLRO012, SLR038, SLR048, SLR057,

SLR016

Table 10: Flow State Consequences.

5.5. RQ 4: Which Flow Models have been Used in the Studies?

In order to understand the maturity of the papers regarding Flow Theory’s theoretical background,
this question aims to identify which flow models have been used in the studies. In 39 studies (68%)),
we could not identify which flow model was used. We could only identify the flow model used as
theoretical background in 18 studies (32%). Among these 18 studies, 17 used the flow model pro-
posed by Csikszentmihalyi (1975) and only one study used the flow model proposed by Csikszent-
mihalyi (1975) combined to the flow model proposed by Massimini and Carli (1988). Table 11 de-
scribes these studies along with the flow model used.

These results might indicate that papers are not presenting good maturity in applying flow mod-
els to design computer-based learning activities since less than half of studies used a Flow Theory’s
theoretical background. Moreover, among the studies that relied on some flow model, most of them
only applied the flow model proposed by Csikszentmihalyi (1975) without providing any discussion
or comparison between different flow models. On the one hand, this analysis could help to identify
which flow models are likely to be more suitable in order to address C&E problems, on the hand is
possible the papers are using studies more known about flow model, without conduct more deep
analysis over other possibilities.
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Flow State Model Papers Total | %

Csikszentmihalyi (1975) SLR001; SLR002; SLR003; SLR005; SLR006; SLR007; 17 | 30%
SLR008; SLR010; SLR014; SLR017; SLR019; SLR030;

SLR039; SLR043; SLR046; SLR053; SLR054
Csikszentmihalyi (1975) and Massimini

0,
and Carli (1988) SLR025 1 | 2%

Non-specific SLR004; SLR009; SLRO11; SLR012; SLRO013; SLRO015; 39 |68%
SLRO016; SLR018; SLR020; SLR021; SLR022; SLR023;
SLR024; SLR026; SLR027; SLR028; SLR029; SLR031,
SLR032; SLR033; SLR034; SLR035; SLR036; SLR037;
SLRO038; SLR040; SLR041; SLR042; SLR044; SLR045;
SLRO047; SLR048; SLR049; SLR050; SLR051; SLR052;
SLRO055; SLR056; SLR057

Table 11: Flow models.

5.6. Discussion

The results of this SLR present papers published in venues from different research areas such as
C&E, Education, and Psychology, indicating the multidisciplinary inherent to it. The results of the
first research question suggest that the majority of the papers (77% of the total) are using manual
instruments (with high frequency of questionnaires) to identify students’ flow state. Note that using
questionnaires may increase the number of threats to the validity of the studies since students need to
finish the activity for answering questionnaire's items (Wu and Chen 2015).

In some cases, there is a decrease in accuracy of the flow state identification due to the existing
delay from experiencing some activity to the flow state measurement (e.g. questionnaires). Indeed,
few studies used automatic instruments (i.e. analysis of students’ data logs and recording user face)
to measure students’ flow state. This result might indicate that there is a lack of the use of more ad-
vanced computational techniques, such as educational data mining, artificial intelligence and com-
puter vision to automatic flow state detection. In this way, these results might state a further chal-
lenge for automatic identifying students’ flow state during computer-based learning activities.

In the secondary research question, we identified which FSSs were actually used along with in-
struments to measure students’ flow state. As previously explained, less than half of studies (42%)
used some FSS to aid the flow state identification. Furthermore, fifteen different flow state scales are
used, highlighting the use of the FSS by Jackson and Marsh (1996). Note that the studies that used
questionnaires as instruments for measuring flow state are generally using an FSS to identify if the
student reaches the flow state or which is the students' flow state level.

In fact, we might note that although many studies are using some kind of instrument to measure
students’ flow state, a great amount of them are not relying on FSSs to design their instruments. In
addition, as several different FSSs have been used by the studies, it seems that researchers do not
agree about a standard FSS to measure students’ flow states during computer-based learning activi-
ties. Thus, we highlight the importance of conducting further studies to deeper evaluate the existing
FSSs as well as to propose specific flow state scales suitable to be used in the context of C&E.

The results of our second research question point out that a great majority of the papers (76%)
are actually not designing any learning activity to drive students to the flow state. As previously
mentioned, we believe that an explanation of this result is that designing such activities is a quite
complex task or that studies do not have the necessary “know-how” to design them regarding C&E
problems. Regarding the studies that designed learning activities, they are mostly based on games.
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Hence, these results indicate that the Flow Theory is still applied to this field with a focus on educa-
tional games and game-based activities.

According to Shernoff and Csikszentmihalyi (2009), the application of Flow Theory to educa-
tion is not an exclusive domain of educational games and activities related to games elements. These
authors highlight the importance of conducting researches in different C&E domains using different
techniques and strategies to design computer-based learning activities in order to lead students to the
flow. This result states a challenge that researchers might further address with respect to the imple-
mentation of systematic methods to design computer-based learning activities aiming to lead stu-
dents to flow state.

In our third research question, we looked at the empirical benefits of applying Flow Theory to
target C&E problems. Indeed, our results show that less than half of the studies (43%) conducted
empirical evaluations of their proposals. However, among the empirical papers, most of them report
positive evidence on applying this theory to this field. Our findings are consistent with several bene-
fits such as learning increase, more in-depth reflective process, students’ satisfaction, exploratory
behavior, sense of cognitive presence and so on. These results are of utmost importance to the C&E
research since it gathers empirical evidence about the benefits of applying Flow Theory to students,
as expected by theoretical researchers (e.g. Seifert et al. 2011 and Shernoff and Csikszentmihalyi
(2009)). These benefits could be potentially considered in the design of different educational sys-
tems (besides educational games), for instance, intelligent tutoring systems, MOOCs, computer-
supported collaborative learning systems and so on.

On the other hand, three studies reported negative evidence on the topic. Although the SLR010
paper reports positive evidence regarding exploratory behavior characteristics for the students, it also
reports that internet addiction has been detected in the students. Moreover, the study SLRO18 states
that some students have become somewhat confused and presented some off-balance during the flow
experience. The study SLR045 reports that in their experience, students had a decrease in learning
because of the flow experience.

In summary, our findings suggest that there is much more positive than negative evidence re-
garding the application of Flow Theory to C&E, especially related to students’ learning and explora-
tory behavior. However, future studies (e.g., controlled experiments, conduction of meta-analysis,
etc) are encouraged to verify the strength of evidence reported by such studies as well as new studies
to verify flow state consequences in different perspectives.

In our last research question, we identified the flow models used by the studies as theoretical
background to design computer-based learning activities. Despite aiming to aid students to achieve
the flow state, our findings suggest that few studies (32% of the total) are actually considering the
theory about flow models, with a high presence of Csikszentmihalyi’s model to design their activi-
ties. This result highlights that many studies are not grounding their research on theoretical back-
ground about Flow Theory. Hence, this result might indicate that most of the studies are designing
from scratch their computer-based learning activities to lead students to the flow state. In this way,
we encourage researchers to further consider flow models presented by the literature to address C&E
topics. We also suggest further studies identify evidence about which flow models are more suitable,
regarding for instance context, time and target public to be applied in C&E problems.

Finally, our findings suggest that the topic addressed in this SLE is a growing field. There are
relevant studies and important contributions on the use of Flow Theory in C&E in the last decade as
well as there is a potential growth in the next years, for addressing different concerns such as stu-
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dents’ engagement, motivation, and learning. Additionally, a conceptual map (Appendix E) gives an
overview of our results, depicting the number of studies related to each research question. Note that
the term "N=X" indicates the number of studies in each part of the conceptual map.

6. Threats to Validity

This section describes some recommendations that must be taken into account, in order to improve
future replications of the SLR quality and increase the results generalization scope. In order to organ-
ize this section, the threats to validity were classified using the Internal, External, Construct and Con-
clusion categories (Wohlin et al. 2000).

On regarding the internal validity some subjective decisions may have occurred during paper se-
lection and data extraction. Since that some primary studies did not provide a clear description or
proper objectives and results, making difficult the objective application of the inclusion/exclusion
criteria or the impartial data extraction. In order to minimize selection and extraction misleading, the
selection process was performed through discussions peer-to-peer, in order to solve conflicts related
to inclusion or exclusion of some papers. In this way, we tried to mitigate the threats due to personal
bias on study understanding.

The external validation is concerned with establishing the generalizability of the SLR results,
which is related to the degree to which the primary studies are representative for the overall re-
viewed topic. In order to mitigate external threats, the string search process was defined after several
trial searches and validated with the consensus of all authors. We tested the coverage and representa-
tiveness of retrieved studies in the automatic database search. For some works, we could not have
access to the paper, thus, it is possible that some papers related to the topic were not considered in
this review. However, in order to minimize this threat, we sent an e-mail to these papers' authors
requesting it.

Regarding the construct validity, the main constructs in this review were two concepts "Flow
Theory" and “Computers in Education”. For the first concept, we use the term "flow theory" and its
synonym "flow state" to make sure that all selected studies are related to Flow Theory approaches.
For the second concept, several terms related to C&E were used. These terms have been chosen ac-
cording to the terms considered in the search string of recent SLR studies in C&E (i.e. Bittencourt et
al. 2016) as well as based on researchers’ suggestions (Ph.D.’s with experience in this area). A com-
plementary manual search was not performed in the SLR due to the fact there are no conferences and
journals specifically focused on the joint use of these concepts. This threat is mitigated by including
terms related to our two main constructs for the search in the seven databases.

Finally, regarding conclusion validity, it is possible that some studies excluded in this review
should have been included. To mitigate this threat, the selection process and the inclusion and exclu-
sion criteria were carefully designed and discussed by authors in order to minimize the risk of exclu-
sion of relevant studies. Moreover, there was also a delay time between the process of collecting
data and the paper writing. As our study was conducted in July 2015, probably some recent studies
were also not considered in this review. However, we believe that the main results of this review
would not be much impacted by this threat since we have a good amount of studies considered in
this review.
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7. Concluding Remarks

In this work, we conducted an SLR to investigate how the Flow Theory has been applied to comput-
ers and education research. Our goal was to improve the understanding of how such theory addresses
C&E topics as well as to identify evidence of its use in this field. Fifty-seven studies were finally
included, in which four main instruments for identifying flow state, twenty different flow state
scales, six categories for designing computer-based learning activities for leading to flow state, six-
teen empirical benefits from twenty-five empirical studies and two main flow models were identi-
fied.

Three benefits out of sixteen deserve special attention since they were more present in the em-
pirical studies: (1) increase in students’ learning; (2) more in-depth reflective process; and (3) stu-
dents’ satisfaction. The results also suggest that Flow Theory can potentially be useful to deal with
several concerns that could be addressed in C&E topics such as students’ feeling of achievement,
creativity and imagination enforcement, exploratory behavior, facility to accept changes and adapta-
tions, feeling happy, satisfied and cheerful, flash of intensity, influences to empathy and interest in
games, internal locus of control, perceived usefulness and ease of use and sense of cognitive pres-
ence.

Among the four main instruments used to identify if students achieve the flow state, manual
questionnaires were used by the majority of studies. Moreover, less than half of the studies relied on
some flow state scale for flow identification, but for the studies that use it, there is a great diversity
of FSS been used, highlighting the work by Jackson and Marsh (1996). Our results also show that
the majority of papers are not designing computer-based learning activities to drive students to the
flow state as well as, for the papers that are designing such activities. They are mostly based on edu-
cational games and game-based techniques. Furthermore, few studies are considering flow models as
theoretical background for designing computer-based learning activities, however, for the papers
that are considering them, almost all used Csikszentmihalyi’ theory.

The results presented in this SLR can be useful to the computers and education community
since it gathers evidence from the primary studies included in the review, forming a body of
knowledge regarding the use of flow theory in C&E. In this way, we point out important challenges
on the topic that could be addressed by further studies, as following: (i) proposing automatic instru-
ments to identify students’ flow state; (i) evaluating existing FSSs as well as proposing FSSs in the
context of computers and education; (ii/) implementing systematic methods to aid the design of
computer-based learning activities for achieving flow state; (iv) considering the reported positive
benefits to design further educational systems; (v) conducting more empirical studies (e.g., meta-
analysis) to verify the strength of evidence reported in this SLR; and (vi) using and evaluating com-
puter-based learning activities grounded on well-known flow models from the psychology theory.
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Appendix

A. General Appendix

e The full list of appendices related to this article, as well, the other related materials, such as
the figures, the original data used in this study and the possible erratum of study can be ac-
cessed from this link (or contacting the authors by email): https://goo.gl/gNDuYL
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