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Abstract

Background: Flow is a subjective psychological state that people report when they are fully involved in an activity
to the point of forgetting time and their surrounding except the activity itself. Being in flow during physical/cognitive
rehabilitation may have a considerable impact on functional outcome, especially when patients with neurological
diseases engage in exercises using robotics, virtual/augmented reality, or serious games on tablets/computer. When
developing new therapy games, measuring flow experience can indicate whether the game motivates one to train.
The purpose of this study was to identify and systematically review current literature on flow experience assessed

in patients with stroke, traumatic brain injury, multiple sclerosis and Parkinson’s disease. Additionally, we critically
appraised, compared and summarized the measurement properties of self-reported flow questionnaires used in
neurorehabilitation setting.

Design: A systematic review using PRISMA and COSMIN guidelines.

Methods: MEDLINE Ovid, EMBASE Ovid, CINAHL EBSCO, SCOPUS were searched. Inclusion criteria were (1) peer-
reviewed studies that (2) focused on the investigation of flow experience in (3) patients with neurological diseases
(i.e, stroke, traumatic brain injury, multiple sclerosis and/or Parkinson’s disease). A qualitative data synthesis was per-
formed to present the measurement properties of the used flow questionnaires.

Results: Ten studies out of 911 records met the inclusion criteria. Seven studies measured flow in the context of
serious games in patients with stroke, traumatic brain injury, multiple sclerosis and Parkinson’s disease. Three stud-

ies assessed flow in other activities than gaming (song-writing intervention and activities of daily living). Six different
flow questionnaires were used, all of which were originally validated in healthy people. None of the studies presented
psychometric data in their respective research population.

Conclusion: The present review indicates that flow experience is increasingly measured in the physical/cognitive
rehabilitation setting in patients with neurological diseases. However, psychometric properties of used flow ques-
tionnaires are lacking. For exergame developers working in the field of physical/cognitive rehabilitation in patients
with neurological diseases, a valid flow questionnaire can help to further optimize the content of the games so that
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optimal engagement can occur during the gameplay. Whether flow experiences can ultimately have positive effects

on physical/cognitive parameters needs further study.

Keywords: Systematic review, Flow experience, Gaming, Neurological diseases

Background

Flow experience is a subjective psychological state that
people report when they are completely involved in
something to the point of forgetting time and their sur-
rounding except the activity itself [1, 2]. During flow,
subjective perception of time may change: Time can
pass faster or slower and the environment is hardly or no
longer perceived. Attention is fully invested in the task at
hand, and the person functions at his or her fullest capac-
ity. The flow state was first described by Csikszentmihalyi
(1975) as the “optimal experience” He began his research
on flow experiences with the simple question of why
people are often highly committed to activities without
obvious external rewards. Csikszentmihalyi’s first stud-
ies involved interviews with people from different back-
grounds such as athletes, chess masters, rock climbers,
dancers, composers of music and many more [3]. Csik-
szentmihalyi and his colleagues developed the “Flow-
theory” with general attributes of an optimal experience
and its proximal conditions. The Flow-theory proposes
nine key characteristics: challenge-skill balance (bal-
ance between the challenge of the activity and personal
skills), action-awareness merging (involvement in the
task; actions become automatic), clear goals (clear idea of
what needs to be accomplished), unambiguous feedback
(clear and immediate feedback), concentration on task
at hand (complete focused on the task), sense of control
(clear feeling of control), loss of self-consciousness (no
concerns with appearance, focused only the activity),
transformation of time (altered perception of time; either
speeding up or down), and autotelic experience (the
activity is intrinsically rewarding) [2, 4]. Many research-
ers tried to adapt the Flow-theory [5] and explored pre-
dictors and consequences of flow, but its definition and
key characteristics as shortly described above, remained
largely the same. In fact, a recent paper about flow clearly
advocates Csikszentmihalyi’s Flow-theory as the only
valid and default conceptualization so far [5].

Because flow experience is associated with elements
such as motivation, peak performance, peak experience
and enjoyment, the Flow-theory was further explored in
various research fields, such as sports, educational sci-
ence, work and software engineering for gaming [6-9].
Positive associations were found between athletes’ flow
experience and their performance measures, indicat-
ing that positive psychological flow states are related to
increased levels of performance. In addition, significant

prediction of the athletes’ performance could be made
based on the level of flow experience during the competi-
tion [10].

Attempts to systematically measure flow experience
started in the 1990’s. Self-reported flow questionnaires
were used to measure flow during specific activities, such
as computer interactions among students and account-
ants [11], and among athletes practicing various sports
such as basketball, athletics, hiking, jogging and other
types of sports [4]. In the past 30 years, different flow
questionnaires were developed [12, 13]. They focussed
either on the dispositional or core flow experience (ten-
dency to experience flow in general) [14] or on the state
flow experience (flow experience in a specific activity) [4].
This lead to some disagreement in literature about how
flow actually should be measured, and as well as to the
context and task in which a flow questionnaire should be
applied [5].

Interestingly, over the last decade, several computer or
tablet-based serious games, and virtual/augmented real-
ity therapeutic training applications have been developed
that integrate many of the key flow characteristics men-
tioned above. Furthermore, various studies evaluated the
player’s flow experience with questionnaires when apply-
ing these newer technologies [15-17]. Serious games are
intentionally programmed so that the goals are presented
very clearly (ie., visually through nice icons), and that
the requirements of the exercises are adaptable accord-
ing to the level of player performance. Also, the exercises
should be both exciting and attractive enough to main-
tain the player’s attention. In this way, the player obtains
a certain automatic feeling of flow while having full con-
trol over his or her actions. These games are sometimes
so well designed that one loses track of time. Serious
games, robotics, virtual/augmented reality, have found
their way into neurorehabilitation [18-21], and theory
of flow experience emerged in recent neurorehabilitation
studies [22, 23]. Indeed, serious exergames may have an
explicit educational and/or therapeutic purpose and are
often designed in such a way that they may also improve
cognitive or physical capabilities [22, 24]. Interestingly,
exergame developers began to look at new games from
the perspective of flow experience in order to adapt the
game conditions of the players, and used flow questions
to assess the users’ engagement for the new therapy form
[23, 25]. To assess flow experience during a therapeutic
session with a patient, valid questionnaires are needed
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which may guide a clinician in adapting the level of dif-
ficulty, attractiveness, amount of feedback of an exercise,
possibly further attributing to an optimal flow experi-
ence. Such optimization of the motor learning envi-
ronment may enhance therapeutic efficacy during an
individual training session.

However, to date, there is no consensus on how
flow experience should be measured in neurologically
impaired patients. Furthermore, no systematic over-
view exists so far, about current existing flow question-
naires and their psychometric properties. Therefore, the
first aim of the present study was to identify and sys-
tematically review current literature on flow experience
assessed in patients with acquired neurological diseases
such as stroke, traumatic brain injury (TBI), multiple
sclerosis (MS) and Parkinson’s disease (PD). The second
aim was to critically appraise, compare and summarize
the measurement properties of self-reported flow ques-
tionnaires used in a neurorehabilitation setting. Since
flow experience has been assessed already in neurological
rehabilitation and measurement tools exist, we expected
these tools to be well validated.

Methods

This systematic review followed the guideline from the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Statement (PRISMA) [26]. The Consen-
sus-based standards for the selection of health measure-
ment instruments (COSMIN guidelines) were applied for
the evaluation of the measurement properties of the flow
questionnaires [27]. A flow questionnaire is a research
instrument consisting of a series of questions for the pur-
pose of gathering information from respondents about
their flow experience when performing an activity.
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Protocol and registration

The protocol was registered with the International pro-
spective register of systematic review (PROSPERO)
https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42020187510 on July 5, 2020 [28].

Electronic search strategy

Databases were searched up from date of inception
(1975) to June 2020 (MEDLINE Ovid, EMBASE Ovid,
CINAHL-EBSCO, SCOPUS). Text words and MeSH
(Medical Subject Headings) terms for flow experience,
flow questionnaire, flow theory, positive psychology, neu-
rorehabilitation, neurological disease, stroke, traumatic
brain injury, multiple sclerosis and Parkinson’s disease
to identify intervention studies which used flow as out-
come parameter. References of the included studies were
screened for additional articles. The search strategy was
created by one author (KK) and peer reviewed by another
author (BO).

The PubMed search strategy was as follows: (flow
exp*) NOT (cereb* flow OR dyn* flow OR exp* flow OR
blood flow OR venous flow)) AND (stroke OR Parkinson
OR traumatic brain injury OR multiple sclerosis). The
search string was adapted appropriately for each database
(Additional file 1).

Eligibility criteria

According to PRISMA guidelines [26], the Population-
Intervention-Comparison-Outcome-Study Design
(PICOS) approach was applied to systematically define
the eligibility criteria. Inclusion and exclusion criteria are
presented in Table 1.

Table 1 Inclusion and exclusion criteria defined in the PICOS framework

Description

Inclusion/Exclusion criteria

Population
PD

Intervention
bilitation setting

Comparison  No control group or comparison is required
Outcome Outcome measured flow experience
Study design  Peer-reviewed studies are included

Patients with neurological disease such as stroke, TBI, MS and/or

Instrumented measurements to assess flow experience in a reha-

The study sample or a substantial number of subjects (minimal
50%) are represented in the study population. The patients
had to be adult. Studies with children and/or adolescents were
excluded

Studies that measured flow using a questionnaire were included.
Other ways of measuring flow, such as the Experience-Sample
Method or interviews were not included

Comparison to a clinical test, a control group or the effect of inter-
vention related to flow experience will be reported

The studies had to assess the construct Flow with reference to
Flow-theory by Csikzentmihalyi. Studies that measured intrinsic
motivation or any other construct of motivation or positive
psychology were excluded

No restrictions on the type of studies, including case studies, case—
control studies, cohort studies, randomized control studies and
non/randomized control studies

Articles published in languages other than English were excluded
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Selection of studies

Two reviewers (BO, KK) independently screened all
titles and abstracts for the eligibility criteria. The full
text papers of relevant studies were obtained if both
reviewers agreed for inclusion. Otherwise, a third
reviewer (TV) made the final decision. The search
results were imported into Mendeley Reference Man-
ager (https://www.mendeley.com) to further check for
duplicates. In addition, we obtained the original valida-
tion papers of each flow questionnaire. These validation
papers were used to critically appraise the validity, reli-
ability, and responsiveness of the flow questionnaires.

Results

The Electronic search strategy identified 911 records, of
which 22 were retrieved in full text for further assess-
ment. This resulted in the exclusion of another twelve
studies (Fig. 1). Ten studies were included in the review.
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Data extraction and assessment of methodological quality
The general characteristics of the included studies were
extracted as following: population (diagnosis, sample
size, age, gender), study design, intervention (therapeu-
tic activity in a rehabilitation setting), main outcomes
parameters, flow measurement and key findings regard-
ing flow experience. The results are presented in Table 2.
The characteristics of the flow questionnaires used,
such as the flow construct, mode of administration/
instruction, subscales (items) and response option were
extracted and are listed in Table 3. Furthermore, we
evaluated the measurement properties of the flow ques-
tionnaires by assessing the content validity (including
relevance, comprehensiveness and comprehensibility of
the construct, population and context of use in order to
apply the flow questionnaires in a neurorehabilitation
setting), construct validity (including structural valid-
ity, hypotheses testing, and cross-cultural validity), reli-
ability (containing the measurement properties internal
consistency and measurement error and test—retest) and

Records identified through database searching

PubMed (n=165); CINAHL (n=558); EMBASE (n=33); Scopus (n=151)

Additional records identified through other sources (n=4)

v

Records screened after titles and

abstracts

(n=59)

v

Records after duplicated removed

(n=22)

Records excluded (n=9)
Book chapter (n=1) (22)

v

Full text articles assessed for eligibility

Study with healthy participants (n=7)
((29-35)
Study protocol (n=1) (36)

v

(n=13)

v

Full text articles included in this study
(n=10)

Fig. 1 Flow diagram for study selection

> Full text articles excluded (n=3)
Did not use Flow questionnaires (n=3)

(37-39)
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Table 3 Characteristics of the included flow questionnaires
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Flow Questionnaire (Reference article) Construct

Mode of administration

Number of items Response options (Range)

FSS [4] Flow State

SFS [40] Flow State
CFS [40] Flow Core
Flow in human—computer interactions [11] Flow State
Flow State

FSSOT [41]

Overall appreciation questionnaires [42] Flow State

Recall (after training)

Recall (after training

Recall (after training)

Recall (after training)

Recall (after training Gameplay)

Recall (after training)

36 items 5-point Likert
1 (strongly disagree) to

5 (strongly agree)

9 items 7-point Likert
1 (strongly disagree) to

7 (strongly agree)

10 items 5-point Likert
1 (never/strongly disagree) to

5 (always/strongly agree)

12 items 7-point Likert
1 (strongly disagree) to

7 (strongly agree)

14 items 7-point Likert
1 (strongly disagree) to

7 (strongly agree)

9 items 5-point Likert
1 (never/strongly disagree) to

5 (always/strongly agree)

CFS Core Flow State, FSS Flow State Scale, FSSOT Flow State Scale for occupational tasks, SFS Short Flow Scale

responsiveness (the ability of the flow questionnaires to
detect change over time in the flow experience) follow-
ing the COSMIN guidelines [27]. We verified whether
the content of the questionnaires was an adequate reflec-
tion of the flow construct. For this purpose, we recorded
if the target population was asked about the relevance,
comprehensiveness, and comprehensibility of the flow
questionnaire (content validity). Regarding construct
validity, we examined if the scores of the flow question-
naire were an adequate reflection of the dimensionality of
the flow construct (structural validity). We also investi-
gated if the scores of the questionnaires were consistent
with hypotheses based on the assumption that the ques-
tionnaires validly measure the flow construct (hypotheses
testing). Additionally, we investigated if the performance
of the items on a translated or culturally adapted ques-
tionnaire were an adequate reflection of the performance
of the items of the original version of the questionnaire
(cross-cultural validity). The domain reliability refers to
the degree to which the measurement is free from meas-
urement error. For this reason, we reviewed the degree
of the interrelatedness among the items (internal con-
sistency) and the proportion of the total variance in the
measurements which was due to true differences between
patients (reliability). The results and the psychometric
properties’ rating criteria of the flow questionnaires are
presented in the Additional file 2. The Summary of Find-
ings (SoF) per measurement property, its overall rating
and the grading of the quality of evidence are presented
in Table 4. The COMSIN guidelines [27] were applied for
the rating of the SoF.

Different flow questionnaires and their use in neurological
diseases

The Flow State Scale (FSS) was used in patients with PD
[43] and in patients with MS [44]. Baker et al. (2015)
applied the Short Flow Scale (SFS) and the Core Flow
Scale (CES) [40] in patients with TBI. Van der Kulil et al.
(2018) used a self-developed overall appreciation ques-
tionnaire in patients with stroke, TBI and spinal cord
injury. Six items in this questionnaire were adapted
from the FSS and three items were further added. The
Flow State Scale for Occupational Tasks questionnaires
(FSSOT) was used by Yoshida Kazuki, et al. (2014; 2018)
in patients with TBI and was also used by Yoshida Ippei,
et al. (2018) in patients with stroke and spinal cord injury.
In contrast to these previous studies, which used known
questionnaires, Shin and colleagues (2014) used six dif-
ferent flow questions [45] in patients with stroke, which
were slightly adapted from another study done in TBI
[46].

The different flow questionnaires were mainly used
to get an overall impression of the flow psychological
state of neurologically impaired patients when they were
engaged in different training modes, such as upper limb
or lower limb training in patients with stroke [45]45, bal-
ance training in patients with MS [44] and PD [43], cog-
nitive training in patients with TBI [47, 48], and stroke
[42]. In seven out of the ten studies, as presented in
Table 2, serious games were used as therapeutic inter-
vention. The designs of the studies were either pilot and
explorative in nature, testing the usability of a new seri-
ous game [42, 43, 45, 47] or pilot Randomized Controlled
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Table 4 Summarized results of the measurement properties of the flow questionnaires in healthy subjects

Content Validity Construct Validity Reliability Responsiveness
Relevance Comprehensiveness Comprehensibility ~ Structural Hypotheses Cross- Internal Measurement
validity testing cultural consistency error
validity
Flow in human computer interactions [11]
@ - - - + +
(b) m m m
FSS [4, 14, 53-57]
() + + + + + +
(b) h h h h h
FSS Greek [55]
(@) + + - - ? -
(b) \ m I m
FSS Greek [56]
@ + + + - - ? +
(b) h h h m h
FSS Spanish [57]
@ + + - - ? ?
(b) m h m m
SFS [40]
(@) + + - - + +
(b) m h h h
CFS [40]
(@) + + - - - -
(b) m h h h
FSSOT [41]
(@) + + - + + +
(b) m h h h

h high, m moderate, / low, v/ very low, CFS Core Flow Scale, FSS Flow State Scale, FSSOT Flow State Scale for occupational tasks, SFS Short Flow Scale, (a) Overall rating;

(b) Quality of evidence

Trials (RCT) evaluating the preliminary efficacy of new
games [44, 46, 48].

Four usability studies measured flow in order to quan-
tify the level of immersion into the gameplay [42, 43, 45,
47]. Shin et al. (2014) developed a task-specific inter-
active, game-based virtual reality rehabilitation sys-
tem (RehabMaster) for the rehabilitation of the upper
extremities after a stroke. During the development
phase 20 stroke patients completed a six-item question-
naire adopted by [11] to test if they were engaged and if
the training was a positive experience, so that they were
motivated to continue. For all statements, the partici-
pants gave lower scores for the negative questions (e.g.,
“Using RehabMaster was boring for me”) and higher
scores for the positive questions (e.g., “RehabMaster was
fun for me to use”) on a 5-point Likert Scale [45]. The
participants indicated that the RehabMaster-based train-
ing and games maintained their attention, were enjoyable
and without eliciting any negative feelings [45]. Galna
et al. (2014) developed a computer game to rehabilitate

dynamic postural control for patients with PD using the
Microsoft Kinect. Also, during the pilot phase, flow expe-
rience was recorded from nine participants with PD by
means of the FSS questionnaire. The FSS was rated on a
5-point Likert Scale. The flow subscales “concentration”
showed the highest mean value across the participants
(Mean 4.56), followed by high scores of the subscales
“loss of self-consciousness” (Mean 4.14), clear goals
(Mean 4.22) and enjoyment (Mean 4.03). Lower flow
scores were found in the subscale “transience” (Mean
2.67) and action-awareness (Mean 3.11). Van der Kuil
et al. (2018) designed a cognitive rehabilitation therapy
for patients with acquired brain injuries in form of a seri-
ous game. The aim of the serious game was to aid patients
in the development of compensatory navigation strate-
gies by providing exercises in 3D virtual environments on
their home computers. During the testing of the software
application, questions about the general appreciation
were asked at the beginning and at the end of the experi-
mental phase. Van der Kuil et al. (2018) constructed an
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“overall appreciation questionnaire” of nine items rated
on a 5-point Likert scale. Six items were adapted from
the FSS and three items were constructed in the con-
text of a usability test. The highest scores were found in
the “attention” (Mean 4.79) and “concentration” items
(Mean 4.54). The item “control” presented the lowest
score (Mean 3.29). Yoshida K. et al. (2014) conducted an
exploratory case study with two patients with attention-
deficit disorder after TBI. Two types of video game tasks
for attention training were created. The first type of video
game was balancing levels of skill and challenge and gave
quick feedback about the score. In the second type of
video game, the level of the difficulty of the task was con-
stant and the participant received no information about
the goal or a score feedback. Patient A performed the
first type of video game for 14 days after receiving general
occupational therapy for 11 days. Patient B performed
the first type of video game for 15 days after performing
the second type of video game for 10 days. The FSSOT
was administered to identify the patient’s flow state.
The results for Patient A suggested that the first type of
video game was more effective than general occupational
therapy for improving attention deficits. The results for
Patient B suggested that the first type of video game was
more effective than the second type of video game.

Five RCTs measured flow in intervention groups and in
control groups. Three RCTs used video games and actu-
ally compared levels of flow between the intervention and
control group (Wii Fit " vs. traditional balance training in
patients with MS [44]; or Mobile Game—Neuromuscular
Electrical Stimulation (NMES) vs. Conventional NMES
in patients with stroke [46] and Yoshida K. et al. (2018)
compared flow in an attention gameplay intervention in
patients with traumatic brain injuries. In Robinson et al.
(2015) the intervention group that trained balance with
Wii Fit"' showed significantly higher flow scores in the
flow subscales clear goals (p=0.05), concentration on
the task (p=0.03), unambiguous feedback (p=0.04),
action awareness merging (p=0.03) and transformation
of time (p=0.001) than the control group [44]. Like-
wise, the hand-wrist and foot—ankle training with serious
games presented significantly higher scores in atten-
tion (p<0.05), curiosity (p<0.05) and intrinsic interest
(p<0.05) compared to the control group which was not
playing serious games [46]. Both previous RCT’s focused
on videogames based on physical training, whereas the
third RCT by Yoshida K. et al. (2018) investigated flow
during cognitive training. They examined whether the
intervention group during a serious game for attentional
training by adapting the challenge to the patient’s skill,
gave clear goals and prompt feedback about the score.
The level of the difficulty of the task was constant in the
control group and they received no information about
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the goal or score feedback. The study population in this
RCT had a traumatic brain injury at least 6 months ago.
The researchers stated that the FSSOT score was sig-
nificantly higher in the intervention group than in the
control group. Both groups showed a positive associa-
tion between the increase in the composite score of the
attention tests [Trail Making Test (TMT), Symbol Digit
Modalities Test (SDMT), Paced Auditory Serial Addi-
tion Test (PASAT)] and the FSSOT score. Although the
correlation coefficients presented a large effect, the cor-
relations were not significant (Flow: r=0.456, p=0.21;
Control r=0.554, p=0.9). The total of the Moss atten-
tion rating scale (MARS) demonstrated no association
with the FSSOT score, except one subitem that obtained
a significant negative correlation (sustained/consist-
ent attention, r=0.51, p<0.05). Two RCT’s by Yoshida
L. et al. (2018; 2019) did not use videogame-based train-
ing but consciously adapted the challenge to the abili-
ties during occupational therapy (OT) in patients with
cerebral, spinal disease [49] and older adults with vari-
ous neurological disease [50]. Attention was paid to an
optimal challenge-skill balance when performing activi-
ties of daily living (ADLs) such as eating, laundry, cook-
ing, shopping, etc. The training was adapted so that in the
interventions group the participants and the therapists
quantified and shared the task performance based on a
scale of challenges and skills and adjusted the require-
ments for the task accordingly. On the other hand, in
the control group the challenge-skill of the trained ADLs
was not adjusted over the training sessions. In the 2018
paper there were 10 sessions, once a week and train-
ing focused on just one activity, evaluated and selected
after filling out the Canadian Occupational Performance
Measure (COPM) [51]. The COPM is a personalized, cli-
ent-centred instrument designed to identify the occupa-
tional performance problems experienced by the client.
Using a semi-structured interview, the therapist initiates
the COPM process by engaging the client in identifying
daily occupations of importance that they either want
to do, need to do, or are expected to do but are unable
to accomplish [51]. In the 2019 study, the participants
selected not one, but several ADLs based on the outcome
of the COPM as treatment goals. Treatments in each
group comprised sessions lasting 40—60 min, conducted
six times per week. In both RCT’s flow experience was
measured pre- and post-treatments with the FSSOT. In
the first RCT [50] there was a highly significant interac-
tion effect for flow (p=0.008, d=0.82), in favour of the
adjusted challenge-skill OT, as compared with the con-
trol group. This interaction was not confirmed in their
follow-up study (p>0.05, d=0.31) [49].

Similar to Yoshida I. (2018, 2019), Baker et al. (2015)
also did not use videogame based training but explored if
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song writing interventions for patients with TBI and spi-
nal cord injuries in the early phase of neurorehabilitation
would support a change in self-concept and well-being
[52]. By means of a non-randomized repeated measures
design, they found that flow scores were very high after
the intervention. However, these scores did not signifi-
cantly correlate with self-concept Head Injury Semantic
Differential Scale (HISDS) (State Flow Scale r=— 0.10;
p>0.05; Core Flow Scale r=0.02; p>0.05) nor with 7
different well-being measures evaluating sense of flour-
ishing, life satisfaction, coping, affect, depression, and
anxiety (State Flow Scale r=between — 0.40 and 0.43;
p>0.05; Core Flow Scale r=between — 0.24 and 0.32;
p>0.05).

Psychometric properties of flow questionnaires

The Summary of Findings (SoF) per measurement prop-
erty, its overall rating and the grading of the quality of
evidence are presented in Table 4. The COMSIN guide-
lines [27] were applied for the rating of the SoF and were
as following: [Overall Rating: sufficient (4), insufficient
(—), undetermined (?); Quality of Evidence high (h),
moderate (m), low (1), very low (Ilw)]. If a measurement
property was not analysed or not reported, the rating box
remains empty. The rating criteria for good measurement
properties and for the quality of evidence are presented
in the Additional file 2.

Content validity

Content validity including relevance, comprehensiveness
and comprehensibility was assessed for the FSS and for
FSSOT. Jackson et al. conducted two qualitative studies
with elite athletes [58, 59] prior to the development of the
ESS. The SES and CES were also developed by the Jack-
son Group with the intention of creating a short version
of the FSS and DFS, respectively. Yoshida K. et al. (2013)
tested the FSSOT in the development phase by experts
on flow theory. Both Jackson et al. (1996) and Yoshida K.
et al. (2013) conducted pilot-testing before the validation
procedure.

Structural validity

Structural validity, by means of confirmatory and internal
consistency was determined in all flow questionnaires.
All studies presented good internal consistency (Cron-
bach alpha above 0.70). Confirmatory factory analysis
was performed in all flow questionnaires. Taking the
strict COSMIN guidelines [27] into account the CES
questionnaire fulfilled the parameters requested by the
COSMIN guidelines (CFI or TLI>0.95 OR RMSEA <0.06
OR SRMR<0.08), the SES, ESS and FSSOT had parame-
ters approaching closely these cut-offs, so validating high
quality of evidence. The questionnaire by Webster et al.
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(1993) showed considerably lower scores, pinpointing to
moderate quality of evidence.

Cross-cultural validity

The FSS was cross-culturally validated in Greek [55, 56]
and in Spanish [57]. They all followed standard back
and forward translation procedures. Stavrou and Zer-
vas (2004) tested a second FSS-Greek version, since the
first one done by Doganis et al. (2002) indicated rather
a moderately fit to the data, whereas the internal con-
sistency (Cronbach alpha) was below 0.70 for some of
the FSS subscales (action-awareness merging=0.34,
concentration on task at hand =0.64, transformation of
time =0.67). The FSS-Greek version by Stavrou and Zer-
vas (2004) presented an internal structure validity rang-
ing from Cronbach alpha of 0.75 to 0.92 (mean=0.82)
and a closely fit to the cut-off’s parameters requested by
the COSMIN guidelines. The Spanish version of the FSS
presented a good internal consistency (Cronbach alpha
above 0.70) and the structural validity was tested with a
confirmatory factory analysis, demonstrating a close fit to
the cut-offs parameters [57].

Construct validity

Construct validity, by means of convergent validity, was
assessed for the FSSOT total scores, showing signifi-
cant negative correlations with the total score of State-
Trait Anxiety Inventory (STAI) (r=-— 0.537, p<0.01)
[41]. Jackson et al. (1998) examined psychological cor-
relates of state flow in a separate study than the original
validation paper [4]. Significant associations were found
between the variables FSS total and perceived athletic
ability (PSA) (r=0.33, p<0.01); total anxiety (A-SUM)
(r=— 0.34, p<0.01) and intrinsic motivation to experi-
ence stimulation (IMSTIM) (r=0.25, p<0.01). A series of
external validity analyses was conducted for the SFS and
CFES by Martin et al. (2008) for each subdomain “work’,
“sport” and “music” in SFS and “general school’, “math-
ematics” and “extracurricular” in CFS with the Motiva-
tion and Engagement Scale (MES), which includes the
following key correlates: participation (SFS: mean r 0.74—
0.90; CFES: mean r 0.25-0.56), enjoyment (SFS: mean r
0.73-0.89); CFS mean r 0.13-0.71), buoyancy (SFS: mean
r 0.68-0.81; CFS: mean r 0.15-0.42), aspirations (SFS:
mean r 0.71-0.81; CFS: mean r 0.12-0.68), adaptive cog-
nitions (SFS: mean r 0.72—0.82; CFS: mean r 0.23-0.74),
adaptive behaviours (SFS: mean r 0.59-0.70; CFS: mean r
0.18-0.83), impeding/maladaptive cognitions (SFS: mean
r — 0.37 to — 0.59; CFS: mean r — 0.10 to — 0.23), and
maladaptive behaviours (SFS: mean r — 0.47 to — 70;
CES: mean r — 0.15 to — 0.79). The SES presents higher
correlations with the MES than the CEFS. Significance of
the correlations was not reported.
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Table 5 Interpretability and feasibility of the included flow questionnaires

PROM Floor and ceiling effects ~ Completion time  Copyright Costs of instrument Contact information
Flow in human- nr A couple of min - No copyright Free to use Appendix A of [11]
computer
interactions
FSS nr 10 Min © 2010 by Susan A. Manual $50.00 https//www.mindgarden.
Jackson $ 250 per questionnaire com/100-Flow-scales
(minimum purchase of
20 questionnaires)
SFS nr 5 Min © 2010 by Susan A. Manual $50.00 https//www.mindgarden.
Jackson $ 250 per questionnaire com/100-Flow-scales
(minimum purchase of
20 questionnaires)
CFS nr 5 Min © 2010 by Susan A. Manual $50.00 https//www.mindgarden.
Jackson $ 250 per questionnaire com/100-Flow-scales
(minimum purchase of
20 questionnaires)
FSSOT 2 items with ceiling effect 2 Min © 2013 by Kazuki Yoshida  Free in scientific research  Appendix of [41]

were removed, no floor
effect

CFS Core Flow State, FSS Flow State Scale, FSSOT Flow State Scale for occupational tasks, nr not reported, SFS Short Flow Scale

Reliability

None of the identified studies investigated reliability
(test—retest), measurement error, criterion validity or
responsiveness of the flow questionnaires. As far as we
know, none of the flow questionnaires have been tested
for their psychometric properties in neurologically
impaired people.

Interpretability and feasibility of the included flow
questionnaires

Floor and ceiling effects, completion time and costs of
instrument and contact information of used outcomes
measuring flow are listed in Table 5.

Discussion

The aim of the present study was to identify and sys-
tematically review current literature on flow experience
assessed in patients with neurological diseases such
as stroke, TBI, MS and PD. In addition, we critically
appraised, compared and summarized the measurement
properties of self-reported flow questionnaires used in a
neurorehabilitation setting.

Flow experience in patients with neurological disorders
has so far been measured in only a few studies, some of
them very pilot in nature, being usability studies, other
were RCTs, and mostly related to serious gaming [42—
45, 47, 48]. One aim of such interventions is to achieve
an optimal flow state of the patient, possibly creating an
optimal learning environment to improve either physical
and/or cognitive functions (being for example improving
balance, or attention). Flow questionnaires are one way to
capture this flow state, since the patient is, immediately

after the intervention, asked for his or her experiences. In
this way, the clinician gets an overall impression whether
the patient was in an optimal psychological state of flow
or not. Our systematic review demonstrated that six flow
questionnaires were used so far.

However, psychometric properties of these question-
naires were established only in athletes and other healthy
populations so far, and not in neurologically impaired
patients. Latter population often suffer from cognitive
problems (disturbed vigilance, working memory deficits,
language comprehension difficulties) which may impact
the assessment of flow.

The FSS and FSSOT appear to be good candidate ques-
tionnaires, based on their good psychometric validity
properties in healthy subjects. The FSSOT, compared
to the FSS, requires less administration time so prob-
ably being more feasible for neurologically impaired
patients, taking mild cognitive deficits into account.
Besides proper validation, reliability measures such as
test—retest, measurement errors will have to be estab-
lished as well because these reliability measures give an
overall impression about the stability of item responses.
A final aspect will be to evaluate the internal (the ability
to measure change over time) and external responsive-
ness (the extent to which changes in a measure relate to
corresponding changes in a reference measure) of these
flow questionnaires. Only when these psychometric
properties are well defined the outcome of flow question-
naires can be better interpreted in either usability studies
or RCT'’s.

The investigation of flow experience in neurologi-
cal patients started at about the same time as the
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development of serious games for rehabilitation therapy.
The integration of motivational strategies in the form of
“gamification” is one of the benefits of the new therapy
options [19, 60]. The expectation of such therapy pro-
grams is that they will strengthen compliance with repet-
itive high-dose functional training programs [19, 60]. The
game developer’s aim is to bring the patient into a flow
state that leads to an optimal gaming experience [61].
They expect to foster the engagement through the gami-
fication of the therapeutic exercises and at the same time
give the therapist the possibility to control and custom-
ize the levels of complexity of the rehabilitation train-
ing. Seven of the ten included studies measured flow
experience in the context of serious games in patients
with stroke, PD, MS and/or TBI [42-48]. Flow experi-
ence was mainly assessed in the context of usability stud-
ies in newly developed serious game therapy programs
for rehabilitation purposes [42, 43, 45, 47]. Our review
showed that total flow mean scores between 3.76 and
4.33 points on a 5-point Likert scale were achieved in all
studies when serious games were used as physical-ther-
apeutic exercises [42—-46] compared to control groups
without serious games, these flow mean points reached
3.65-3.76 [44, 46]. It turns out that therapeutic interven-
tions with a game-like character stimulate concentra-
tion and enjoyment. This assumption was substantiated
as flow experience was higher in game therapy versus
conventional therapy, shown in two intervention studies
investigating balance with Wii FIT"" [44] and hand wrist,
foot ankle training with serious games [46] (Table 1). An
advantage of rehabilitation therapy with a game charac-
ter is that the goals and the rules of the task of the game
are clearly defined. In addition, players receive immedi-
ate feedback of performance as to whether the task was
performed correctly or not, a key element of the motor
learning theory [57]. This, in turn, allows the movements
to be deliberately adjusted in line with performance. If
these components are appropriate, this also has a posi-
tive effect on concentration. In the principles of motor
learning, feedback, but also the ability to concentrate on
a task, and the motivation to perform an exercise, are
essential for learning new motor skills [62, 63]. Therefore,
we assume that positive flow experiences during physical
exercises support motor learning. From this perspective,
it makes sense to measure flow experience in the devel-
opment and testing phase of new therapy games. In this
way it is possible to determine which adjustments should
be made, e.g., to define the goal or the rules of the appli-
cation more precisely.

Whether flow experiences ultimately had a posi-
tive effect on the physical outcome parameters was not
investigated in these studies. Three studies from Japan
explored in TBI patients and older adults with various
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neurological diseases whether flow experience had an
effect on attention [48] and health related quality of life
[49, 50]. In a small RCT (n=20), Yoshida K. et al. (2018)
created two types of attention demanding serious games
exercises, the flow task and the control task. The control
task maintained a constant level of task difficulty regard-
less of the patient’s skill and did not give any goal and
feedback about the score. Both tasks had identical con-
tent, except that the flow task was designed to induce
flow by increasing task difficulty according to patients’
skill and giving clear goals and quick feedback about the
score. Yoshida and colleagues (2018) referred to the Flow
Theory of Nakamura and Csikszentmihalyi (2009), sug-
gesting that three key characteristics of the flow theory
(challenge-skill balance, clear goals and feedback) are
essential to generate flow experience and that these char-
acteristics are externally controllable. They found sig-
nificantly (p-value not reported in the paper) higher flow
total values in the intervention group (flow task) com-
pared to the control group (control task) [48], suggesting
that the way a serious game is designed, with regard to
its task difficulty, can positively affect the flow state of a
patient. Both groups showed a positive, but non-signifi-
cant association between the increase in the composite
score of cognitive attention tests (TMT, SDMT, PASAT)
and the FSSOT total score (Flow: r=0.456, p=0.21;
Control r=0.554, p=0.9) [48]. The lack of significant
correlation, between attention and flow test scores may
be explained by the pilot nature and small sample size of
this RCT. Regardless, the fact that the flow psychological
state was amenable to task difficulty gave a first indica-
tion that the state of flow may facilitate training, being
worthwhile to investigate in further studies.

In two larger RCT’, both conducted by Yoshida
I. (2018, 2019), the outcomes of both RCT’s differed
regarding the effect of the training on flow. While in
their first RCT significant effects on flow, in favour of
the experimental OT were found, this was not the case
in their follow-up RCT. The reason for this discrepancy
may be twofold. Firstly, in their first RCT the focus was
on one activity and not on multiple ADLs, as in their
second RCT. Presumably, in a rehabilitation setting, the
focus is on improving the skills of one activity at a time
rather than several at once. Therefore, it may be easier
for participants to experience flow. For achievement of
performance competence is a process that takes time,
practice, and thorough skill development until the opti-
mal performance of the skill (referred to as mastery) is
characterized by an obvious ease and grace [2]. Accord-
ing to Flow-theory, to attain this state, an optimal balance
between challenge and skill during training is crucial
[36, 49]. This is because anxiety is experienced when
challenge exceeds ability, and boredom is experienced



Ottiger et al. J NeuroEngineering Rehabil (2021) 18:65

when ability exceeds challenge. Thus, it can be said that
the better the challenge is matched to the ability and
the expertise in performing is increasing, the easier it is
to experience flow, as shown in other studies [6, 7, 64].
The second reason may lie in the much higher baseline
flow levels the patients had in the second RCT, as com-
pared with the flow levels of the patients in the first RCT,
therefore leaving almost no room for further improve-
ment. Irrespective of the discrepancy of results between
both RCTs, the fact that patients could improve their
flow by means of an adjusted challenge-skill OT training,
by focusing on one specific ADL task is promising. One
could explore, in future studies, for example the effects of
improved flow on upper limb skills by doing challenge-
skill ADL training, and this in different contexts, so the
patient gets into high levels of flow.

Six different flow questionnaires were applied in these
studies, leaving the question open which one to be taken
for future validation in neurologically impaired patients.
Based on their good psychometric properties in healthy
subjects, both FSS and the FSSOT seem to be good can-
didates. The flow questions in the FSS are strongly related
to concepts in the field of sport, and its administration
time is rather long, (36 items). Therefore, feasibility might
be questionable, especially if one considers the rather
busy schedules of clinicians working in neurorehabilita-
tion facilities. Subsequent shorter versions of the FSS
were developed, being the SFS and CFS [40]. Still, the
authors do recommend combining these measures when
evaluating flow, which may be impractical. Furthermore,
the flow questions are still very much related to the con-
text of sport psychology, and less for neurorehabilita-
tion purposes. This might also explain why, for example,
Van der Kuil et al. (2018), for their study in patients with
acquired brain injury, used 6 items of the FSS and then
adapted them content wise, to make it more comprehen-
sible and applicable for these patients’ group.

With regard to the FSSOT, its 14-item length seems
more feasible as compared to the longer FSS. Further-
more, having been used already in two RCT’s to assess
flow experience after challenge-skills based ADL train-
ing [49, 50] and in one RCT to assess flow experience in
attentional training in patients with neurological impair-
ments [48], this questionnaire seems to be best candidate,
and worthwhile to be properly validated in these patient
groups. Depending on other contexts, such as upper limb
virtual reality or robotic-assisted training, the questions
of the FSSOT can be further adapted in the light of differ-
ent cultural backgrounds.

Limitation
A possible limitation of this review was that we could not
present a quality assessment of study design, since both
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exploratory, non-randomized as well as randomized tri-
als were included. Another limitation is that we included
studies in patients with various neurological disorders
that affect overall study population homogeneity. Hence,
one has to be careful in comparing the results of these
studies directly. Finally, publication bias may be pre-
sent, as well as a language bias, given that we consid-
ered only flow questionnaires described in predefined
databases and restricted our search to English language
publications.

Conclusion

To sum up, the present review indicates that flow expe-
rience is increasingly measured in the physical/cogni-
tive rehabilitation setting in patients with neurological
disease such as stroke, TBI, MS and PD. Flow experience
was mainly measured immediately after a therapeutic
intervention that aimed to improve physical or cogni-
tive functions with serious exergaming. In seven out of
ten studies in which new games for therapy were devel-
oped, patients flow experience was measured to find out
to what extent they were engaged to the new games [42—
48]. The other three studies assessed flow during occupa-
tional therapy when practicing ADL’s [49, 50] and during
music therapy [52]. Six different flow questionnaires were
applied in these studies. None were specifically validated
in patients with neurological diseases. Therefore, the psy-
chometric properties of used tests for measuring flow
experience are lacking and will have to be evaluated in
future studies. For exergame developers working in the
field of physical/cognitive rehabilitation in patients with
neurological diseases, a valid flow questionnaire can help
to further optimize the content of the games so that opti-
mal engagement can occur during the gameplay.
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