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ABSTRACT

1.

Exercise video games have a recognized potential for use as
tools for effective exercise. Current exergames do not consistently strike a successful balance between the ”fun gameplay” and ”effective exercise” aspects of the ideal exergame.
Our research into exergame design addresses the question
of what balance between an exergame’s physical exertion
and gameplay challenge is most successful from a user experience perspective. We have applied existing gameflow
research and established exercise guidelines, such as those
published by the American College of Sports Medicine, to a
collection of four custom exergames: Astrojumper-Intervals,
Washboard, Sweet Harvest and Legerdemain implement fullbody motion mechanics that support different types of exercise, and vary in game complexity and level of physical
challenge. This paper will present data collected on players’
flow experiences and changes in mood state as a result of
play, along with player feedback. We will compare the psychological responses to each of these games and discuss the
importance of challenge-type balance as an exergame design
consideration.

The ideal exergame is both fun and effective. It should
involve sufficient physical activity to contribute towards improving or maintaining some aspect of fitness, and gameplay
should be an enjoyable experience that immerses players in
an activity, encouraging them to complete and replay games.
Literature that discusses the design of successful player experiences in traditional video games often mentions the concept of ”flow” as an optimal play state, attained by allowing
a player to constantly make interesting strategic decisions
regarding game challenges and thereby exercise their skills
within the game, and rewarding them for doing so [4]. Challenges can be seen to have two sides: the amount of cognitive
effort required to overcome them and the pace at which the
game presents them; the appropriate balance between these
is dependent on player skill [19]. Exergames add another
dimension to the problem of balancing challenge and skill.
While it is still necessary to consider the cognitive demands
of challenges presented by the game and how players’ development of game-playing skills and strategies will be enabled,
exergame designers must additionally consider the physical
demands of the game and what forms or degrees of exertion
players will engage in to meet them. Sinclair et al. [15] touch
on this problem in their discussion of exergame attractiveness and effectiveness; respectively, the cognitive and physical dimensions of exergame-play. Of exergames’ principal research challenges, attractiveness-effectiveness balance is perhaps one of the most important as an exergame’s success in
both areas directly affects its ability to motivate repeated
play: it seems reasonable to believe that a game which is
neither fun nor able to assist with a player’s exercise goals
will not be played often, but exercise must be performed
regularly in order for health benefits to be obtained.
Flow in gaming is an active research subject, and also discussed in the literature is the lack of both theoretical and
empirical understanding of how body movement as a method
of interaction, which is relevant to the area of exergame design, affects the user experience in a video game context [11,
5, 14]. Our research relates to both of these areas. We have
developed a set of exergames and exergame prototypes that
implement experimental game mechanics and support different types of exercise with full-body physical interactions
that are an integral part of the game experience, and have
examined how existing concepts of flow and game balance
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INTRODUCTION

work when applied to these games. The exergame comparison study presented in this paper focuses on discovering
insights into the balance of exertion and gameplay that is
most successful from a player experience perspective.

2.

RELATED WORK

A recent workshop paper [18] touched on the gaps in
our knowledge of player experiences when playing traditional video games, and briefly discussed the different ways
in which the player experience can be viewed, which include
subjective feelings during play, motivations to play video
games, and the potential impact that different game designs
or content may have on the experience. Exergames, which
add a physical aspect to gameplay, present additional questions regarding how play is experienced. When examining
player experience, Chen [12] states that the concept of flow
is used often because of the intuitive relationship between
challenge and ability.

tion to evaluating players’ physiological responses to these
games using such measures as heart rate, energy expenditure and perceived exertion ratings, we also collected data
on psychological responses, including flow experiences and
mood state changes. The psychological aspect of players’
responses to our exergames is the focus of this paper.

3.

EXERGAMES

Our exergames, which include Astrojumper-Intervals, Legerdemain, Sweet Harvest and Washboard, each involve a
different type and amount of physical challenge, and different level of game complexity. All games were developed for
the PC, using the OpenSceneGraph graphics engine and the
Microsoft Kinect for full-body tracking, with position and
orientation data from the player skeleton detected using the
Flexible Action and Articulated Skeleton Toolkit (FAAST)
[9].

3.1

Astrojumper-Intervals

Several studies by educational game researchers have gone
beyond suggesting flow as a useful construct, and have looked
at the benefits of serious games that promote flow, linking
it to positive learning outcomes [6, 13, 7, 16]. Flow has
also been connected to increases in positive affect [24], and
this is relevant since other studies have shown that positive
affect can impact motivation to participate in exercise activities [25, 23]. While multiple studies of player experience
in traditional video games have been conducted using variations of the flow concept [17], fewer researchers have used
exergames in similar flow studies.
One such study was conducted by Thin et al. [2] comparing the play experiences of 14 young adult males participating in exergame activities and a cycling exercise. Six different exergames were used, including two Sony PS2 games
that utilized the EyeToy camera, and four Wii games that
utilized the Wiimote controllers (tennis and boxing) and the
balance board (step aerobics and hula hoop games). Participants engaged in these games and the cycling exercise
in random order, for approximately six minutes each with
three-minute breaks in between. In the breaks between each
activity participants responded to several visual analogue
scales that evaluated their perceived game difficulty and
mood state. Once all activities were completed, participants
were given Jackson and Eklund’s Flow State Scale-2 (FSS2) [21] questionnaire in order to measure the extent of flow
experienced throughout the study. The multiple short activity sections, each involving different equipment and separated by rest breaks and scale questions, may have negatively affected the quality of data gained from the FSS-2
questionnaire, but the authors did have several notable results. Interestingly, flow scores from the FSS-2 were found
to be closest to published values for sports, as opposed to
traditional exercise or dance. When compared with published mean scores for exercise activity or dance, the flow
dimensions of challenge-skill balance and action-awareness
merging were significantly higher for exergames.
Our four exergames, which are described in the following sections, were developed as individual experiments into
game mechanics and creative movement types that could
effectively support different forms of physical activity, as
might be required by a balanced workout program. In addi-

Figure 1: Astrojumper-Intervals Gameplay Screenshots
In Astrojumper-Intervals [1], planets fly through space toward the player who must move from side to side, jump,
or crouch to dodge them. The player earns bonus points
and score multipliers by hitting bright gold planets that are
mixed in with the obstacle planets. The game focuses on
aerobic activity, and is structured to include a beginning
warm-up phase, a main exercise phase, and a final cool-down
phase in accordance with the ACSM’s guidelines for workout stages [3]. During the warm-up phase, planets initially
move very slowly and gradually speed up. This is reversed in
the final cool-down phase. At intervals throughout the main
exercise phase, players are presented with higher-difficulty
physical challenges in the form of three different mini-games
(pictured in Figure 1). During these mini-games, players
make rapid punching or throwing motions to shoot lasers at
waves of UFOs, move quickly to hit patterns of flying stars,
or jump or crouch to avoid approaching rows of asteroids.

3.2

Legerdemain

Legerdemain is a wizard duel-themed game that supports
a combination of aerobic activity and anaerobic exercise in
the form of light to moderate upper-body strength training
for muscular endurance. In Legerdemain, players attempt to
defeat a series of different opponents by casting spells. Resistance training mechanics let the player cast spells by moving their hands in specific patterns while wearing weighted

Figure 2: Legerdemain Gameplay Screenshot
wristbands, where the amount of weight used is factored into
the player’s spell casting power. Traditional weightlifting
exercises like pulldowns, curls or extensions use a variety of
movement types in order to work different muscle groups and
the game’s spell patterns were chosen to encourage similar
variety, but were also modified to require movement across a
larger physical space while playing. Vertical movement was
emphasized to bring about the exertion that comes from
lifting weight, and the movements needed to hit all parts
of a spell pattern could have players leaning or crouching
down to bring their hands near the ground, or reaching up
above their heads. The result is that aspects of the game’s
workout are more functional, involving movements that do
not replicate traditional exercises, but are closer to those of
everyday activities. In addition to moving across the play
space to complete spell patterns, other aerobic activity may
occur as players duck under or dodge around projectile spells
cast at them by the game opponents. Legerdemain consists
of a beginning tutorial section followed by three levels that
are each at most five minutes in length. Players earn points
based on the amount of time that passes in the game and
on how well they are performing relative to the game opponent. Each level presents a different game opponent, with
different abilities and behaviors that gradually increase the
game’s difficulty.

3.3

Figure 3: Sweet Harvest Gameplay Screenshots

inside the bounds displayed at the bottom of the screen,
and are not allowed to collect any fruit if they step out of
bounds. This prevents players from simply moving from side
to side to get closer to fruit that appears farther away from
them. Throughout the stretching activities, a swarm of bees
is visible flying across the top of the screen. If the player
moves too quickly while collecting fruit, the bees will fly
down toward the fruit, and if the player continues moving
quickly the bees will steal the fruit and the player will lose
points; this is intended to encourage slower, more deliberate
stretching motions.

3.4

Washboard

Sweet Harvest

Sweet Harvest is a warm-up game that includes a series of
light-intensity stretching and aerobic activities, all of which
increase slightly in difficulty each time they repeat throughout a play session. Three of the activities are different types
of stretches: in two of these, apples and bananas appear in
a line on the screen, either at shoulder height where players are then prompted to use alternating arms and reach
across the body to collect the fruit, or at knee height, where
players step to one side and bend their knee in a side lunge
to collect fruit. In the third stretch activity, fruit falls on
both sides of the screen and players reach both arms out to
the side to catch as many as they can. In addition to the
stretches, a fourth activity involves a swarm of ants moving
toward the player, who holds a fruit basket in their hands
during this stage and must move or jump around in order to
kick the ants away with their feet before the ants reach the
basket. This activity adds variety to the gameplay and is
intended to encourage more movement and increase players’
heart rates.
The game utilizes several other mechanisms to encourage
actual stretching. For example, players must keep their feet

Figure 4: Washboard Gameplay Screenshot
In Washboard the player does sit-ups to control the position of a floating spiky creature, seen on the left side of the
screen in Figure 4. For our study, the Kinect was positioned
above the player in such a way as to be able to detect the
player’s head throughout the up and down motions of a situp, and if the player was sitting up fully the creature was at
the top of the screen, and at the bottom of the screen if the
player was fully reclined. The goal of this game is to earn
points by moving the creature to collide with the balloons
that move across the screen from right to left, with the additional, optional goal of earning bonus points by avoiding
the diamonds that also move across the screen. The game
lasts for a total of five minutes. The gameplay and goals are
straightforward, but different forms of sit-up exercises that
improve the variety of gameplay are prompted by altering
the patterns of balloons that appear on screen.

4.

PLAYER EXPERIENCE STUDY

Astrojumper, Legerdemain, Sweet Harvest and Washboard
were developed using the same approach to exergame design,
where gameplay was built around a targeted form of exercise and gameflow theory, but all differ in the complexity of
their rules and level of physical challenge presented. Figure
5 demonstrates how the gameplay complexity and physical
challenge level of each game may be compared in relation to
one another, where the ”game complexity” ordering is based
off of the number of gameplay rules implemented, and the
”physical challenge” ordering is based off of physiological
data collected from participants (e.g. ratings of perceived
exertion and energy expenditure data, not included here as
the focus of this paper is the psychological aspect of the play
experience).

Figure 5: Relative Game Complexity and Physical
Challenge of Exergames
Washboard has the simplest gameplay, and presents the
most difficult physical challenge: the only requirement is
to hit balloons that move across the screen, but the sit-up
movements required to accomplish that goal, and to continue to do so throughout the game session, can become
very strenuous. Sweet Harvest’s goals are nearly as straightforward, as the instructions and fruits that appear on the
screen guide players through each motion; however in contrast to Washboard, the physical demands of Sweet Harvest’s gameplay are very low. The game goals presented by
Astrojumper-Intervals are also relatively easy to understand
(e.g. dodge objects) but their variety adds some complexity,
and the aerobic movements required to play successfully over
a 15-minute play session are moderately strenuous. Finally,
the intensity of exertion necessary to do well in Legerdemain
can nearly match that of Astrojumper-Intervals, especially
with the use of weights as in the user study, but the larger
number of game rules and the need to adapt to different
opponent strategies results in Legerdemain being the most
complex of the four games.
In this study, we wanted to investigate any impact the
characteristics of game complexity and physical challenge
level, or any particular game elements, had on player reactions and experiences. To do so we examined trends in player
feedback and used two quantitative measures, the Flow State
Scale-2 (FSS-2) [21] and the Positive and Negative Affect
Schedule (PANAS) [8]. The FSS-2, used to examine the extent to which exergame players experienced flow, consists of
36 items asking respondents to indicate their level of agreement with various statements relating to nine dimensions
of flow: challenge-skill balance, action-awareness merging,
clear goals, unambiguous feedback, total concentration on
the task at hand, sense of control, loss of self-consciousness,
transformation of time, and autotelic (intrinsically rewarding) experience. The FSS-2 was originally developed to measure flow experiences in sport and performance settings and

while there is a more general version of the instrument, the
version we used was the original, which was recommended
for use in a movement-based context [21, 22]. Additionally,
in order to examine changes in players’ mood states resulting from participation in an exergame, players were given
the Positive and Negative Affect Schedule (PANAS) [8] before and after playing the game, in which they were asked
to state their feelings at the present moment.

4.1

Procedure

Volunteer participants were recruited from among the university student population, and studies were conducted on
an individual basis in a research lab, in sessions lasting 3050 minutes. All participants filled out a demographic survey
and the PANAS, after which they played one of the four exergames: either Astrojumper-Intervals or Legerdemain for
approximately 15-20 minutes, or Washboard or Sweet Harvest for 5-10 minutes. Following the game, they were given
the FSS-2 questionnaire, followed by the post-game PANAS
and a final survey where they were asked to freely respond
to questions about their favorite parts of each game and
suggestions they had for improvements.

4.2

Participant Characteristics

Figure 6 summarizes several characteristics of the study
participants, grouped by exergame condition. Participants
were asked to self-rate the amount of activity (not necessarily exercise) present in their daily life on a 7-point scale (1 =
”Not active at all,” 7 = ”Extremely active”), and also state
the number of hours spent playing video games per week on
a 5-point scale (2 = ”1-3 hours per week,” 3 = ”4-6 hours
per week”). No significant differences in participants’ average age, rating of lifestyle activity level, or hours per week
spent gaming were found between the groups for each game
condition.

Figure 6: Participant Characteristics
Flow dimension score results were calculated according to
instructions in the FSS-2 manual, and are displayed in Figures 7 and 9. The lowest possible score for a flow dimension
is 1 (the participant did not experience the aspect of flow),
and the highest possible score is 5 (the participant did experience the aspect of flow). A score of 3 may indicate some
degree of agreement or, alternatively, ambiguity of relevance
to the person’s flow experience; we will generally regard it
as not strongly showing that a dimension of flow was or was
not felt as part of the experience [22].

Figure 9: Comparison of mean flow dimension scores
from Figure 7

Figure 7: Means and standard deviations of item
scores for each flow dimension, for individual exergames

balance than exercise (p = 0.015) and sports (p = 0.006);
and Washboard scored better in clear goals than exercise (p
= 0.019) and better in feedback than sports (p = 0.032).
All games individually scored better in concentration than
exercise (Astrojumper p = 0.025, Legerdemain p < 0.001,
Washboard p < 0.001, Sweet Harvest p = 0.002) and sports
(Astrojumper p = 0.029, Legerdemain p < 0.001, Washboard p = 0.001, Sweet Harvest p = 0.003). Sweet Harvest
and Washboard scored better in sense of control than exercise (Washboard p = 0.016, Sweet Harvest p = 0.014) and
sports (Washboard p = 0.002, Sweet Harvest p = 0.001).
Finally, Sweet Harvest scored lower than exercise in the autotelic experience dimension (p = 0.022) as did Washboard
(p = 0.048). Other comparisons yielded no statistically significant differences.

4.3
Figure 8: Flow dimension scores for all exergames

We compared mean flow scores for the exergames, both individual and overall, with published descriptive mean scores
for non-competitive exercise and sports ([22], similar to comparisons made in [2]. For the combined (all games) participant group, mean flow scores for challenge-skill balance were
higher than those for both exercise (exercise M = 3.74; p =
0.029) and sports (sports M = 3.69; p = 0.003); scores for
the clear goals dimension were higher than those for exercise
(exercise M = 3.98; p = 0.002); scores for the concentration
dimension were higher than those for both exercise (exercise M = 3.69; p < 0.001) and sports (sports M = 3.7; p <
0.001); and scores for the sense of control dimension were
also higher than those for both exercise (exercise M = 3.8;
p < 0.001) and sports (sports M = 3.7; p < 0.001). Mean
scores for the autotelic experience dimension were higher for
exercise than for exergaming (exercise M = 4.18; p = 0.001),
and it is possible that traditional exercise would have clearer
presumed benefits and result in more personal satisfaction
for a participant, in contrast to the act of engaging in a
game-based workout for the first time.
Individually, Legerdemain scored better in challenge-skill

Changes in Mood State

Positive and negative affect are the two primary dimensions of a person’s emotional experience. Positive affect (PA)
refers to a state of being enthusiastic and alert; as described
by [8], high PA is, ”a state of high energy, full concentration,
and pleasurable engagement,” while a person with low PA
may in contrast feel sad or lethargic. Negative affect (NA)
refers to feelings of distress or ”unpleasurable engagement,”
and a person in a high NA state may feel anger, contempt
or fear. A low NA state, however, may be one of calmness
[8].

Figure 10: Pre- to post-game changes in PA and
NA; p < 0.05 indicates a statistically significant difference between pre- and post-PA or NA

With the above definitions of PA and NA in mind, we
might consider the most successful outcome to be the one in
which PA is increased, and NA is decreased. For the overall group of exergame players, we can see this was the case
(M = 2.19 point increase in PA, p < 0.001; M = 2.35 point
decrease in NA, p < 0.001). While at least small PA increases and NA decreases are seen for each individual game,
the Legerdemain and Washboard groups showed statistically
significant results for both an increase in PA and decrease in
NA, while Astrojumper-Intervals and Sweet Harvest did not
(Figure 10). We will note, however, that the decrease in NA
achieved by Legerdemain was not as great as that resulting
from playing Sweet Harvest (p = 0.04) or Washboard (p =
0.009); likewise Astrojumper was not as effective at decreasing NA as Washboard (p = 0.044).
We also examined the relationship between changes in
mood and flow scores, as the literature suggests that a better flow experience during play might result in an improved
mood. No correlations between the change in negative affect and individual flow item scores were seen, but changes in
positive affect were statistically significantly correlated with
all flow dimensions except for clear goals and feedback (for
all exergames, N = 96), as follows: challenge-skill balance
(r = 0.43, p < 0.001); action-awareness merging (r = 0.322,
p = 0.001); concentration (r = 0.31, p = 0.002); sense of
control (r = 0.319, p = 0.002); loss of self-consciousness (r
= 0.284, p = 0.005); time transformation (r = 0.266, p =
0.009); and autotelic experience (r = 0.457, p < 0.001).

4.4

• ”I liked how it worked my abs and how challenging
it was to get my position just right to get all of the
balloons. I didn’t like how the speed slowed down and
sped up. It messed with me and when it slowed down,
I had to hold my position longer!”
Legerdemain
• ”I really liked the game because I lost track of time and
got a good workout in while still having fun. I think
the level of difficulty is good and the user interface is
very easy to follow and understand. Thanks!”
• ”Some of the enemies [...] were not affected by the wall
spell and I was unsure why. Sometimes it felt like the
enemies were moving too fast towards me to perform
an adequate spell in time. Overall, I enjoyed the game
despite my issues with the kinect.”
• ”I enjoyed how complex it seemed at times. It really
kept me pushing myself as the levels got higher.”
Astrojumper
• ”i liked the exercise part of the experience but the game
itself got boring after awhile.”
• ”The game itself is a simple concept but it was very
fun and I feel like I’ve gotten my workout done for the
day”
Sweet Harvest

Player Feedback

At the conclusion of a study session, participants were
asked for feedback about what they either liked or disliked
about the game they had just played. Comments for all
games commonly mentioned the opinion that they were fun,
creative ways to exercise and in most cases felt like an effective workout; the most commonly stated negative aspect
was the Kinect’s tendency to occasionally lose track of the
player’s position, making control of the game difficult. In
order to identify broad patterns among feedback received,
the participants who mentioned a game aspect that they
liked were counted, as were the participants who mentioned
a game aspect that they disliked (those including both positives and negatives in their comment were counted twice),
with numbers compared to the total number of respondents.
The majority of those who played Washboard, Legerdemain
or Astrojumper gave positive feedback. For Washboard, 23
of 27 (85%) gave positive comments and 9 of 27 (33%) gave
negative comments; for Legerdemain, 16 of 20 (80%) were
positive and 4 of 20 (20%) negative; and for Astrojumper,
15 of 20 (75%) were positive and 7 of 20 (35%) negative.
Sweet Harvest’s results showed a different trend: 16 of 30
respondents (53%) mentioned aspects of the game or play
experience that they liked, but 18 of 30 (60%) commented
on what they disliked about the game. The following list
contains descriptive examples of participants’ comments for
each of the four games.
Washboard
• ”I like the game play. It made time go by quicker
then I thought it was and I didn’t realize how much I
was actually exercising until after when my abs were
burning.”

• ”Was not too hard, but still challenging and fun to
do. More activities could be added to avoid repetitive
exercises. I wasn’t exactly sure what I was supposed
to do in the ant section.”
• ”Accuracy in stretching motions, cute/fun appearance.
Did not like responsiveness of Kinect. One part was
impossible because my wingspan was not wide enough
and that’s why I was not NUMBER ONE. :)”

5.

CONCLUSIONS

Previous work that has discussed the importance of designing games to support flow, or the relationships between
flow, emotion (affect) and enjoyment seems to be supported
by our results from this study. We did find correlations
between the change in positive affect and most flow dimensions, as stated above, and while correlations between PA
and the flow scores for clear goals and feedback were not
found to be statistically significant here, the importance of
including these in game design is still very clear from past
research.
From the results presented above, we might consider Washboard and Legerdemain to be the more successful of the
four exergames. PANAS results from these two game groups
show both increased PA and decreased NA following game
sessions, and these games have the highest average scores
for each flow dimension from the FSS-2 questionnaire. Also,
Washboard and Legerdemain player comments showed the
greatest differences between numbers of participants who
commented positively as opposed to negatively about the
game. This pattern is interesting as these are the two games
that offer the highest level of challenge, but in different areas:

the physical challenge of completing Washboard’s sit-ups
workout is arguably the most difficult among all four games,
but Legerdemain’s gameplay complexity perhaps offers the
highest cognitive challenge, especially for first-time players.
Astrojumper-Intervals was also able to noticeably increase
players’ positive affect, and although it had the lowest average scores for six of nine flow dimensions, showed a similar
majority of positive over negative comments from players.
The greatest overall difference in participant response was
seen for Sweet Harvest, with no significant change in PA
and a slight majority of negative comments over positive
from players.
From the literature on flow experiences in gaming, we
know that challenge-skill balance is an integral part of flow
and one of the most important aspects of a game. Balancing between game challenge and player skill, or continuously
providing opportunities for players to practice their abilities
and then increasing the challenge level, and so on, is an intuitive concept that is useful when planning a game’s structure
and pacing. Design or implementation details, though, are
not necessarily straightforward. Through our experience in
designing and studying the exergames presented here, we
have realized the importance of considering that challenges
may be of different types, and that the combination of different (e.g. physical or cognitive) skills needed to respond
to different challenge types is a significant factor in creating
a positive flow experience within an exergame.
We have seen from our previous work with Astrojumper
that game mechanics which combine physical and cognitive challenges, such as the planet-dodging mechanic which
requires players to continuously make quick decisions and
movements, can be very successful from a player experience
standpoint [20], and that increasing both physical and cognitive challenges together can improve an exergame experience
[1]. The study presented in this paper has shown that an
even higher level of challenge, and/or a higher focus on one
type of challenge over another as seen in Legerdemain and
Washboard, can still result in a good experience. Also, our
results with Sweet Harvest have provided a reminder that
low challenge levels do not result in the best player response,
lending empirical support to Sinclair’s dual-flow model for
exergames [15].
The data collected here have provided us with indications
regarding which of our exergames, and which combination
and level of challenge types, is the most successful from a
player experience perspective in regards to an initial game
experience. In future work, it would be valuable to conduct a longitudinal study investigating how players’ flow experiences and other responses to play change with longerterm exposure to different exergames, and investigate if one
type of challenge is more important than another in motivating repeated play, although both challenge types need to
be present to some extent in order to support both the exercise and gaming aspects of an exergame. We saw in this
study that, for example, participants who mentioned wanting more time with the Washboard game cited its efficacy as
a workout tool instead of a source of entertainment. On the
other hand, Legerdemain’s higher game complexity and cognitive challenge held players’ attention for a 20-minute game
(a session of Washboard only lasted for 5 minutes) and dis-

tracted them from the physical exertion of play, as indicated
by player comments. Additional study in this area will help
us further develop our knowledge of how flow in exergames
may be best considered, and benefit exergame designers in
creating experiences that provide both entertainment and
effective exercise.
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