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Abstract—In exergames, players sometimes over-exert 
themselves, risking adverse health effects. Informing such players to 
slow down is necessary, but might distract from gameplay and 
damage the drive to continue exercising. We used the concept of 
nudges to create a set of design principles that can be incorporated 
into a game, to influence player behaviour without breaking their 
immersion. We created a game that uses these principles, testing 
them against no feedback at all, and against a precise text-based 
interface. We found that nudging techniques worked as well as 
textual feedback to keep players from over-exerting. We saw no 
significant difference in immersion between nudge and textual 
feedback, but players considered the nudge feedback to be more 
natural. 

Keywords—exergame, exertion interface, game design, HCI, 
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I. INTRODUCTION 
This paper presents a design framework for influencing, or 

“nudging,” player behaviour in exercise-based video games 
(exergames), particularly in controlling level of exertion. The 
essential premise behind exergames is that fun activities such 
as playing games are more attractive than important but 
“chore-like” activities such as physical exercise. Ideally, the 
desire to continue experiencing a game can motivate a player 
to participate in the associated exercise regimen. 

 Both the game and the exercise aspects of the exergame 
must support each other effectively, or the combination will 
not function as intended, and players will become either bored 
or discouraged. An important element in exergames is to 
inspire and support effort by the player. Players who are not 
working hard enough may be unable to achieve the desired 
fitness goal. Another problem, addressed in this paper, is that 
an exergame may motivate the player to over-exert, failing to 
meet its goal of providing a well-balanced exercise session. 
Such over-exertion might occur if the player is particularly 
stimulated by a difficult or fast-paced segment of gameplay, or 
working too hard in the warm-up or cool-down phase. 

The problem of over-exertion is easy to solve in theory, 
simply by providing a message in the game interface telling the 
player to reduce effort. The risk is that reminding the player so 
explicitly that they are playing to exercise may reduce the 
value of embedding exercise in play. For the purposes of this 
paper, this feeling of being engaged in the gameplay will be 

called “immersion.” The challenge is how to prevent players 
from exceeding target levels of exertion without disrupting this 
sense of immersion. We theorize that this can be accomplished 
with “nudges,” interface cues that gently push players in the 
direction of the desired choice, without their being explicitly 
instructed [1]. If players feel that reducing exertion is their own 
idea, based on cues embedded in the gameplay, immersion 
should be maintained. 

 In this paper, we present a design framework for nudging 
video game players. We propose that incorporating these 
design principles into a system of player feedback in an 
exergame (or other video game) will allow players to correct 
their behaviour with little to no detrimental effect on 
immersion or enjoyment. 

We tested these design principles by developing an 
exergame called PlaneGame, which employs this framework to 
nudge players toward lower levels of exertion. The design 
principles underlying PlaneGame are explained in Section III. 
We evaluated the effectiveness of nudges in PlaneGame 
through a study. Participants played the game under three 
conditions: with nudge feedback, without feedback, and with a 
textual display of their exact performance (i.e., cycling speed). 
We found less over-exertion in both the nudge and textual 
conditions, with minor differences between the nudge and 
textual feedback conditions. 

II. BACKGROUND AND RELATED WORK 

A. Risks of Over-Exertion 
The need to moderate exertion during exercise is well 

established. In its Complete Guide to Fitness & Health, the 
American College of Sports Medicine (ACSM) emphasizes the 
importance of conducting a warm-up before exercising [2]. 
Even after warming up, overly vigorous exercise puts the 
exerciser at risk of coronary events [3]. 

B. Effectiveness of Exergames 
While the health benefits of exergames vary from game to 

game, it is evident that some exergames are capable of 
promoting metabolically-relevant exercise. Rhodes et al. [4] 
found that adherence and affective attitude in cycling were 
greater when playing video games than when listening to 
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music. Leininger et al. [5] compared playing Dance Dance 
Revolution (DDR) to exercising on a treadmill, and found that 
DDR resulted in as much oxygen consumption as walking on a 
treadmill, but added a greater level of enjoyment. 

However, while exergames can trigger increased exertion, 
players often do not reach desired exercise levels. The ACSM 
recommends a minimum of 30 minutes of moderate intensity 
exercise 5 times per week, or 20 minutes of vigorous exercise 3 
times per week [6,7]. Peng et al. [8] and Biddiss and Irwin [9] 
performed meta-analyses of 16 and 18 studies respectively on 
energy expenditure in exergames, and found that the games 
sometimes failed to meet these recommendations. It is clear 
that exergames need to better control player exertion levels in 
general, though in this paper, we emphasize controlling over-
exertion rather than stimulating sufficient exertion. 

C. Immersion in Games 
Numerous theories of game design have identified 

immersion, the feeling of being engaged in gameplay, as a 
critical component in the enjoyment of a game. In the 
GameFlow model [10], an adaptation of the concept of flow 
specifically for games, immersion is listed as one of the eight 
essential elements of GameFlow. In “Time flies when you’re 
having fun”, Agarwal and Karahanna [11] list Focused 
Immersion as one of the five dimensions of cognitive 
absorption. In the development of their Presence 
Questionnaire and Immersive Tendencies Questionnaire, 
Witmer and Singer [12] conclude that immersion is a necessary 
component of presence, which is linked to the success of 
virtual environments, including video games. 

Engagement is critical to the concept of an exergame, as it 
relies on player interest in the gameplay to maintain adherence 
to an exercise program. The above researchers show that 
immersion is an important part of producing engagement. 

D. Nudges 
The term “nudge” as used in this paper, meaning an indirect 

suggestion toward a desired outcome, was coined by Thaler 
and Sunstein [1]. As an example of the concept, the authors 
cite a tactic used by an airport in Amsterdam to improve the 
cleanliness of their bathrooms. In order to improve men’s aim 
when urinating, an image of a fly was added to the interior of 
the airport urinals, giving something to aim at. This nudge 
successfully reduced urine spills by 80%. Other examples of 
successful nudges include encouraging grocery shoppers to 
purchase organic and local foods by adding a barcode scanner 
and light-up LEDs to shopping carts [13], and encouraging a 
reduction in electricity consumption by delivering pamphlets to 
households comparing their energy consumption to that of their 
neighbours [14]. 

The use of nudging techniques has also been applied in 
HCI contexts, whether explicitly named or not. Coventry et al. 
[15] describe a system for employing nudges in a cyber-
security context to encourage computer users to practice safer 
behaviours, such as choosing more secure passwords. The 
authors note that several nudging tools are used in HCI for ease 
of use design. In “Emerging Patterns in Active-Play Video 

Games” [16], the authors relate nudges to the field of 
persuasive interface design. 

E. Immersive Nudges in Active Contexts 
 The role of immersive nudging in controlling exertion has 

been explored in existing exergame research. In ‘Ere be 
Dragons [17], players are told how their heart rate compares to 
their optimal rate through five bands of feedback, from low to 
high. When a player over-exerts, the environment becomes a 
dense forest accompanied by high-speed audio, while low 
exertion leads to a desert with quiet, slow sounds. In Balloon 
Burst [18], players are tasked with shooting down balloons; 
they can increase the rate at which these appear by pedaling. If 
players exceed the maximum cadence, however, they are cued 
by haptic feedback in the game’s controller. 

Beyond exergames, Waterhouse et al. [19] find that 
speeding up or slowing down the tempo of music has a 
corresponding effect on power expenditure and cadence in 
listening cyclists. Mandryk et al. [20] use a system of overlays 
to turn commercial games into biofeedback games. The 
overlays are triggered by negative changes in EEG readings, 
and partially but progressively block vision of the game to 
encourage players to calm down. The graphical effects of the 
overlays are chosen to match or complement the game (for 
example, mud splatters on the screen in a dirt-biking game). 

Given the importance of immersion, the indirect nature of 
nudges may make them a suitable tool for affecting player 
behaviour without reducing engagement. There has been some 
limited investigation of the applications of nudges to HCI, but 
to the authors’ knowledge no-one has yet investigated the 
possibility of using nudge principles to reduce over-exertion in 
exergames while maintaining immersion. 

III. DESIGN PRINCIPLES 
In order for a user interface in a game to operate by 

nudging, participants must feel motivated by the nudges to 
correct their behaviour. A nudging interface should guide 
players to a behaviour that is required of them, and persuade 
them to perform it, while fitting into the game world as 
smoothly and believably as possible. 

We propose four design principles for building feedback 
into digital games in order to nudge players to a desired 
behaviour. We theorize that employing these four principles 
will push players to avoid behaviours considered undesirable in 
the game design, with low impact on immersion in the game 
world. We illustrate these design principles through their use in 
our game PlaneGame, described below. 

A. Principle of Immersion 
Nudges should fit the game world: To avoid disrupting 

immersion, nudges should feel as though they are a natural part 
of the game environment. A game element that corresponds to 
an actual objective or concept within the game world will be 
more immersive than something with no connection to the 
game’s reality that has been added only to push the player. 

For example, if players are not meant to go in a certain 
direction, an invisible wall with no explanation clearly exists – 
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and will be experienced by the player – only as an element of 
software design. A bricked-over archway with a “Keep Out” 
sign, however, will be more believable as part of the game 
world, and will not break the player’s sense of being in a real 
environment. The latter approach can be considered a nudge 
because, while in either case the player cannot get through, in 
the brick scenario the player is unlikely even to try, because the 
visuals indicate that it is not an option. 

B. Principle of Comprehension 
Nudges should be clear and conspicuous: Players must 

comprehend the stimulus that is intended to nudge them. This 
necessitates two things. First, the player must clearly 
understand what the feedback is telling them. This might be 
because the feedback is obviously linked to its effect: if a 
player crashes into a wall, and a piece of their vehicle falls off, 
they know that hitting walls is bad for the vehicle. Player 
comprehension may also be aided through feedback familiar 
from other games. For example, if players are being attacked 
from a certain direction, that side of the screen flashes red in 
many games. Players familiar with these other games may find 
this feedback to be immediately clear to them, despite not 
being a literal depiction of the character’s experience. 

The feedback must also be conspicuous enough that players 
notice and can react to it once it appears. For example, suppose 
we want players to avoid driving through mud in a driving 
game. We may try to discourage going through mud by making 
the mud slow down the player’s car. But if the car slows too 
gradually, players might not realize that the mud is the cause. 
So instead we might have the car lose speed very noticeably 
the moment it enters the mud, making the effect more 
conspicuous. 

C. Principle of Progression 
Nudges should progress from low to high severity: To 

increase pressure on players who (intentionally or not) ignore 
nudges, greater deviation from the desired behaviour should be 
met with increased severity of feedback. How exactly “greater 
deviation” is measured will depend on the needs of the game. 
For example, if a player’s avatar walks out into a snowstorm, 
we may want them to go back inside, and so we make the 
feedback become more punitive the further they go from the 
door. Alternatively, if avatars need to walk through the storm, 
but are meant to do so as quickly as possible, the feedback 
should become increasingly severe the longer they spend in the 
snow. 

How feedback becomes more severe will also vary from 
game to game; possibilities include intensifying an existing 
form of feedback or switching to a gameplay channel with 
more effect on the player. To return to the snowstorm example, 
players who stray too far or spend too long in the storm could 
experience progressive obstruction of vision. If this cue does 
not incite them to seek shelter (based on distance) or realize 
they are taking too long (based on time), the player’s avatar 
might begin accumulating damage from frostbite and 
hypothermia. 

D. Principle of Multiples 
Nudges should employ multiple feedback channels: 

Principles should support each other using multiple forms of 
feedback. Possible feedback channels include visual, auditory, 
haptic, or direct gameplay effects. There are several reasons 
multiple channels might be helpful. 

First, different types of nudges can provide redundancy to 
reinforce the need to change behaviour. A player who missed a 
visual cue because they were watching another part of the 
screen might still be alerted by audio, while a player listening 
to music may miss an audio cue, but still react to a visual or 
haptic one. 

Second, forms of feedback that are particularly good at 
specific tasks will work together to produce a stronger whole. 
Gameplay effects like losing control of the game character are 
strong motivators, but without context, it might be difficult to 
understand why the loss of control is happening, and other 
feedback can fill this gap. For example, perhaps a player’s 
robot comes too close to a strong electric field, and a humming 
sound and bolts of electricity can explain why character control 
is being lost. 

Third, additional modes of feedback can, through an 
additive effect, help satisfy other principles. Having three 
things happen at once is more conspicuous than only one event. 

IV. GAME DESIGN 
To illustrate these principles, we developed PlaneGame 

(Fig. 1), a single-player racing game. The racing game genre 
was selected with the idea that competing against other racers 
would drive players to greater levels of exertion in an attempt 
to outpace the rival AI racers. The increased exertion would 
trigger more feedback, providing more data on how players 
responded to the feedback. 

In PlaneGame, the player plays as an airplane and races 
against computer-controlled birds to collect floating rainbows. 

Fig. 1 Screenshot of PlaneGame. The player’s plane avatar and 
an AI bird are both racing to capture the rainbow for points. 
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The player uses a recumbent bicycle to power their avatar. 
Each time a rainbow appears on screen, a bird drops down 
from the top of the screen and races alongside the player. 
When either the player or the bird collects the rainbow, a new 
rainbow is spawned ahead. These mini-races provide a 
sequence of short competitions, ensuring the player cannot fall 
so far behind as to be unable to catch up, or advance so far 
ahead as to have no incentive to pedal hard. In this way, each 
mini-race both allows for and requires a new effort. 

There are two sources of input for the player. Altitude is 
controlled using a standard video game controller, with a single 
button causing the plane to rise while pressed and drop when 
released. In order for the game to function as an exergame, the 
speed of the plane corresponds to the player’s cycling pace on 
a recumbent exercise bike (Fig. 2). The rate at which the player 
pedals (called cycling cadence or just cadence) is read using a 
Garmin Speed and Cadence Sensor, a magnet-based sensor 
attached to the bicycle’s crankshaft. This sensor reports each 
time it passes one of three evenly-spaced magnets on the body 
of the bike, allowing the software to compute the cadence in 
revolutions per minute (RPM). 

The player’s cadence influences gameplay by how close it 
is to a target cadence. If the player’s current cadence is at least 
as high as the target cadence, then the plane will move at its top 
speed; lower cadences will slow the player’s plane. 

Since maintaining an exact speed is difficult, we establish a 
range of ±6RPM around the target cadence, called the target 
range. If players are below the target cadence, but still within 
the target range, the plane will still be faster than the birds. 
Likewise, players are not considered to be cycling too quickly 
unless they are exceeding the top of the target range. 

A. Design Principle Implementation 
To test the immersive design principles with PlaneGame, it 

was necessary to add a layer of feedback to the base game, to 
inform players when their cadence goes above the target range. 

First, under the Principle of Immersion, the feedback 
needed to fit with the game world. The base concept has the 
plane’s engine overheat if the player pedals too rapidly. 
Natural consequences of an overheated engine include smoking 
from the engine compartment (Fig. 3a). 

Under the Principle of Multiples, this concept was 
expanded. In addition to visual smoke and fire, the feedback 
layer includes additional visual modification: the plane 
shudders back and forth and there is whole-screen motion blur. 
Audio feedback is also incorporated in the form of the engine 
becoming louder, rougher, and more grating. 

Under the Principle of Comprehension, the screen also 
turns grey around the edges: this suggests being out of breath, 
and is also commonly used in games to indicate acute health 
threats. This ties the feedback to physical over-exertion in 
order to increase clarity. Conspicuity was judged to have 
already been satisfied by the multiple feedback channels as, 
combined, they are difficult to ignore. 

Under the Principle of Progression, all the forms of 
feedback increase as the player’s deviation increases (more 
smoke, more shaking and blurring, louder engine, and greyer 
screen). Also, after a certain point, the engine produces fire as 
well as smoke, and the edges of the screen begin turning red 
rather than grey (Fig. 3b). 

To link increased deviation from the target range to 
increased response severity, a metric of deviation from the 
target is needed. For PlaneGame, this value (henceforth 
referred to as “Disparity”) is a combination of distance above 
the target range (in RPM) and how long the player has been 
above the target range (in seconds): disparity = distance/10 + 
time/5, a formula whose constants were derived through 
iterative refinement in pilot testing. 

Finally, with all the feedback in place, the game was again 
checked against the Principle of Immersion. Pilot testers 
reported that this feedback gave a strong impression of the 
plane malfunctioning, suggesting that it was well integrated 
into the game environment. 

V. STUDY DESIGN 
The study was designed to test the implementation of the 

immersive game design principles along two axes: 
effectiveness in preventing players from exceeding a target 
level of exertion (using cycling cadence as a proxy), and 
immersiveness. To test these factors, the version of the game 
that employs the design principles (“nudge”) was tested against 
two other conditions: a control condition with no feedback to 
prevent over-exertion (“control”), and a condition that 

 
Fig. 2 Study setup. The player sits at the exercise bike, and holds 
the game controller. The game appears on the television screen. 

 
(a)   (b) 

Fig. 3 a) early feedback, smoke and slight screen greying 
 b) advanced feedback, fire and screen reddening 
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provided numeric feedback specifying the player’s distance 
from target cadence (“textual”). 

In addition to the three conditions, participants played at 
two different target speeds. One was faster, to stand for the 
standard pace used in an exercise session. The other was 
slower, to simulate an exercise warm-up.

The textual condition was expected to be more effective at 
controlling exertion than the nudge condition, but less 
immersive for the player, and the control condition was 
expected to be ineffective at cadence control, but the most 
immersive due to freedom from any distraction. 

A. Conditions
• Control: In the control condition, the only indicator of 

current distance from the target cadence is the speed 
of the plane relative to that of the birds. Once the 
plane reaches full speed at the target cadence, there is 
no direct feedback indicating whether the current 
cadence is correct or too high. A sufficiently 
motivated player might find the correct cadence by 
pedaling only as quickly as is necessary to reach top 
speed, but the game offers no aid. 

• Nudge: In the nudge condition, the design principles 
are employed to inform players when they are above 
the target, as previously described. As in the control 
condition, there is no indication of being below target, 
other than the slow pace of the plane, or how close the 
current cadence is to exceeding the top of the target 
range. 

• Textual (Fig. 4): In the Textual condition, players are 
shown the target cadence at the top of the screen for 
reference, while their current cadence is displayed 
immediately underneath the plane. Whenever the 
player’s cadence is above the target range, the current 
cadence text turns red. Like the nudge condition, the 
textual condition lets the player know they are above 
their target range. In fact, it provides more 
information, as the textual condition allows players to 

know exactly where they are relative to the target 
cadence. 

To test player response during both warm-up and main-
game speeds, two different cadence targets were chosen: 
40RPM (warm-up) and 60RPM (main-game). Pilot testing 
showed 40RPM to be slow enough that it was slightly difficult 
to maintain, while 60RPM was a more comfortable speed that 
was easy to reach. Both cadence targets were low enough that 
pilot-test players had little difficulty exceeding them. 

B. Method 
Each participant played the game under six conditions, 

three game conditions for each of the two cadence targets. 
These conditions were order-balanced according to Latin 
square to compensate for the effects of increasing skill at the 
game as participants progressed. 

Before beginning the game, players were given an 
explanation of how to play. Participants familiarized 
themselves with the gameplay by playing a version of the game 
with no target cadence in which the plane always moved at top 
speed, and no cadence feedback was provided. 

After this test round, participants were informed that they 
needed to reach the target cadence for the plane to reach full 
speed. They were cautioned against exceeding the target 
cadence, and the three conditions were introduced verbally and 
through printed screenshots. Players were also informed of the 
two speeds used in the game. Players were not forewarned 
which version of the game they would be playing, but had a 
three-second adaptation period before the game began, 
allowing them to note both the condition and target speed and 
to adapt accordingly. 

C. Data Collection 
Three forms of data were collected. First, the game logged 

target cadence, current score, time and distance away from the 
target range, and current Disparity value (see Section IV). 

Second, after each segment of gameplay, participants filled 
out a 13-question questionnaire. The first two questions asked 
if it was easy to return to the target cadence when speed was 
too high, and how motivated players were to do so. The 
remaining questions were the Involvement/Control subscale of 
Witmer and Singer’s Presence Questionnaire [12], which was 
used to measure participants’ sense of immersion by proxy 
through the related concept of presence. 

Finally, participants engaged in a semi-structured interview 
exploring their subjective impressions and rankings of the three 
versions of the game. 

D. Participants 
A total of 24 university students were recruited as 

participants. Participants were screened to include only those 
who had at least 50 hours of lifetime experience with video 
games, and who did not use a stationary exercise bike or go 
long distance biking regularly (defined as more than once per 
week). 

 
Fig. 4 Screenshot of the textual condition. The target cadence is 
at the top of the screen, with current cadence beneath the plane.
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VI. RESULTS 

A. Game Logs 
Three measures from the game logs were compared across 

the three game conditions (control, nudge, and textual). These 
measures were: the player’s average cycling cadence during 
gameplay, total seconds that cadence was above the top of the 
target range, and final game score. Each of the two speeds 
(40RPM and 60RPM) was compared separately. 

A one-way repeated measures ANOVA was conducted to 
compare the effects of the game conditions on players’ average 
cycling cadence (Fig. 5). At a target cadence of 40RPM, a 
significant effect was found; Wilks’ Lambda=.310, 
F(2,22)=24.16, p<.001. Post hoc comparisions via paired 
samples t-tests with Bonferroni correction showed the control 
condition (M=57.84, SD=12.67) produced a significantly 
higher average cadence than the nudge condition (M=41.94, 
SD=2.55); t(23)=6.53, p<.001. The control condition also had a 
greater average cadence than the textual condition (M=43.24, 
SD=3.22); t(23)=5.64, p<.001. No significant difference was 
found between the nudge condition and the textual condition at 
the α=.05/3 level; t(23)=2.11, p=.046. 

At a target cadence of 60RPM, game condition again 
showed significance for average cadence; Wilks’ 
Lambda=.522, F(2,22)=10.06, p=.001. Post hoc t-tests showed 
higher average cadence in control (M=67.47, SD=10.65) than 
nudge (M=59.37, SD=1.84); t(23)=3.99, p=.001. Average 
cadence was also higher in the control condition than the 
textual condition (M=60.33, SD=1.45); t(23)=3.40, p=.002. 
Again, no significant difference was found between nudge and 
textual at the Bonferroni-corrected α=.05/3 level; t(23)=2.09, 
p=.048. 

At 40RPM, an RM-ANOVA on time over target range 
(Fig. 6) showed significance; Wilks’ Lambda=.214, 
F(2,22)=40.48, p<.001. Post hoc t-tests showed significantly 
more time over target in the control condition (M=45.95, 
SD=23.13) than in the nudge condition (M=6.50, SD=6.37); 
t(23)=8.36, p<.001. Participants also spent more time above the 
target range in control than in textual (M=9.86, SD=14.40); 

t(23)=6.41, p<.001. No difference was found between the 
nudge and textual conditions; t(23)=1.60, p=.123. 

Time over target range also showed significance for 
60RPM; Wilks’ Lambda=.214, F(2,22)=40.48, p<.001. Time 
over target was significantly higher in the control condition 
(M=27.79, SD=24.52) than in the nudge condition (M=3.65, 
SD=3.00); t(23)=5.06, p<.001. Control was also higher than 
textual (M=2.29, SD=3.30); t(23)=5.30, p<.001. There was no 
significant difference between nudge and textual; t(23)=1.49, 
p=.150. 

Game score showed significant differences across 
conditions at a target cadence of 40RPM; Wilks’ 
Lambda=.684, F(2,22)=5.08, p=.015. Scores in the control 
condition (M=24.13, SD=1.15) and textual condition 
(M=24.13, SD=1.42) were indistinguishable; t(23)=0.00, 
p=1.000. However, t-tests showed significantly lower scores in 
the nudge condition (M=22.79, SD=2.13) than the control 
condition; t(23)=3.00, p=.006. Scores were also lower in nudge 
than in textual; t(23)=2.82, p=.010. The RM-ANOVA for a 
target cadence of 60RPM found no significance at the α=.05 
level; Wilks’ Lambda=0.797, F (2,22)=2.80, p=.082. 

B. Questionnaires 
The questionnaire provided to players after each round of 

the game has two single questions, plus the 
Involvement/Control subscale of Witmer and Singer’s 
Presence Questionnaire [12]. Each of the questions was on a 7-
point Likert scale, and therefore the answers are ordinal data 
and must be analyzed by non-parametric measures. As before, 
the three game conditions were compared, and the two target 
cadences were analyzed separately. 

A Friedman test of the first question (“Is it easy to return to 
your target speed when you’re pedaling too quickly?”) was not 
statistically significant for a target cadence of 40RPM; χ2=2.96, 
p=.232. The question also lacked significance at 60RPM; 
χ2=0.36, p=.860. 

The second question (“Do you feel motivated to slow down 
when you’re pedaling too quickly?”) showed significance on a 
Friedman test at 40RPM; χ2=19.46, p<.001. Post hoc tests with 
the Wilcoxon signed-rank test showed that players felt less 

Fig. 5 Average cadence (RPM). Control values are significantly 
higher than Nudge and Textual values. Error bars range 
maximum to minimum individual participant values. 

Fig. 6 Total time above target range (s). Control values are 
significantly higher than Nudge and Textual values. Error bars 
range maximum to minimum individual participant values. 
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motivated to slow down in the control condition (Mdn=5.5, 
r=1-7) than in the nudge condition (Mdn=7, r=2-7); Z=-3.45, 
p=.001. They were also less motivated in the control condition 
than in the textual condition (Mdn=6.5, r=1-7); Z=-2.95, 
p=.003. There was no significant difference between the nudge 
and textual conditions; Z=-1.36, p=.175. 

For a target cadence of 60RPM, the motivation question 
again showed statistical significance; χ2=21.00, p<.001. Players 
were less motivated in the control condition (Mdn=4.5, r=1-7) 
than in the nudge condition (Mdn=7, r=4-7); Z=-3.69, p<.001. 
Players also felt less motivated to slow down in control than in 
textual (Mdn=6, r=2-7); Z=-2.79, p=.005. No significant 
difference was found between nudge and textual; Z=-1.83, 
p=.067. 

For the presence score, the Friedman test showed no 
significance on a target cadence of 40RPM; χ2=4.69, p=.097. 
However, there was a significant difference at 60RPM; 
χ2=7.57, p=.022. Wilcoxon signed-rank tests showed no 
significant difference between the control (Mdn=68, r=51-75) 
and nudge (Mdn=69.5, r=50-76) conditions; Z=-0.56, p=.594. 
There was no significant difference between control and 
textual (Mdn=68, r=51-73); Z=-1.20, p=.237. No significance 
was found between the nudge and textual condition; Z=-1.31, 
p=.196. 

In an effort to understand the incongruity between the 
Friedman and Wilcoxon tests, we also conducted sign tests for 
presence at 60RPM. The sign tests revealed no significant 
difference between the control and nudge conditions, p=.824; 
and no significant difference between control and textual, 
p=.052. There was an apparent difference between the nudge 
and textual conditions, p=.035; however there was no 
significant difference at the Bonferroni-corrected α=.05/3 level. 

C. Interviews 
During the concluding semi-structured interview, 

participants were asked questions about the different study 
conditions they experienced. These conditions were referred to 
descriptively rather than by name (for example, the nudge 
condition was “the version with the smoke”) to avoid 
influencing the participants’ answers. 

Asked whether the nudge condition distracted them from 
the gameplay, eight participants said “no”, ten said “a little”, 
and six said “yes”. The textual condition was described as not 
distracting for 11, a little distracting for six, and distracting for 
seven. 

All participants found the feedback in both the nudge 
condition and textual condition to be clearly understandable. 

Asked which condition they felt was “a more natural fit for 
the game”, 15 participants chose the nudge condition, five 
chose textual, three chose control, and one thought all were 
equally natural. 

Players were asked to choose their favourite of the three 
game conditions; ten participants preferred the nudge 
condition, eight preferred textual, and six preferred control. Of 
those participants who chose the nudge condition as their 
favourite, five found it more fun or interesting, four liked the 

binary nature of the nudges (either present or not), and one 
found it easier to stay within the target range. The participants 
whose favourite condition was textual preferred it because it 
was easier to stay within the target range. Of those who 
preferred the control condition, three did so because of the lack 
of distraction, one because they felt there was no need to slow 
down, one for both the preceding reasons, and one because it 
was more challenging to stay within the target range. 

Players were also asked to choose a least favourite 
condition. The control and textual conditions were each chosen 
by eight, six chose the nudge condition, and two had no 
preference beyond their single favourite (textual in both cases). 
Of the participants who disliked the control condition, four did 
so because of the lack of feedback to help them stay within the 
target range and four because it made the game simpler and 
less interesting. For the textual condition, four participants 
disliked it because they found it fit poorly with the gameplay, 
three because they felt compelled to match the target cadence 
exactly and it was very difficult, and one because it was similar 
to the nudge condition, but less intimidating. Of those who 
disliked the nudge condition, four did so because they found it 
stressful or uncomfortable, and two because it was the most 
distracting. 

The slower target cadence (40RPM) was seen as too slow 
to be a comfortable cycling cadence by 11 participants, the 
faster target cadence (60RPM) was reported as uncomfortable 
by two, and the other 11 found both to be comfortable. 

VII. DISCUSSION 
As expected, players did a much better job cycling within 

the target range in both the nudge and textual conditions than 
in the control condition. However, we saw no significant 
difference between nudge and textual in terms of keeping 
within the target range. The only performance difference we 
saw between the two was in game score, where players had 
lower scores in the nudge condition, but only for the lower 
target cadence of 40RPM. 

It is slightly curious that nudge-condition scores were lower 
than either control or textual scores. But since the number of 
rainbows collected does not depend on not exceeding the target 
range, it is possible that players were over-correcting in 
response to the nudges, and therefore oscillated around the 
target cadence. This would result in sometimes pedaling slowly 
enough that fewer rainbows had time to spawn or enemy birds 
were able to take some. Oscillating like this is easier to avoid 
in the textual condition, since the player knows exactly how 
close they are to the target. 

The data for immersion are mixed. We expected to find that 
immersion was highest in the control condition and lowest in 
the textual condition, with the nudge condition in the middle. 
Our primary measure of immersion, the Presence 
Questionnaire [16], showed no significance between the 
conditions, suggesting there is no difference. Players found the 
control condition less motivating than the other two, but most 
also found the nudge and textual conditions at least a little 
distracting. 
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However, in the interviews, participants said they found the 
nudge condition to be the most natural fit for the game. When 
asked to choose favourite and least favourite conditions, their 
reasons supported this result. Four participants explicitly 
disliked the textual condition because it was a poorer fit for the 
game play. Conversely, many players who liked or disliked the 
nudge condition did so for game-related emotional reasons: 
they found the nudge either fun and interesting if they liked it, 
or stressful and uncomfortable if they disliked it. 

One possible reason that players do not feel more 
immersed, despite stating the nudge condition suits the game 
best, is that we set the target cadence values deliberately low. 
This was to try to avoid exhausting players and thereby 
affecting their responses. We also wanted to increase the 
likelihood that players would experience feedback, thus giving 
them more opportunity to correct their performance and yield 
more data points. However, the need to avoid pedaling too 
quickly came up much more often at these lower cadences, and 
was always on players’ minds. It is possible that if the target 
were set higher, as it would be to control over-exertion in 
actual exercise conditions, players would have fewer 
encounters with the feedback, and would be less distracted by 
it. 

One peculiarity is that the Friedman test for presence at 
60RPM shows significance (p=.022), but the paired tests do 
not. However, the sign test between the nudge and textual 
conditions did show significance before the Bonferroni 
correction. A study with more participants might reveal the 
lack of significance to be a type II error, consistent with our 
hypothesis that the slow cycling speeds in this study made 
participants feel less immersed, since only the faster speed 
showed the potential difference. 

VIII. CONCLUSION 
An exergame is a helpful fitness tool only if people are 

willing to play it in the first place, and then use it in a way that 
supports their fitness needs and goals. We created a cycling-
based exergame and used it to examine techniques for 
correcting player cycling cadences at two target speeds to 
achieve a target level of exertion. Test conditions included a 
control condition without feedback, and two feedback 
conditions, one using nudges and one using a textual display. 

We expected that players would find any type of feedback 
to change their performance at least somewhat intrusive, and 
our results confirmed that. However, while we expected that 
textual feedback would be more effective than nudges at 
keeping players within the target range, and thereby controlling 
player exertion, our results showed that the nudges were 
equally effective, and both were, as anticipated, more effective 
than no feedback. 

As one tool to support exergame acceptance, designers 
might want to consider including nudge techniques, which are 
valuable to reduce the player’s sense of dissonance with the 
game world, without creating significant performance 
penalties. Even if there does not appear to be an increase in 
immersion, players preferred the nudges, saying they felt more 
natural to the game. 

IX. REFERENCES 
[1] R.H. Thaler and C.R. Sunstein, Nudge: improving decisions about 

health, wealth, and happiness. New Haven, USA: Yale University Press, 
2008. 

[2] American College of Sports Medicine, Complete guide to fitness & 
health. Champaign, IL, USA: Human Kinetics, 2011. 

[3] S. Möhlenkamp, N. Lehmann, F. Breuckmann, M. Bröcker-Preuss, K. 
Nassenstein, M. Halle, T. Budde, K. Mann, J. Barkhausen, G. Heusch, 
K.-H. Jöckel, and R. Erbel, “Running: the risk of coronary events,” 
European Heart Journal, vol 29, pp. 1903-1910, Apr. 2008. 

[4] R.E. Rhodes, D.E.R. Warburton, and S. S. D. Bredin, “Predicting the 
effect of interactive video bikes on exercise adherence: An efficacy 
trial,” Psychology, Health & Medicine, vol 14, pp. 631-640, Dec. 2009. 

[5] L.J. Leininger, M.G. Coles, and J.N. Gilbert, Comparing enjoyment and 
perceived exertion between equivalent bouts of physically interactive 
video gaming and treadmill walking,” Health & Fitness Journal of 
Canada, vol 3, pp. 12-18, Jun. 2010. 

[6] R. Rahl, Physical Activity and Health Guidelines. Champaign, IL, USA: 
Human Kinetics, 2010. 

[7] American College of Sports Medicine, ACSM's Guidelines for Exercise 
Testing and Prescription. Philadelphia, PA, USA: Lippincott Williams 
and Wilkins, 2013. 

[8] W. Peng, J.-H. Lin, and J. Crouse, “Is Playing Exergames Really 
Exercising? A Meta-Analysis of Energy Expenditure in Active Video 
Games,” Cyberpsychology, Behavior, and Social Networking, vol 14, 
pp. 681-688, Nov. 2011. 

[9] E. Biddiss and J. Irwin, “Active Video Games to Promote Physical 
Activity in Children and Youth,” Archives of Pediatrics & Adolescent 
Medicine, vol 164, pp. 664-672, Jul. 2010. 

[10] P. Sweetser and P Wyeth, “GameFlow: a model for evaluating player 
enjoyment in games,” ACM Computers in Entertainment, vol 3, pp. 1-
24, Jul. 2005. 

[11] R. Agarwal and E Karahanna, “Time flies when you’re having fun: 
cognitive absorption and beliefs about information technology usage,” 
MIS Quarterly, vol 24, pp. 665-694, Dec. 2000. 

[12] B.G. Witmer and M.J. Singer, “Measuring presence in virtual 
environments: a presence questionnaire,” Presence, vol 7, pp. 225-240, 
Jun. 1998. 

[13] V. Kalnikaitė, Y. Rogers, J. Bird, N. Villar, K. Bachoul, S. Payne, P.M. 
Todd, J. Schöning, and A. Krüger, “How to nudge in situ: designing 
lambent devices to deliver information salience in supermarkets,” in 
UbiComp 2011: Ubiquitous Computing, Beijing, China, 2011. 

[14] D.L. Costa and M.E. Kahn, “Energy conservation ‘nudges’ and 
environmentalist ideology: evidence from a randomized residential 
electricity field experiment,” National Bureau of Economic Research, 
Cambridge, MA, USA, Rep. 15939, 2010. 

[15] L. Coventry, P. Briggs, D. Jeske, and A. van Moorsel, “SCENE: a 
structured means for creating and evaluating behavioural nudges in a 
cyber security environment,” in Design, User Experience and Usability, 
Heraklion, Greece, 2014, pp. 229-239. 

[16] Institute for the Future, “Emerging patterns in active-play video games,” 
in The Power of Play: Innovations in Getting Active, San Francisco, CA, 
USA, 2011. 

[17] S.B. Davis, M. Moar, R. Jacobs, M. Watkins, C. Riddoch, and K. 
Cooke, “‘Ere be dragons: heart and health,” in Pervasive, Dublin, 
Ireland, 2006, pp. 157-164. 

[18] T. Stach and T.C.N. Graham, “Exploring haptic feedback in 
exergames,” in Interact, Lisbon, Portugal, 2011, pp. 18-35. 

[19] J. Waterhouse, P. Hudson, and B. Edwards, “Effects of music tempo 
upon submaximal cycling performance,” Scandinavian Journal of 
Medicine & Science in Sports, vol 20, pp. 662-669, Aug. 2010. 

[20] R.L. Mandryk, S. Dielschneider, M.R. Kalyn, C.P. Bertram, M. Gaetz, 
A. Doucette, B.A. Taylor, A.P. Orr, and K. Keiver, “Games as 
neurofeedback training for kinds with FASD,” in Interaction Design and 
Children, New York City, NY, USA, 2013. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


