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Introduction
Active video games (AVGs) or exergames are “video games that are also a form of exercise” (Gao, Chen, Pasco & Pope, 2015). During the last decade, a growing body of research and practice have built on children and youth interest in video games to use exergames to promote health outcomes (Peng, Lin & Crouse, 2011; Pope, Chen, Pasco & Gao, 2016; Zeng, Pope & Gao, 2017). Players of exergames can be motivated through game-mechanics to exert themselves toward achieving activity goals. However, there has been a debate in the research literature on the effectiveness of exergames as a tool to promote physical activity (Baranowski, 2017) with some reviews providing support (Gao & Chen, 2014), while others being skeptical (LeBlanc, Chaput, McFarlane et al., 2013).
Despite the exergames benefits, children and youth may still not acquire adequate levels of moderate-to-vigorous physical activity (MVPA) when playing commercial exergames either in single or multiplayer mode (e.g.,Wii Sports, Wii Fit, Dance Dance Revolution, Xbox Kinect). According to Beaudoin (2012), designers in the commercial exergames industry focus more on the fun and entertaining features of exergames - as opposed to aspects of game design that might increase physical activity (PA) intensity - given that their goal is still primarily to entertain.
We adopted a new approach call “design-based exergames” in which engineers in computer science and researchers collaborate to design exergames with the purpose of promoting players’ MVPA through fun digital activities. We collaborated with Vescape company to design a mobile application-based exergame platform, called Greedy Rabbit. This platform is paired wirelessly via a Bluetooth protocol with an exercise bike, with the objective to promote players’ MVPA. In detail, Greedy Rabbit is a maze game in which a rabbit makes its way through the maze, collecting flowers and avoiding hedgehogs in chase, with the goal being to obtain a carrot placed at the end of each maze (i.e., game stage). In the first study using this platform, Pasco, Roure, Kermarrec, Pope and Gao (2017) revealed that adult players spent 90% of their time in MVPA. They also found that, in comparison to the control group (15min of free cycling), the experimental group reported significantly higher scores in total interest, instant enjoyment, exploration intention, attention demand, novelty, and challenge, meaning that these players found more situational interest. The current study was developed to increase our knowledge on the impact of the platform on players’ MVPA and situational interest by including a control group playing to a placebo version of the exergame and by using accurate measures of PA via maximal aerobic power (MAP), heart rate (telemetry monitor), VO2 (indirect calorimetry) and, cadence in revolutions per minute (RPM). 
Purpose of the study
The purpose of this study was to identify the impact of a design-based exergame on players’ MVPA and situational interest. The participants were allocated to either an experimental group, consisting of one session of Greedy Rabbit exergame, or a control group, consisting of a placebo version of the same exergame. According to previous studies, two assumptions were made: (1) considering the attractiveness of exergames and the design of Greedy Rabbit, it was hypothesized that students in the experimental group would report higher scores for situational interest dimensions; and (2) the PA measures would increase more during the session of “Greedy Rabbit” for the experimental group in comparison to the control group. 
Method
Participants
An experimental design was used to examine the effects of a design-based exergame on players’ MVPA and situational interest. The participants were a convenience sample of 60 undergraduate students (Mage = 20.8, SD = 1.3, 18-25 years, 51.7 % boys) recruited from the kinesiology department of a university located in the south region of Belgium and who volunteered to participate. Exclusion criteria for participation were any chronic disease or condition that would limit participants’ PA. Depending on the results obtained from a preliminary incremental cycling test, which indicated players’ maximal aerobic power (MAP) and maximal oxygen consumption (VO2 max), participants were allocated into two groups: an experimental group (N = 41) and a control group (N = 19). This procedure was used to ensure homogeneity between both groups in terms of players’ physical levels. Permission to conduct the study was granted by the Ethics Committee of the host university (approval number: B403201630077). Participants were informed about the scope of the study, with written informed consent gathered prior to data collection.
Procedures
Each participant completed two visits to the laboratory within two weeks. During the first visit, demographic information was collected for all participants such as age, gender, height and weight. Height was measured to the nearest 0.1 cm using a portable stadiometer and weight to the nearest 0.1 kg using a calibrated mechanical flat scale. Researchers used this information to initialize and calibrate the metabolic cart for the oxygen consumption measure. Then, each participant completed an incremental cycling test on a bicycle ergometer (Avantronic® Cyclus 2, Leipzig, Germany) to calculate their VO2 max, MAP and maximal heart rate (HR max). This test involved cycling at different stages with increasing levels of difficulty based on power output. The initial level was set at 70 W, which increased by 40 W each three minutes. A regression formula calculated VO2 max based on the highest stage reached during the test. MAP was calculated considering the mean power output of the lower and the final levels: MAP = power output lower level + [(power output final level – power output lower level) x time final level]. This information was needed first to ensure homogeneity between both groups in terms of players’ physical levels, and second to choose the intensity of practice during the exergame for each participant, in percentages of MAP. Finally, the participants were randomly assigned to two groups: an experimental group (N = 41) and a control group (N = 19), with similar distributions for BMI, VO2 max, MAP and HR max.   
During the second visit, the participants played an exergame called Greedy Rabbit, developed by Vescape® and installed on an iPad paired with an exercise bike (Skandika cardiobike Ulisses SF-1610) via a Bluetooth protocol. In the experimental group, players engaged in one session of Greedy Rabbit, consisting of four sets of 8 stages (32 stages in total). Each stage of the exergame was designed as a “pac-man” like labyrinth, with a rabbit controlled by the participant, one or several hedgehogs controlled by the computer and flowers to collect leading to the finish goal represented by a carrot. Players had to cycle to control the speed of the rabbit which was pursued by the hedgehogs. The intensity of the exercise was constant during the exergame and was chosen between three levels of difficulty (easy = 130W; medium = 180W; hard = 230W). This choice was based on players’ MAP determined after the incremental cycling test, to ensure that the intensity ranged between 65% and 85% of players’ MAP as recommended by the American college of sport medicine (ACSM, 2013). The speed of the rabbit was dependent of the cycling frequency while the speed of the hedgehog was set by the computer and varied across the stages. Participants had three lives to complete the four sets of 8 stages and lost one of their three lifes during the exergame each time they were caught by the hedgehog. In the control group, players engaged in one session of a placebo version of Greedy Rabbit. This version was also a “pac-man” like labyrinth, with a rabbit controlled by the participant, but the hedgehogs, the flowers and the carrot for the finish goal were removed. Consequently, players chose their cycling frequency, and the speed of the rabbit was dependent of their cycling frequency. Following the same procedure described for the experimental group, the intensity of the exercise was constant during the exergame and was chosen between three levels of difficulty (easy = 130W; medium = 180W; hard = 230W).
For both groups, the researchers introduced and demonstrated how to play the exergame, during a 10 minutes warm-up. Five minutes after the experiment, players responded to the French SI Scale (Roure et al., 2016) in order to measure their situational interest during the experimentation (including novelty, challenge, attention demand, exploration intention, instant enjoyment and total interest). Researchers administered the questionnaire and collected it directly after completion. To minimize players’ tendency to give socially desirable responses, they were encouraged to answer honestly and were assured that their responses would remain anonymous and confidential.
Measures
Situational interest. The French 19-item SI Scale (Roure, Pasco & Kermarrec, 2016) was used to measure players’ situational interest during the exergame. The scale includes five situational interest dimensions: novelty (e.g, “what we did today was new to me”), instant enjoyment (e.g., “what we did was enjoyable for me”), exploration intention (e.g., “I wanted to analyze and have a better handle on what we were learning today”), attention demand (e.g., “what we were learning demanded my high attention”), and challenge (e.g., “what we were learning was hard for me to do”). Each dimension consisted of three items. Total interest was also measured and consisted of four items. The items were randomly arranged and each was rated on a five-point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree.
Physical Activity Measures. For both groups, HR (beatmin−1) and VO2 (lmin−1) were recorded. Heart rate was recorded via a telemetry monitor (Zephyr). VO2 was recorded via indirect calorimetry using a calibrated metabolic cart (Medisoft). The metabolic cart was calibrated prior to each exergame session with room air and standard gases of known volume and concentration for the oxygen and carbon dioxide analyzers. In addition, cadence (rpm) was continuously recorded by a software developed by Vescape® for each second.
Data analyses
Players’ responses to the questionnaire were aggregated respectively to the five dimensions of situational interest (instant enjoyment, exploration intention, attention demand, challenge and novelty) and to the total interest. Players’ PA measures were synchronized and aggregated to the four sets of the exergame (8 stages in each set). The statistical analyses were then performed in the following steps. Preliminary analyses were first conducted on study variables to examine normality, multicollinearity and internal reliability of the subscales. Then, a Multivariate Analysis of Variance (MANOVA) was performed to check if players’ PA measures (BMI, VO2 max, HR max and MAP) were the same in both groups, confirming group homogeneity prior to the experiment. Pillai’s F statistic was used to determine the statistical significance of the multivariate model because it control for type I error rate with unequal sample sizes. A further MANOVA was conducted to analyze the statistical significance of the groups’ differences in the dimensions of situational interest and total interest. Follow-up univariate ANOVA tests were then conducted based on the statistical significance of the MANOVA test. A Bonferroni post hoc test was employed to measure if there were any statistically significant differences in the participants’ total interest or situational interest variables. Additionally, the differences in the PA measures (%HR max, %VO2 max and cadence) were analyzed with repeated measures MANOVA with the four sets of the exergame as within-subjects factor, and group as between-subjects factor. Follow-up repeated univariate ANOVA tests were then conducted to investigate the differences in the PA measures between the four sets for each group. Version 23.0 of SPSS (SPSS Inc, Chicago, IL) was used for all statistical analyses.
Results
Preliminary Analyses
Analysis of the skewness (-.34 to .71) and kurtosis (-.78 to -.14) values revealed that the data were normally distributed, except for the novelty component as all participants found the exergame new. No problem of multicollinearity between variables was found. Internal consistencies of the situational interest scale were good with Cronbach’s alphas of .82 for total interest, .82 for instant enjoyment, .81 for exploration intention, .84 for attention demand, .79 for challenge and .88 for novelty, respectively. The results from MANOVA revealed that the control group and the experimental group did not differ in BMI, VO2 max, HR max and PMA before the exergame intervention, Pillaï Trace = .02, F(4,55) = 0.27, p = .90, η2 = .02.
Differences in students’ situational interest
The results from MANOVA revealed a significant main effect in situational interest and total interest scores between both groups, Pillaï Trace = .52, F(6,53) = 9.36, p < .01, η2 = .52. Table 1 reports the means, standard deviations and differences between both groups based on situational interest measures [Table 1 near here]. Follow-up univariate ANOVAs tests indicated that mean scores for total interest, instant enjoyment and attention demand differed between the two groups. Post hoc tests using the Bonferroni correction revealed that the experimental group reported higher scores for total interest (15.85 vs 11.89, p < .01), instant enjoyment (13.39 vs 10.32, p < .01), and attention demand (9.10 vs 5.79, p < .01). Furthermore, both groups received lower scores for challenge, validating the choice related to the level of difficulty since the intensity ranged from 65% to 85% of players’ MAP for all participants.
Differences in players’ PA measures
The results from MANOVA revealed a significant main effect in players’ PA measures between both groups, Pillaï Trace = .78, F(12,47) = 19.52, p < .01, η2 = .70. The repeated measures ANOVAs determined that mean scores for cadence, %HR max and %VO2 max were higher for the experimental group compared to the control group, except for the %HR max and %VO2 max at set 1. Table 2 reports the means, standard deviations and differences between both groups based on PA measures [Table 2 near here]. Follow-up repeated univariate ANOVAs tests, with a Greenhouse-Geisser correction, indicated for the control group that only the cadence at the fourth set was higher compared to the cadence at the first and second sets (84.10 > 75.56 and 76.04, p < .01). No differences were observed between the four sets on %VO2 max. Furthermore, %HR max was only lower at the first set compared to the other three sets (73.46 < 76.18, 76.92 and 77.99, p < .01). The same analyses for the experimental group revealed that the cadence increased between the first and the second set, and between the third and the fourth set (90.34 < 100.26 and 100.73 < 103.77, p < .01). The same trend was observed for %VO2 max (63.75 < 72.70 and 74.56 < 78.80, p < .01). Finally, %HR max in this experimental group increased throughout the four sets (76.06 < 84.19 < 86.66 < 89.22, p < .01). 
Discussion
Supporting our first hypothesis, significant differences were found between the experimental and control groups on total interest (15.85 vs. 11.89), instant enjoyment (13.39 vs. 10.32) and, attention demand (9.10 vs. 5.79). Our study confirmed and extended Pasco et al.’s (2017) previous results in so far as playing to Greedy Rabbit increase players’ situational interest through total interest, instant enjoyment and attention demand when compared to a placebo control group. Instant enjoyment and attention demand appear to be key feature of Greedy Rabbit based on its design which includes hedgehog(s) pursuit, a goal to reach at each game stage (i.e. obtain a carrot), and the need to collect information according to the hedgehogs’ random localisation within the maze. However, in contrast to Pasco et al. (2017), we did not find difference between the two groups on the exploration intention dimension. This could have resulted from the difference related to the control group conditions (15min of free cycling vs. a placebo version of Greedy Rabbit). It was easier for the players to find more exploration intention when playing to the exergame in Pasco et al. (2017) considering the huge difference between the control and experimental conditions. Therefore, by using a placebo version of the exergame as a control group, this study indicates that exploration intention cannot be considered as a key feature of the exergame. Researchers and engineers should go back to the design process in order to develop this dimension. Since exploration intention was conceptualized as the learning aspects that drive the learner to explore and discover (Chen et al,, 2014), it could be interesting to increase players’ opportunities to explore and discover their game environment by controlling rabbit directions within the maze.
Supporting our second hypothesis, the PA measures increased more during the session of Greedy Rabbit for the experimental group in comparison to the control group. In the control group, players had only a slight increase in their %HR max at the beginning, and in their cadence at the end. It could be considered that their PA was stable when playing to the placebo version of Greedy Rabbit. According to their lower scores on situational interest dimensions, it seems that the placebo version of the exergame was not sufficiently interesting to stimulate changes in players’ PA. In contrast to this group, the experimental group was characterized by major changes in their PA measures. Along with a constant increase in their %HR max during the exergame, the players also enhance their cadence and %VO2 max from the first set to the fourth set, with a plateau at the second and third sets. Since the %VO2 max of the experimental group ranged between 64% and 79%, it can be concluded that players’ PA was vigorous according to the guidelines of ACSM (2013). Therefore, the design of Greedy Rabbit is appropriate to stimulate players’ MVPA. The speed of the hedgehogs, their random localisation within the maze and the characteristics of each maze are key components of the exergame that can arouse both players’ situational interest and MVPA. All in all, this study demonstrates that a design-based exergame might be a good option to enhance players’ MVPA and situational interest.
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Table 1 
Differences between situational interest measures between the two groups 
	
	
	Control group
	Experimental 
group
	
	

	
	Range
	M
	SD
	M
	SD
	F(1, 58)
	η2

	Total interest
	4-20
	11.89
	3.94
	15.85
	2.88
	19.32*
	.25

	Instant enjoyment
	3-15
	10.32
	3.06
	13.39
	1.45
	28.26*
	.33

	Exploration intention
	3-15
	10.37
	2.79
	9.76
	2.94
	.58
	.01

	Attention demand
	3-15
	5.79
	1.99
	9.10
	3.21
	17.07*
	.23

	Novelty
	3-15
	14.47
	1.07
	14.39
	2.12
	.03
	.00

	Challenge
	3-15
	5.53
	1.74
	6.63
	2.15
	3.85
	.06


Note. F: test value; * p < .01; η2: effect size.


Table 2 
Differences between physical activity measures between the two groups 	Comment by Louise Deldicque: Pas besoin de rapporter 2 décimales, l’unité suffit. 
	
	Control group
	Experimental 
group
	
	

	
	M
	SD
	M
	SD
	F(1, 58)
	η2

	CAD – Set 1
	75.56
	13.27
	90.34
	9.58
	24.06*
	.29

	CAD – Set 2
	76.04
	14.55
	100.26
	5.94
	84.59*
	.59

	CAD – Set 3
	80.04
	12.32
	100.73
	6.19
	75.54*
	.57

	CAD – Set 4
	84.10
	12.07
	103.77
	7.11
	62.77*
	.52

	%VO2 max – Set 1
	59.22
	2.80
	63.75
	1.90
	1.79
	.03

	%VO2 max – Set 2
	60.91
	3.06
	72.70
	2.08
	10.13*
	.15

	%VO2 max – Set 3
	61.77
	3.14
	74.56
	2.14
	11.30*
	.16

	%VO2 max – Set 4
	63.53
	3.13
	78.80
	2.13
	16.26*
	.22

	%HR max – Set 1
	73.46
	1.74
	76.06
	1.18
	1.53
	.03

	%HR max – Set 2
	76.18
	1.85
	84.19
	1.26
	12.75*
	.18

	%HR max – Set 3
	76.92
	1.87
	86.66
	1.27
	18.53*
	.24

	%HR max – Set 4
	77.99
	1.96
	89.22
	1.33
	22.48*
	.28


Note. CAD: cadence (rpm); %VO2 max: maximal oxygen consumption; %HR max: maximal heart rate; F: test value; * p < .01; η2: effect size.

