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Abstract
Social interactions motivate engagement with physical ac-

tivities. This paper extends existing work on software gen-

erated partners for exercising from single-user settings to a

multi-player social exergame. Initial results suggest that our

Wizard of Oz agents in our game StepQuest may prolong

player engagement with the game, increase their participa-

tion in moderate physical activities, and are preferable to

idle human players.
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Introduction and Background
Approximately two thirds of the U.S. adult population is af-

fected by overweight and obesity. Social exergames use

players’ social interactions and gameplay to increase play-

ers’ motivation for physical activities (PA) and potentially

lead to a more active lifestyle [1, 7].

However, how to sustain players’ engagement with so-

cial exergames for an extended period of time is an open

problem. Most existing empirical findings on social ex-

ergames are from short-term studies, typically 2-3 weeks

[2]. A promising direction is to use computer agents to

provide extra support and guidance. Although a widely

used approach in multi-player games for entertainment



(e.g., non-player characters), the use of agents in social

exergames and multi-player serious games in general is

limited.

Our prior work [2], extending the typical 2-3 week studies in

literature to 6 weeks, showed significantly decreased player

engagement and PA performance after 3-4 weeks. To fur-

ther explore how to sustain player engagement, this paper

reports our new agent-based approach and our preliminary

results.

Research in software generated partners [5, 6, 8] has shown

positive impact when the user exercises with a computer

agent as partners. Specifically, existing work indicates that

a superior agent (one that performs better than its human

counterpart) can improve exercise motivation in exergames

[5, 8]. Our on-going work extends this insight from single-

user settings to a multi-player game called StepQuest (4

human players plus 2 agents). In addition, we expand the

original work’s setting from single lab sessions to extended

play (6 weeks) in the wild. Our initial 6-week user study

(n=10) uses a Wizard of Oz protocol to test agent behavior.

Our preliminary results indicate that agents may prolong

player engagement, increase participation in moderate PA,

and are preferable to idle human players.

Figure 1: Screenshot of

StepQuest

Figure 2: Area Capture through

Enclosing an area

StepQuest and Agent Design
StepQuest is a multi-player, social exergame for mobile de-

vices where two teams of three players compete to capture

spaces on a board (Figure 1). The team with more captured

spaces at the end of two weeks wins the game. Players

earn in-game moves based on their steps tracked via Fitbit.

Designed for extended play, StepQuest supports asyn-

chronous play (to accommodate players’ different sched-

ules), increase the gameplay complexity and replayabil-

ity, and create a sense of temporal progression. Details of

our design is in our prior work [2]. StepQuest supports two

main types of social interaction: competition between teams

and collaboration within teams. Competition takes place

as the two teams race to capture more space. Its main col-

laborative mechanic is area capture. Players of a team can

create an encirclement, enclosing an area and capturing

all spaces within (Fig. 2). Any enemy players inside the en-

circled area will be sent to the starting position. With this

design, the game rewards the team that collaborates more

effectively toward larger area captures to win the game.

In our new agent design, we replace two of the six play-

ers (one from each team) with agents controlled by an

algorithm. Existing research on software generated part-

ners suggests that superior computer agents can increase

users’ PA performance [5, 8]. We extended this insight from

single-user settings to a multi-player social exergame and

from lab settings to a extended period of gameplay in the

wild. Each agent is given 1.2 times the average daily steps

of its two human teammates from the previous day, ad-

justed by a random factor between 0.8 and 1.2 to increase

variability. Using actions allowed based on its daily steps,

the agent will act in the following order: 1) comply if a team-

mate requests an action; 2) notify a teammate who is at

risk of being captured; 3) complete or facilitate an area cap-

ture if it is closest player to make that capture. Note that

this protocol focuses primarily on facilitating human players

instead of initiating new gameplay strategies.

Preliminary User Study
To explore the potential of using agents in social exergames,

we conducted a new 6-week user study. We designed a

two-group, between-subject experiment with 10 college

students (2 males, 7 female, 1 non-binary, average age

19.4) recruited from a university in a large U.S. city. We

randomly assigned 4 participants, controlled for gender





In contrast, idle human players in the control group had

a negative impact. Participants from the losing team ex-

pressed that they would not feel as demotivated if they were

paired with an agent to compensate for idle players. Players

stated, "We probably would’ve covered more space [if we

had an agent teammate instead of an idle human player],"

and "I wouldn’t feel as hopeless about catching up."

Conclusion and Future Work
We presented our approach to extending player engage-

ment to social exergames using agents. Extending exist-

ing software generated partner literature, we developed a

Wizard of OZ protocol for superior agents to motivate and

engage human players in StepQuest. The results of this 6-

week study suggest that agents may potentially increase

player engagement with the game and are preferable to

idle human players. Despite the limitation of the sample

size, our initial results show that an agent-based approach

is a promising direction worthy of further investigation. For

future work, we plan to implement agent behavior and eval-

uate its effect with a larger sample.

Acknowledgement
This work is partially supported by the National Science

Foundation under Grant Number IIS-1816470.

REFERENCES
1. Nadia Bianchi-berthouze. 2013. Understanding the

Role of Body Movement in Player Engagement.

Human-Computer Interaction 28, 1 (2013), 40–75.

2. Karina Caro, Yuanyuan Feng, Timothy Day, Evan

Freed, Byod Fox, and Jichen Zhu. 2018. Understanding

the Effect of Existing Positive Relationships on a Social

Motion-based Game for Health. In Proceedings of 12th

EAI International Conference on Pervasive Computing

Technologies for Healthcare. ACM, forthcoming.

3. Cora L Craig, Alison L Marshall, Michael Sjorstrom,

Adrian E Bauman, Michael L Booth, Barbara E

Ainsworth, Michael Pratt, ULF Ekelund, Agneta Yngve,

James F Sallis, and others. 2003. International physical

activity questionnaire: 12-country reliability and validity.

Medicine and science in sports and exercise 35, 8

(2003), 1381–1395.

4. Nils Dahlbäck, Arne Jönsson, and Lars Ahrenberg.

1993. Wizard of Oz studies-why and how.

Knowledge-based systems 6, 4 (1993), 258–266.

5. Deborah L Feltz, Samuel T Forlenza, Brian Winn, and

Norbert L Kerr. 2014. Cyber buddy is better than no

buddy: A test of the Köhler motivation effect in

exergames. GAMES FOR HEALTH 3, 2 (2014),

98–105.

6. Emery J Max, Stephen Samendinger, Brian Winn,

Norbert L Kerr, Karin A Pfeiffer, and Deborah L Feltz.

2016. Enhancing aerobic exercise with a novel virtual

exercise buddy based on the Köhler effect. Games for

health journal 5, 4 (2016), 252–257.

7. Florian Floyd Mueller, Martin R Gibbs, Frank Vetere,

and Darren Edge. 2017. Designing for Bodily Interplay

in Social Exertion Games. ACM Transactions on

Computer-Human Interaction 24, 3 (2017), 1–41.

8. Stephen Samendinger, Samuel T Forlenza, Brian

Winn, Emery J Max, Norbert L Kerr, Karin A Pfeiffer,

and Deborah L Feltz. 2017. Introductory dialogue and

the Köhler Effect in software-generated workout

partners. Psychology of sport and exercise 32 (2017),

131–137.


	Introduction and Background
	StepQuest and Agent Design
	Preliminary User Study
	Results
	Discussion

	Conclusion and Future Work
	Acknowledgement
	REFERENCES 

