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Abstract.

Physical activity provides substantial health benefits yet physical inactivity is
one of the most challenging problems of these days. Development in mHealth
and eHealth applications, such as wearable technology, create vast opportunities
but are still insufficiently used to promote sustainable physical activity. To en-
hance the development of such products, participation and cooperation of profes-
sionals with different knowledge and expertise is required. We developed a board
game called COMMONS to enhance interdisciplinary collaboration in the design
of health-related wearable technologies. In this paper we present the design pro-
cess of COMMONS, results of the play sessions and discuss the future develop-
ment of COMMONS and the possible implications within the field of Human-
Computer Interaction.

Keywords: Interdisciplinary teams, communication, Human-Computer Interac-
tion, board games, physical activity

1 Introduction

There is ample evidence that being physically active provides substantial health ben-
efits (1). However, to stimulate people to be physically active is one of the most chal-
lenging problems of these days. Individual characteristics such as knowledge, social
support and motivation but also modernization trends, and environmental and economic
conditions influence physical activity (1,2).

In recent years reducing physical inactivity and enhancing active lifestyles have been
an ongoing topic in Human-Computer Interaction (HCI) and have increasingly become
a field of application for low-cost technology, including mHealth and eHealth applica-
tions. In the past five years, the market of so-called wearables has grown exponentially,
partly due to developments in IT and sensor technology (3,4). Developments in low-
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cost technologies have created vast opportunities for health improvement and facilitate
behaviour change (5) but are still insufficiently used to promote sustainable physical
activity (6). One of the possible reasons for this would be that engineers, when design-
ing wearable devices for measuring and promoting physical activity (such as trackers),
mainly focus on the technological aspects (7,8). This leads to technically ingenious
products with advanced functions suitable for data collection. However, the impact of
these wearable technologies on health is therefore also limited (9). Moreover, wearables
are often no longer used after just a few months (7,9).

To prevent this, technological aspects will have to integrate with individual, social
and environmental aspects. A personalized approach is absent in most consumer avail-
able wearables because limited non-technological expertise is consulted and the user is
often not properly involved in the design process (7). For example, the specific
knowledge of various experts, such as behavioral scientists and human movement and
health scientists, is often not mutually incorporated in the development of wearable
devices (10). Janssen et al. (2018) argue that designing health-related products for a
heterogeneous group of people requires an interdisciplinary design approach (8). To
enhance the success of problem-solving the participation and cooperation of individuals
with different knowledge and expertise is required (11). Interdisciplinary research and
development can transfer knowledge, insights and findings between disciplines (12).
Yet, a collaboration between disciplines is not straightforward and needs special atten-
tion. Although the need for interdisciplinary teams has increased, researchers and de-
velopers have become more specialized over the past years (12). Given the speed of
change, technological possibilities and different user needs during the research and de-
velopment of wearable technology, there is often not enough time to build a stable,
interdisciplinary team (11-13). Often members of interdisciplinary teams have differ-
ent ways of communicating, have different definitions for the same words per their
expertise and might have a mental model in which they fully or partially disregard other
disciplines as they perceive their expertise as the better one (11,12,14-16). This leads
to sub-optimal outcomes.

In this article we present COMMONS a tool developed to enhance interdisciplinary
collaboration in the design of health-related wearable technologies. This board game
approach provides a playful situation during which different experts can learn, in a safe
environment, to share expertise, knowledge and skills. COMMONS brings them up to
speed with each other’s definitions, ways of thinking, and showing what’s important to
them. The goal is to facilitate an interdisciplinary team with the opportunity to progress
through their design cycle earlier, more effective and more qualitative.

2 What’s in a game

In the last decennia, the use of game elements is becoming increasingly popular (17).
Simultaneously, there has been a resurgence of board games. Many new kinds of board
games, with different mechanics, themes and gameplay, have been introduced and be-
come popular (18). Games have several general characteristics in common (19). They
are often a simulation of a real event or situation but have little real-life consequences



(i.e.itis not real, it is play). Next, games usually have a location (board) and a duration
of play. Players compete against each other or the game, individually or collaborating
with other players. Further, games often require a certain amount of skills, be it physical
or mental, and playing the game improves these skills. Moreover, games usually have
an element of chance and a level of uncertainty. If it is obvious who will win at hand,
it is no longer fun to play (19).

Serious games go beyond entertainment. They are developed to have a certain impact
on behavioral, motivational or attitudinal outcomes which are widespread linked to
learning outcomes (20,21). In the last decennia, the use of these kind of games is be-
coming increasingly popular (20). Besides this we see that board games for entertain-
ment use serious subjects more often in their design.

3 Design of a board game for interdisciplinary collaboration

Our aim was to develop a board game as a tool to enhance interdisciplinary collab-
oration in designing wearable technology. The game focuses on communication and
value of skills and expertise with an output as a result. First, we identified interesting
mechanics in existing games like Dixit (2008) and Codenames (2015) that we believe
can achieve this goal in our board game design. We have not limited our research and
development to these games, but they have provided us with a starting point for our
iterations and user testing. In playtesting with the co-authors, we played Dixit and
Codenames in a purpose-shifted setting in which the clues were focused around wear-
ables (i.e. activity tracking devices). The authors have a background in different disci-
plines (i.e. human movement sciences, behavioral sciences and industrial design), and
therefore value properties of activity tracking devices differently. By playing these
games, we recognized we started to understand each other’s expertise, and furthermore
were trying to think like the other.

Second, we developed a paper-prototype of
two games with similar game characteristics as
Dixit and Codenames. In a second playtesting
we tested these games: Marketplace and Coop-
eration. We found that certain characteristics of
the first developed game (Marketplace) were
counterproductive to the goals of the game: im-
proving communication, shifting mental mod-
els and valuing each other’s knowledge and
skills. Participants were playing tactical, to win
the game, instead of cooperating. An important
lesson was that players must collaborate to win
the game.

Fig. 1. Cooperation



In the second developed game (Cooperation, see picture 1) the intended objectives

were approached. Within the game, players are part of a development team and must
develop an activity tracker based on various features. Each round consists of discussing
a card with a feature on it. Players jointly determine whether or not this feature is used
in their activity tracker to be developed. When there is no consensus players have to
roll a dice, and there is a disruptive element we call “The CEO’. This disruptive element
are cards with a command that change the state of the game. Important lessons that we
learned were that players cannot have the exclusive right to reject a card and must be
actively involved in taking a decision. Furthermore, since we are focusing on improving
communication, we need to clearly define what is effective and what is not. Communi-
cation involves multiple facets such as frequency of communication between individu-
als, the context of what is communicated, the role of each within a team, and the afore-
mentioned differences between experts. As such, measuring communication can be dif-
ficult (23).
We built the next iteration of the Cooperation game based on the acquired knowledge
and experience gained from the previous steps. We call this game COMMONS (see
picture 2), which refers to shared resources in which each stakeholder has an equal
interest (24). Players of COMMONS are part of a development team, composed by a
fictitious woman who calls herself ‘Kairos’. The assignment for this team is to develop
an activity tracker based on various features and focused on a persona. This persona
consists of a description of a person’s interests, motivation, character and goals in rela-
tion to physical activity. Each round consists of a player reading a card out loud with a
feature (related to hardware, software, user experience design or behavioral change
technique) on it. Players then have to vote according to the consent method. We incor-
porated this so every player is actively involved in the decision making. Consent means
that a decision has been taken when none of the players present argue or predominantly
object to taking the decision. Meaning: only when there’s agreement, there’s a decision.
In this case a player presses the ‘green’ button if he wants the feature to be a part of the
activity tracker, the ‘blue’ button if he gives consent (neutral) and the ‘red’ button if he
has a predominant objection.

Fig. 2. COMMONS



A result of the voting there are three options:

1. All players press green or blue and the card is accepted and will be placed on the
board.

2. At least one player presses red, with the rest of the players pressing either red or blue
and the feature has been rejected. The card goes onto the discard pile.

3. At least one player has voted green, with another voting red, resulting in no agree-
ment and thus discussion.

When option 3 occurs, there is a minute to discuss the overriding objections. The
players have to explain their arguments and discuss them with the others. A better un-
derstanding of each other's position arises and there may be a shift in one’s view and
choice. Then the second round of voting occurs and again the same three options are
possible. If option 3 arises again the card will then be placed in the ‘discussion box’
and will not be placed on the board. When a card is placed on the board there are 5
positions in which the card can be placed. Position 1 is most important to the players,
position 5 the least important. If a card is placed all other cards move one position. So,
if a card is placed on number 4 this card shifts to number 5 and number 5 falls off the
board and will be placed in the ‘nice-to-have box’. The players have limited time to
discuss the placement of the card. They must agree on the position of the card but if
time runs out, a single player decides where the card will be placed. Because, at that
moment, there is no proper consent, the dice must be rolled. ‘Kairos’ comes around
when throwing a specific number of eyes. When this occurs, the players draw a ‘Kairos
card’. These cards contain a command that changes the state of the game (switch cards,
taking back a card form the ‘discussion box’, etcetera). This game characteristic works
disruptively and causes unpredictability. The only way players can deal with this is by
working together.

By facilitating choice and discussion, participants are actively involved in the pro-
cess and they have to share their point of view. Participants gain insight into each
other’s arguments, what is important to them and at the same time they are creating a
mutual language and a set of definitions. Participants must compromise, and at the end
of the game, they have created a joint solution.

4 Research through design prototype

COMMONS is a research trough design prototype with elements for logging data
(e.g. data on voting, time spent on voting and discussion, card positioning, etcetera)
(25). By logging data while playing we hope to gain insights into the dynamic process
of choice, discussion and compromise between member of an interdisciplinary team
while they work to accomplish common goals (26,27). We have set a number of varia-
bles that can give us information about these topics. To collect the intended data this
prototype works with voting boxes, cards with RFID tags and RFID card readers in the
board. The prototype registers rounds, time, votes, and card movements.



In Table 1 we give an overview of the data acquired based on a play session with
four players with a different expertise. Player 1 has a background as movement scien-
tist, player 2 is a UX designer, player 3 has a background in business and marketing
and player 4 is an industrial designer. We developed 89 features, divided in four cate-
gories: (i) Hardware (15), (ii) Software (17), (iii) User Experience Design (9) and (iv)
Behavioral Change Technique (BCT) (48). For this play session we selected 35 features
(cards) and therefore 35 rounds. 9 features for Hardware, 7 features for software, 5
features for User Experience Design and 14 features for Behavioral Change Technique.

14 of the 35 features were directly accepted, 10 of the features were directly rejected
and 11 of the features were the reason for discussion. These 11 features were discussed
and after the second round of voting 5 features were accepted, 4 features rejected and
2 features were still reason for discussion. What stood out is the kind of property that
is most accepted on the one hand and most discussed on the other hand. Eighty percent
of the BCT features were directly accepted against none of the software features. 11
percent of the Hardware features were directly accepted compared to 40 percent for
User Experience Design features. In the end solution there were 3 BCT features, 1
Hardware feature and 1 User Experience Design feature. When we look at the voting
behaviour of the players (see table 1), we see that there are notable differences between
the players. Player 1 agrees on 11 of the 35 features to be a part of the activity tracker
against 19, 15 and 12 for player 2, 3 and 4. The inter-player differences in disagreeing
with a feature are smaller. Player 1 disagrees on 12 of the features compared to 13, 14
and 15 for player 2, 3 and 4. Player 3 stands out when voting after the discussion. In
these cases, he agrees on 6 of the 11 features compared to 3, 3 and 4 for players 1, 2
and 4.

Features that were voted to be a part of the activity tracker were on average 7 rounds
on the board. One of the BCT-related features ‘Discrepancy’ was on the board for 8
rounds but was not part of the final solution. Two other BCT-related features ‘Goalset-
ting behaviour’ and ‘ Social reward” were both on the board for 6 rounds but were also
no longer on the board at the end of the game.

5 Discussion and future work

What we have learned so far is that COMMONS facilitates the conversation between
different disciplines. Due to the structure the game offers, players are encouraged to
talk about the content without having unproductive debates of expertise or loss of time
by talking about a feature for too long. Researchers, designers and developers who work
within HCI often work from a multidisciplinary point of view. COMMONS, and the
ideas behind it, could be an addition to existing toolboxes and methodologies.

It is currently too early to draw conclusions from this data. Yet, it is striking that
most ‘software’ features were directly rejected and were not part of the end solution.
The background of the players might have played a role here. Also the voting behavior
of player 2, 54% directly agree, and player 3, 55% agree after discussion, is notable.
Although the features were divided proportionally over the rounds, in the second part
of the game (round 19 to 35) the players rejected 7 features compared to 3 features in



the first part of the game. Whether this is due to a better understanding of each other’s
position or a more common language is too early to conclude.

In the next research phase, we will make adjustments in game rules. For instance,
the ‘Kairos cards’ must not be drawn too quickly but do have to be drawn more often
and the commands must be less disruptive. For instance, players indicated that the com-
mand: ‘remove all cards from the board’ caused a depressed atmosphere. During the
play session we experimented with longer discussion time and players indicated that
they prefer this. This gave them more time to understand each other. We also saw that
they shielded their voting boxes when pressing the voting button. Upon further inquir-
ies, it turned out that players preferred to cast their votes anonymously after which the
choices will be made public. This also prevents players from casting a vote based on a
vote by another player. Furthermore, players pointed out that the cards must not contain
too much information, because that blocks the possibility of discussion as the cards
become too descriptive.

During the next iterations, the game is played with different kinds of groups. Partic-
ipants will fill out a questionnaire that we have developed beforehand which contain
questions relating to gaining insight in each other’s point of view and arguments. This
allows us to map these variables to our data. In addition, play sessions will be recorded
on video to also collect information about the content and quality of the mutual conver-
sations, arguments and discussions. The first testing was recorded and we are exploring
the possibilities to measure the quality of the communication. We know from literature
that communication is important within interdisciplinary teams. The National Acade-
mies of Science (28) states that “At the heart of interdisciplinarity is communication -
the conversations, connections, and combinations that bring new insights to virtually
every kind of scientist and engineer’’ (p. 19). Also certain communication processes
are important for good quality communication: spending time together, discussing lan-
guage differences and shared laughter (16). We can gain insight into these processes
through observation with targeted items.

Once these adjustments have been made, extensive testing will take place with play-
ers from different expertises. In addition, we are curious about the differences between
teams that do know each other, and those who do not. We aim at five different teams
that know each other and five teams that don’t know each other. Given the context in
which this game is developed (wearable technology related to physical activity), we
want to question various areas of expertise related to this. This includes movement sci-
entists, behavioral scientists, industrial designers, engineers, sport- and exercise
coaches, and users of wearable technology.

Our goal is to facilitate an interdisciplinary team with a tool to enhance their progress
through their design cycle earlier, more effective and with more quality. And perhaps,
with more pleasure and fun as well.

Acknowledgement: This work is supported by the Netherlands Organization for Scien-
tific Research (Grant 023.012.054).
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1 BCT: Habit formation Accepted 1 0

2 Software: Notification function R d 1 0 No

3 User Design: Supports scientific data Rejected 12 No

4 BCT: Social support (emotional) Accepted 3 0 Yes 4 8 4 No 3
5 Hardware: Changeable straps Discussion 7 Accepted 4 Yes 5 8 3 No 5
6  User Design: Adjustments in look & feel - Accepted 5 0 Yes 6 8 2 No 4
7 BCT: Focus on past success Accepted 3 0O Yes 7 8 1 No 4
8 Hardware: Heartrate monitor _m_ Discussion 3 No

9 BCT: Discrepancy - Accepted 1 0 Yes 9 24 15 No 1
10 Hardware: Large battery life Accepted 1 0 Yes 10 15 5 No 2
11 Software: Goalsetting adjustments Accepted 4 Yes 11 15 4 No 3
12 BCT: Feedback outcome 1 0 Yes 12 35 23 Yes 1
13  Software: Coach guidance 8 Discussion 7 No

14  Hardware: Accelerometry Accepted 1 Yes 14 35 21 Yes 2
15 BCT: Goalsetting behaviour 0 Yes 15 23 8 No 4
16 Hardware: GPS meter Rejected 0 No

17  Hardware: Large memory - Rejected 15 0 No

18 BCT: Goalsetting outcome Accepted 4 0 Yes 18 20 2 No 5
19  Software: Playing music Rejected 0 No

20 BCT: Social reward Accepted 0 Yes 20 28 8 No 3
21  Software: Programmed activities Discussion Rejected 15 No

22 Hardware: Vibration function Rejected 0 No

23 BCT: Prompts/ Cue's Accepted 1 0O Yes 23 35 12 Yes 3
24  Software: Exporting data Rejected 0 No

25 BCT: Commitment Accepted 0 Yes 25 27 2 No 5
26 User Design: Help function Rejected 0 No

27 User Design: Intuitive Accepted 1  Yes 27 35 8 Yes 1
28 BCT: Reward approximation Accepted 0 Yes 28 32 4 No 5
29  Hardware: Altimeter Rejected 0 No

30 BCT: Behavioral contract Rejected 0 No

31 Software: Adjust privacy level Rejected 15 No

32 User Design: Feedback adjustments Accepted 3 0 Yes 32 38 6 No 5
33 BCT: Emotional consequence Discussion 11 Rejected 12 No

34  Hardware: Colourscreen Rejected 0 No

35 BCT: Feedback behaviour Accepted 5 Yes 35 35 0 Yes 4

Table 1. column A: round number, B: type of card, C,D,E,F: vote player 1,2,3 and 4, G: Consent or not, H: combination of votes; 1,J,K,L: vote player 1,2,3 and 4 after
discussion, N: combination of votes after discussion, O: card gets on the board, P: Round number card gets on the board, Q: Round number card gets off the board, R:
Number of rounds the card is on the board, S: Is the card a feature of end solution, T: Highest position on the board



Reference

1.

10.

11.

12.
13.

Bauman A, Bill B, Cavill N, Chandrasiri O, Friedman D, Martin K, et al. A tech-
nical package for increasing physical activity. World Heal Organ 2018 [Internet].
2018;24. Available from: http://apps.who.int/iris/bitstream/han-
dle/10665/275415/9789241514804-eng.pdf?ua=1

Michie S, van Stralen MM, West R. The behaviour change wheel: A new method
for characterising and designing behaviour change interventions. Implement Sci
[Internet]. 2011;6(1):42. Awvailable from: http://www.implementation-
science.com/content/6/1/42

Middelweerd A, Mollee JS, van der Wal CN, Brug J, te Velde SJ. Apps to promote
physical activity among adults: a review and content analysis. Int J Behav Nutr
Phys Act. 2014;11:9.

Vos S. Designerly solutions for vital people. University of Technology, Eindho-
ven.; 2016.

Hermsen S, Frost J, Renes RJ, Kerkhof P. Using feedback through digital tech-
nology to disrupt and change habitual behavior: A critical review of current liter-
ature. Comput Human Behav [Internet]. 2016;57:61-74. Available from:
http://dx.doi.org/10.1016/j.chb.2015.12.023

Shih P, Han K, Poole ES, Rosson MB, Carroll J. Use and Adoption Challenges of
Wearable Activity Trackers. iConference Proc. 2015;(1):1-12.

Vos S, Janssen M, Goudsmit J, Lauwerijssen C, Brombacher A. From Problem to
Solution: Developing a Personalized Smartphone Application for Recreational
Runners following a Three-step Design Approach. In: Procedia Engineering.
2016. p. 799-805.

Janssen M, van den Heuvel R, Megens C, Levy P, Vos S. Analysis of the design
and engineering-process towards a first prototype in the field of sports and vitality.
forthcomming.

Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et
al. Efficacy of interventions that use apps to improve diet, physical activity and
sedentary behaviour: A systematic review. Int J Behav Nutr Phys Act [Internet].
2016;13(1). Available from: http://dx.doi.org/10.1186/5s12966-016-0454-y
Epstein DA, Kang JH, Pina LR, Fogarty J, Munson SA. Reconsidering the device
in the drawer. Proc 2016 ACM Int Jt Conf Pervasive Ubiquitous Comput -
UbiComp ’16 [Internet]. 2016;829—40. Available from: http://dl.acm.org/cita-
tion.cfm?doid=2971648.2971656

MOGLEN G, POFF NL, COOPER S, STANLEY E, PIZZUTO J, BENDA LE,
etal. How to Avoid Train Wrecks When Using Science in Environmental Problem
Solving. Bioscience. 2006;52(12):1127.

KOSTOFF RN. Overcoming Specialization. Bioscience. 2006;52(10):937.
Edmondson AC. Organization & Culture: Teamwork on the fly. Harv Bus Rev.
2012;90(4):72-80.



10

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Blandford A, Newhouse N, Perski O, Murray E, Gibbs J, Singh A. Seven lessons
for interdisciplinary research on interactive digital health interventions. Digit
Heal. 2018;4:205520761877032.

McGloin R, Wasserman JA, Boyan A. Model Matching Theory: A Framework
for Examining the Alignment between Game Mechanics and Mental Models. Me-
dia Commun. 2018;6(2):126.

Thompson J. Building collective communication competence in Interdisciplinary
research teams. J Appl Commun Res. 2009;37(3):278-97.

Landers RN, Armstrong MB, Collmus AB. How to Use Game Elements to En-
hance Learning: Applications of the Theory of Gamified Learning. Serious Games
Edutainment Appl Vol I1. 2017;(March):457-83.

Booth P. Game Play : Paratextuality in Contemporary Board Games. Game Play :
Paratextuality in Contemporary Board Games. Bloomsbury Academic; 2015. 264
p.

Bartmann N, Bonick J, Garland S, Gilja R, Hopper W, Jiang T, et al. Games and
gamification. A litarature review. Durham; 2018.

Landers RN. Developing a Theory of Gamified Learning: Linking Serious Games
and Gamification of Learning. Simul Gaming. 2014;

Emmerich K, Bockholt M. Serious games evaluation: Processes, models, and con-
cepts. In: Lecture Notes in Computer Science (including subseries Lecture Notes
in Artificial Intelligence and Lecture Notes in Bioinformatics). 2016.

Game Play : Paratextuality in Contemporary Board Games. Game Play : Paratex-
tuality in Contemporary Board Games. 2015.

Anania EC, Keebler JR, Anglin KM, Kring JP. Using the cooperative board game
pandemic to study teamwork. In: Proceedings of the Human Factors and Ergo-
nomics Society. 2016.

Indiana University. Digital library of the commons [Internet]. 2006 [cited 2019
Apr 3]. Available from: http://dlc.dlib.indiana.edu/dlc/contentguidelines

Lim YK, Stolterman E, Tenenberg J. The anatomy of prototypes: Prototypes as
filters, prototypes as manifestations of design ideas. ACM Trans Comput Interact.
2008;

Salas E, Shuffler ML, Thayer AL, Bedwell WL, Lazzara EH. Understanding and
Improving Teamwork in Organizations: A Scientifically Based Practical Guide.
Hum Resour Manage. 2015;

Wolters E, Frens J, Trotto A, Hummels C, Jaasma P. [X]Changing Perspectives.
2017;(2017):259-69.

Sciences NA of, Engineering NA of, Medicine | of. A Vision of Interdisciplinary
Research. In: Facilitating Interdisciplinary Research. 2005.



