


the inspiration of actual popcorn machines. At the same time, a
loud ‘‘pop” is heard resembling the sound of popcorn ‘‘popping.”
We thought this was creative, light and entertaining. We certainly
did not over-analyze this component of the game, however, one
could argue that this may contribute to some level of subliminal
marketing to encourage patrons to purchase popcorn at the con-
cession stands before the movie starts.

We also explored to a small degree a financial model that could
be incorporated into Paths. The monetization model could include
a combination of a platform license fee as well as participation in

playing the game in movie theatres. The platform license costs
could be supported through subsidization by the host movie the-
atre and/or individual patron’s purchasing and using the app.

An advertising model could promote the entertainment offering
to attract patrons, increase frequency, create promotional opportu-
nities and deliver incremental revenues. Content in Paths could be
customized and personalized with sponsorship that would be tied
to offers (e.g., movie coupons, concession product vouchers, etc.),
thus creating revenue opportunities.

Fig. 14. Initial layout with 50 players (25 per side).

Fig. 15. Simulated run with 50 players. Each player remains easily identifiable.

Fig. 16. Initial layout with 70 players (35 per side).

Fig. 17. Simulated run with 70 players. Each player remains identifiable.

Fig. 18. Initial layout with 100 players (50 per side).

Fig. 19. Simulated game play with 100 players. Each player remains identifiable.
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9. Conclusion

The pre-show period is becoming an increasingly important
part of the movie-going experience and the film industry itself.
However, an increasing number of moviegoers are finding the
pre-feature period disengaging. The time is right for the pre-
show period to harness the opportunity of social networking and
personal interactive technologies. Since 2005, the pre-movie in-
theatre experience has grown to over a half-billon dollar industry
and this growth has shown no signs of subsiding. Consequently,
there is an industry-wide demand for innovation in the pre-
movie area.

In this paper, we presented Paths, an innovative multiplayer
real-time socially engaging game that we designed, developed
and evaluated. An iterative refinement application development
methodology was used to create the game. The game may be
played on any smartphone and group interactions are viewed on
the large theatre screen. The design of the game was guided by
the desirable characteristics: movie theatre contextual environment;
ease of learning; ease of use; crowd engagement; creation of team
spirit (collaboration) and rivalry (team competition); feasibility;
and scalability.

This paper also reports on the quasi-experimental mixed
method study with repeated measures that was conducted to
ascertain the effectiveness of this new game. The results show that
the game is very engaging with elements of suspense, pleasant
unpredictability and effective team building and crowd-pleasing
characteristics.

The contributions of this work include:

1. the creation of a common openly available generic architecture
for cinema based games that use smartphones;

2. a common generic scientific methodology for the evaluation of
these types of games; and

3. the results of implementing a game using this architecture and
evaluating it using this scientific methodology.

Two videos of the final version of Paths being played in a theatre
environment by 22 and 28 participants respectively are found
here: http://www-acad.sheridanc.on.ca/~sykes/research.html

9.1. Future work

We have additional experiments scheduled for later in 2015 and
others in 2016. We are excited to continue this research to deter-
mine how to improve Paths so that the participant engagement
and satisfaction is further increased. The same survey design
would be used to ensure consistency in the experiment. Our ulti-
mate goal is to test Paths with 100 or more human players.

Using a sophisticated tool like Unity makes it quite straightfor-
ward to provide a visually beautiful and eye-catching experience
for the user. One idea that we explored was a prototype to show-
case Paths in 3D. We discovered that we could reuse much of the
existing code base and just change the various game artefacts to
render everything in 3D instead of 2D. The main challenge here
was figuring out how to generate the paths in 3D. Whereas previ-
ously, we had been using a LineRenderer to draw our paths in
‘‘billboard” fashion (i.e. without any possibility of adapting to a
3D perspective), now we had to come up with a new rendering
process. We decided to experiment with procedural mesh render-
ing where we build the path by surrounding each 3D coordinate
within a square and then connecting the corners of these squares
to produce a 3D mesh. The results were spectacular as can be seen
in the screenshot of the prototype (Fig. 20).
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Fig. 20. Paths 3D – 3D mesh representations of a future version of Paths.
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Appendix A. Closing questionnaire survey sheet

Title of study: Mobile devices at the cinema theatre

This survey is used to determine the effectiveness of the Paths
game – Mobile Devices at the Cinema Theatre. For each question,
select the most appropriate response based on the following scale:

1 = strongly favourable to the concept, 2 = somewhat favourable
to the concept, 3 = undecided, 4 = somewhat unfavourable to
the concept, 5 = strongly unfavourable to the concept.

Appendix B. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.entcom.2016.02.
004.

References

[1] S. Bachir, PECS & FTP Information from Cinplex Media for the Timed HD Pre-
Show, 2015. Retrieved from: <http://media.cineplex.com/pre-show>.

[2] D. Ciaramella, M. Biscuiti, J. Benson, Cinema Advertising Council press release,
2012. Retrieved from: <http://www.cinemaadcouncil.org/docs/press/
zs0uai6dk4fpi1be.pdf>.

1. How engaged were you in playing the game?
Not very engaged Very engaged
1 2 3 4 5
Please share any additional comments:

2. How engaged do you think the audience was?
Not very engaged Very engaged
1 2 3 4 5
Please share any additional comments:

3. How easy was it to learn how to play the game?
Very easy Very hard
1 2 3 4 5
Please share any additional comments:

4. How easy was it to play the game?
Very easy Very hard
1 2 3 4 5
Please share any additional comments:

5. Game difficulty: How easy was it to reach the goal of the game (eg., for your Team to win)?
Very easy Very hard
1 2 3 4 5
Please share any additional comments:

6. Game Challenge—How challenging was the game?
Very little challenge Very challenging
1 2 3 4 5
Please share any additional comments:

7. Mental Demand—How mentally demanding was the game?
Very low Very high
1 2 3 4 5
Please share any additional comments:

8. Timing: What is your opinion of the timing of the game play?
Very slow Just right Very fast
1 2 3 4 5
Please share any additional comments:

9. Performance—How successful do you feel you were in succeeding in the game?
Not Successful Very Successful
1 2 3 4 5
Please share any additional comments:

10. Effort—How hard did you have to work to accomplish your level of performance?
Very little work involved Worked very hard
1 2 3 4 5
Please share any additional comments:

11. Frustration —How insecure, discouraged, irritated, stressed, or annoyed were you?
Very low Very high
1 2 3 4 5
Please share any additional comments:
Please share any additional comments regarding this study:

38 E.R. Sykes et al. / Entertainment Computing 15 (2016) 21–39

http://dx.doi.org/10.1016/j.entcom.2016.02.004
http://dx.doi.org/10.1016/j.entcom.2016.02.004
http://media.cineplex.com/pre-show
http://www.cinemaadcouncil.org/docs/press/zs0uai6dk4fpi1be.pdf
http://www.cinemaadcouncil.org/docs/press/zs0uai6dk4fpi1be.pdf


[3] C. Stacey, S. Soman, Silver Screen ROI: Modeling Techniques for In-Theater
Advertising, 2014. Retrieved from: <http://www.cinemaadcouncil.org/docs/
CAC_ROI_Paper_LBA_042414.pdf>.

[4] E. Schwartzel, B. Fritz, Fewer Americans Go to the Movies, 2014. Retrieved
from: <http://www.wsj.com/articles/
SB10001424052702303949704579461813982237426>.

[5] A. Han, Movie Theater Attendance Hits 20-Year Low, 2015. Retrieved from:
<http://www.slashfilm.com/box-office-attendance-hits-lowest-level-five-
years/>.

[6] A. Smith, E-movie industry and its roles on traditional movie entertainment
modes, Int. J. Business Innovat. Res. 2 (2008) 223–230.

[7] P. Centieiro, T. Romão, A.E. Dias, Playing with the environment, in: Gaming
Media and Social Effects, 2014, pp. 47–69.

[8] P. Marshall, Cineplex TimePlay: Connects iPhone to the Theatre Screen to Get
Interactive, 2015. Retrieved from: <http://timeplay.com/cineplex-brings-
popular-timeplay-experience-across-canada/>.

[9] P. Menon, Saving Cinema: The Declining State of the Movie Theatre. 2015.
Retrieved from: <http://iveybusinessreview.ca/blogs/pmenonhba2010/2015/
01/19/price-admission-decline-movie-theatres/>.

[10] J. Reid, J. Hyams, K. Shaw, M. Lipson, ‘‘Fancy a Schmink?": a novel networked
game in a cafe, Comput. Entertain. 2 (2004) 11. 11-11.

[11] J. Scheible, T. Ojala, MobiLenin – combining a multi-track music video,
personal mobile phones and a public display into multi-user interactive
entertainment, in: ACM Multimedia, 2005 of Conference, ACM, Singapore,
2005.

[12] J. Yoon, J. Oishi, J. Nawyn, K. Kobayashi, N. Gupta, FishPong: encouraging
human-to-human interaction in informal social environments, in: Computer
Supported Cooperative Work (CSCW), 2004 of Conference, ACM Press, Chicago,
Illinois, 2004.

[13] X. Cao, M. Massimi, R. Balakrishnan, Flashlight jigsaw: an exploratory study of
an ad-hoc multi-player game on public displays, in: Proceedings of the 2008
ACM Conference on Computer Supported Cooperative Work, 2008 of
Conference, ACM, San Diego, CA, USA, 2008.

[14] E. Eriksson, T.R. Hansen, A. Lykke-Olesen, Reclaiming public space: designing
for public interaction with private devices, in: Proceedings of the 1st
International Conference on Tangible and Embedded Interaction, ACM, 2007.

[15] S. Jeon, J. Hwang, G.J. Kim, M. Billinghurst, Interaction techniques in large
display environments using hand-held devices, in: Proceedings of the ACM
Symposium on Virtual Reality Software and Technology, 2006 of Conference,
ACM, Limassol, Cyprus, 2006.

[16] I. Belinky, J. Lanir, T. Kuflik, Using handheld devices and situated displays for
collaborative planning of a museum visit, in: Proceedings of the 2012
International Symposium on Pervasive Displays, 2012 of Conference, ACM,
Porto, Portugal, 2012.

[17] T.K. Ballendat, Visualization of and interaction with digital devices around
large surfaces as a function of proximity, in: Institut für Informatik, 2011.

[18] R. Ballagas, M. Rohs, J.G. Sheridan, Sweep and point and shoot: phonecam-
based interactions for large public displays, in: CHI ’05 Extended Abstracts on
Human Factors in Computing Systems, 2005 of Conference, ACM, Portland, OR,
USA, 2005.

[19] D. Gruntjens, G. Lochmann, J. Siebel, S. Muller, Social interaction in gamebased
applications on smartphones in the context of tourism, in: D. Uhler, K. Mehta

(Eds.), Mobile Computing, Applications, and Services: Fourth International
Conference, MobiCASE 2012, Springer, 2013.

[20] P. Centieiro, T. Romão, A.E. Dias, Playing with the environment, in: Gaming
Media and Social Effects, Springer, 2014, pp. 47–69.

[21] Doremi Doremi DCP-2K4 Cinema Server, Doremi, 2015.
[22] Christie Christie ACT Digital Cinema Server, Christie, 2015.
[23] C. Stacey, S. Soman, Benefits of The Cinema Audience, 2014. Retrieved from:

<http://www.cinemaadcouncil.org/docs/CAC_Moviegoer_Insights_
Deck030414.pdf>.

[24] M. Deller, A. Ebert, ModControl – mobile phones as a versatile interaction
device for large screen applications, in: Proceedings of the 13th IFIP TC 13
International Conference on Human–Computer Interaction – Volume Part II,
2011 of Conference, Springer-Verlag, Lisbon, Portugal, 2011.

[25] M. Langdon, Milestone achievements for Cineplex Media: TimePlay available
at theatres nationwide, Cineplex Magazine named fifth most-read, 2014.
Retrieved from: <http://mediafiles.cineplex.com/_att/db031a55-97c1-435a-
80d0-ab7615875821/Press Release - TimePlay launches Nationwide - FINAL.
pdf>.

[26] S. Krashinsky, Cineplex expands smartphone interaction with ads at its
theatres, 2014. Retrieved from: <http://www.theglobeandmail.com/report-
on-business/industry-news/marketing/cineplex-expands-smartphone-
interaction-with-ads-at-its-theatres/article17652944/>.

[27] V. Cheung, D. Watson, J. Vermeulen, M. Hancock, S. Scott, Overcoming
interaction barriers in large public displays using personal devices, in:
Proceedings of the Ninth ACM International Conference on Interactive
Tabletops and Surfaces, 2014 of Conference, ACM, Dresden, Germany, 2014.

[28] A. Seffah, M. Donyaee, B.R. Kline, K.H. Padda, Usability measurement and
metrics: a consolidated model, Softw. Qual. J. 14 (2006) 159–178.

[29] F. Jambon, Formal Modelling of Task Interruptions, in: CHI 96, 1996.
[30] S. Gievska, J. Sibert, Using task context variables for selecting the best timing

for interrupting users, in: Smart Objects and Ambient Intelligence Conference,
2005 of Conference, France, Grenoble, 2005.

[31] P. Sweetser, P. Wyeth, GameFlow: a model for evaluating player enjoyment in
games, Comput. Entertain. 3 (2005) 3–10.

[32] R.E. Mayer, R. Moreno, Nine ways to reduce cognitive load in multimedia
learning, Educat. Psychol. 38 (2003) 43–52.

[33] K. Hilla, Using mobile devices for motor-learning laboratory exercises, J. Phys.
Educat. Recreat. Dance 85 (2014) 20–26.

[34] W. Trochim, J.P. Donnelly, The Research Methods Knowledge Base, Atomic
Dog, 2006.

[35] Bitbucket, Paths Bitbucket repository, 2015; Retrieved from: <https://
bitbucket.org/cineclickteam/cineclickproject>.

[36] G.E. Farin, J. Hoschek, M.-S. Kim, Handbook of Computer Aided Geometric
Design, Elsevier, 2002.

[37] T.W. Sederberg, S.R. Parry, Free-form deformation of solid geometric models,
in: ACM SIGGRAPH Computer Graphics, ACM, 1986.

[38] D.B. Willingham, A neuropsychological theory of motor skill learning, Psychol.
Rev. 105 (1998) 558–584, http://dx.doi.org/10.1037/0033-295X.105.3.558.

[39] E. Gamma, R. Helm, R. Johnson, J. Vlissides, Design patterns: elements of
reusable object-oriented software, Pearson Education, 1994.

[40] M. Szella, S. Thurner, Measuring social dynamics in a massive multiplayer
online game, Social Netw. 32 (2010) 313–329.

E.R. Sykes et al. / Entertainment Computing 15 (2016) 21–39 39


