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Abstract
Olfactory displays (digital interfaces that generate and 
diffuse  smells  to  a  user  with  a  purpose)  have  been 
proposed  and  researched  to  support  the  user 
experience  (UX)  of  video  game  players.  These 
emerging  human-computer  interfaces  have  great 
potential  for  stimulating  players'  mood,  helping 
immerse them in video game scenarios, and supporting 
other  human senses used for  playing games,  among 
other useful applications. However, little is known about 
effective mixed research and reporting methodologies 
for  developing and testing olfactory displays in video 
games.  These  interfaces  pose  a  number  of 
multidisciplinary  research challenges,  such as  how to 
measure the smell  perception in video game players. 
This  workshop  paper  will  discuss  mixed  research 
methodologies on the development of olfactory displays 
in  video  games,  such  as  the  use  of  usability 
questionnaires and field testing, and reporting aspects 
regarding  quantitative  and qualitative  aspects on  the 
odors and players' UX. 

Author Keywords
Olfactory interfaces; smell; video games; UX; usability; 
qualitative data; quantitative data; multidisciplinary 
research

Permission to make digital or hard copies of all or part of this work for personal or classroom use is 
granted without fee provided that copies are not made or distributed for profit or commercial 
advantage and that copies bear this notice and the full citation on the first page. Copyrights for 
components of this work owned by others than ACM must be honored. Abstracting with credit is 
permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior 
specific permission and/or a fee. Request permissions from permissions@acm.org.
CHI 2014, April 26–May 1, 2014, Toronto, Ontario, Canada.

Copyright ©ACM 978-1-4503-2473-1/14/04...$15.00.

Miguel A. Garcia-Ruiz

Algoma University

Dept. of Computer Science 

1520 Queen St E., Sault Ste. 

Marie, ON P6A 2G4

miguel.garcia@algomau.ca

Pedro C. Santana

College of Telematics

University of Colima

Ave. Universidad 333, Colima, 

28040, Mexico

psantana@ucol.mx

Raul Aquino-Santos

College of Telematics

University of Colima

Ave. Universidad 333, Colima, 

28040, Mexico

aquinor@ucol.mx



ACM Classification Keywords
H.5.m. Information interfaces and presentation (e.g., 
HCI): Miscellaneous. 

Introduction
Olfactory  displays  (digital  interfaces  that  generate  and 
diffuse one or more odors to a human user with a purpose) 
have been proposed and used in computer interfaces for a 
supporting  users  in  information  recall,  helping  immerse 
users  in  3D  environments,  and  supporting  other  human 
senses, among other applications [1]. In addition, smell can 
convey  meaningful  information  at  the  computer/digital 
product  interface.  Other  applications  of  olfactory  display 
include  the  use  of  smells  as  warning  signals,  and  as  a 
“mood  enhancer”  employing  aromatherapy  techniques, 
since  smell  stimulates  emotional  responses.  In  addition, 
olfaction  is  a  powerful  recall  stimulant  that  may  support 
learning of complex information.  Odors have a number of 
technical  properties  that  can  be  successfully  exploited  in 
human-computer  interaction  (HCI),  such  as  directional 
properties,  intensity,  the chemical  nature of  the odor,  and 
hierarchical  properties,  among  others  [2].  An  olfactory 
interface provide users with smells that convey meaningful 
information. 

The  use  of  smell  at  the  computer  interface  was  initially 
proposed and researched during the eighties and nineties 
as  an  important  component  in  virtual  reality/virtual 
environment applications, since olfaction can be a powerful 
sensory channel to enhance presence in virtual reality and 
improve the perception of spatial cues [4]. Recent research 
describe the use of olfactory displays in video games, where 
smells can be a powerful medium for supporting the user 
experience  (UX)  of  video  game  players,  enhancing  their 
mood,  and  supporting  players'  immersion,  among  other 
applications [5,6]. 

This workshop paper focuses on discussing mixed research 
methodologies  and  reporting  issues  regarding  the 
development and application of olfactory displays in video 
games.  Despite  significant  advantages  of  olfactory 
interfaces, the sense of smell is one of the least used and 
researched senses in HCI, including its applications in video 
games. One possible reason is because olfactory displays 
pose challenges regarding smell generation, diffusion, and 
removal.  Another  reason  is  that  effective  mixed  research 
methodologies  are  needed.  Why  we  need  a  mixed 
approach? Because, based on our previous experience with 
olfactory  interfaces,  an  olfactory  display  project  should 
analyze both quantitative and qualitative data obtained from 
prototyping  and  playtesting  sessions.  In  particular,  we 
should analyze qualitative aspects on the UX of the olfactory 
interface used in the game and how the interface affects its 
playability, and quantitative aspects based on the usability of 
the olfactory display, such as the efficiency and the efficacy 
of  the  odors  used  in  the  game,  among  other  research 
aspects. In addition, we also need to find effective reporting 
techniques  for  conveying  the  results  from  the  mixed 
research. 

Proposed Methodologies
We  believe  that  combining  sound  interface  design  and 
testing  methodologies  such  as  the  user-centered  design 
paradigm (integrating users in all the interface development 
steps)  [3],  usability  studies  and  field  testing  will  greatly 
support  research  on  smell  in  video  games.  Usability 
questionnaires such as the System Usability Scale (SUS) 
[10] are suitable for playtesting video games and obtaining 
quantitative data. With the SUS questionnaire, for example, 
players can assign a usability value from 0 to  100.  Field 
studies will allow us to observe and get qualitative data from 
players using the olfactory interface in a natural setting. The 
triangulation of  both quantitative and qualitative data from 



the studies,  as well  as analyzing past  research data,  will 
improve  our  understanding  on  the  effects  of  olfactory 
interfaces  in  video  games,  and  researchers  and 
practitioners  will  get  more  valuable  user  feedback  for 
improving their design.

Challenges Regarding Research on Olfactory 
Displays in Video Games

The selection and application of research methodologies 
and reporting techniques for developing olfactory displays in 
video games is not a trivial task, since  smells in video 
games pose a number of cognitive, cultural, psychological, 
and technical challenges, including the following:

• As [7] pointed out, it can be difficult to effectively 

measure the user experience (UX) on the quality of 
olfactory data presented through olfactory 
interfaces. This is important because UX will, in 
turn, affect players' motivation and engagement 
when interacting with video games that use 
olfactory displays.

• There is very little research on how to efficiently 

and promptly remove artificially-generated odors 
from the video game setting (e.g. a living room) [1].

• [8] warn that it can be challenging to generate a 

specific smell that suits the context of an olfactory 
display application. Similarly, it can be difficult to 
find a suitable smell that can be used effectively as 
a smell that conveys abstract information.

• Some researchers argue that Western culture is 

predominantly visual [9], which may have slowed 
down the widespread use of olfactory interfaces. 
However, although Western learning styles are 
generally visual, this does not exclude using other 
learning styles or incorporating other senses in 
learning and training.

• There is no consensus within the science of smell 

on how to classify odors effectively [1]. This may 
affect the design and development of olfactory 
interfaces with multiple odors.

• Some users may have medical conditions that 

affect smell perception in computer interfaces, 
such as anosmia (the inability to perceive any 
odor) or hyposmia (a decreased ability to smell). In 
addition, the common cold is the usual cause for 
temporary or partial loss of smell [1].

Conclusions
Olfactory  displays  (digital  interfaces  that  generate  and 
diffuse smells to a user with a purpose) have been proposed 
and  researched  to  support  the  user  experience  (UX)  of 
video game players. This paper discusses multidisciplinary 
research  methodologies  regarding  the  development  and 
testing of olfactory displays in video games. Smells in video 
games pose a number of cognitive, cultural, psychological, 
and  technical  research  challenges  that  will  need  to  be 
addressed in the workshop.
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