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Abstract

Neck Posture; Awareness; Gamification

Common, complex, and burdensome to individuals and
society alike, neck pain is estimated to affect more than
70% of the population at some point in life and
between 12-34% of the population at a given time,
with one study finding that 45.5% of office workers
experienced neck pain in a 12-month period [1]. We
plan to build a system that would give real time alert to
the user, each time they maintain an unhealthy neck
posture. The system would give a visual data analysis
of the amount of time the user maintains an unhealthy
neck posture and provide feedback to assume a healthy
posture; and the threats involved with maintaining
unhealthy posture over a long time.
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Introduction

H.5.2 User Interfaces: Prototyping

Technology has seen a rapid growth in the last decade.
Smartphones, laptops, tablets, and the like are
gradually shifting from a position of luxury to need.
There is a strong tendency for people to use these
devices for long hours, both at work and at home.
Among other factors, however, frequent computer use
is commonly associated with increased risk of neck pain
[1,4,5].

Atlanta, GA, USA
rushil.khurana@gatech.edu
Elena Marinelli
Georgia Institute of Technology
Atlanta, GA, USA
emarinelli@gatech.edu

Atlanta, GA, USA
tsaraf7@gatech.edu
Shan Li
Georgia Institute of Technology
Atlanta, GA, USA
sli357@gatech.edu

Author Keywords

Permission to make digital or hard copies of part or all 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 third-party components of
this work must be honored. For all other uses, contact the Owner/Author.
Copyright is held by the owner/author(s).
CHI 2014, Apr 26 - May 01 2014, Toronto, ON, Canada
ACM 978-1-4503-2474-8/14/04.
http://dx.doi.org/10.1145/2559206.2580936

Neck pain is estimated to affect more than 70% of the
population at some point in life and between 12-34% of
the population at a given time, with one study finding
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that 45.5% of office workers experienced neck pain in a
12-month period [1].
Healthy posture may be part of the solution to the
widespread problem of neck pain. Improvements in
posture are associated with decreased musculoskeletal
symptoms [3,5]. Users have responded positively to
personalized interventions that facilitate postural
awareness using real-time data. While ergonomic
education can provide short-term benefits,
interventions involving ongoing feedback and
instruction to reinforce the desired behavior have been
shown to improve ergonomics and maintain those
improvements over time [5].

Contextual Investigation
We framed our contextual investigation of the
association between posture and cervical pain by
focusing on pain associated with frequent technology
use. As stated previously, frequent computer use is
commonly associated with increased risk of neck pain
[1,4,5]. An increasing number of people using
computers for longer periods of time may therefore
present worrisome implications for public health.
Posture, in addition to a variety of ergonomic, physical,
psychosocial, and personal factors, is associated with
work-related neck problems [1,2]. Among other
variables, neck pain is significantly correlated with
frequently sustaining a prolonged forward bent neck
position, frequent prolonged sitting, and frequent
repetitive motions [1]. Posture alone may not be
determine whether or not an individual experiences
neck pain. Edmunston et al. [6] found that,
quantitatively, seated posture in subjects with postural
neck pain was not significantly different from posture in

asymptomatic control subjects, but the subjects with
neck pain had a different perception of their posture
than controls. The possibility that persons with neck
pain may have impaired positional perception supports
the value of a system that could help users improve
their posture based on objective data.
Users have responded positively to personalized
interventions that facilitate postural awareness using
real-time data. One study of different ergonomic
interventions for office workers included a photo
training group in which workers received personalized
office training on proper ergonomics and work area
adjustments, a group that only received office training,
and a control group [5]. Workers in the photo
intervention group received self-modeling feedback at
frequent random intervals throughout the workday in
the form of a pop-up screen with a photo of the worker
with correct posture and ergonomics shown side-byside with a photo of the worker's current posture [5].
The photo intervention group demonstrated similar
short-term benefits as the group that received only
office training, but while postural improvements and
reductions in pain for the group with office training
alone deteriorated over the course of the intervention
to baseline levels, the photo training group exhibited
sustained postural gains and reported reduced pain [5].
Though both intervention groups reported reduced pain
from baseline scores, the photo training group
preserved postural gains as well as pain reduction.
Based on these findings, our system will be designed to
provide users with accessible, personalized,
quantitative postural feedback over a prolonged period
of time. Explicitly and consistently alerting users to
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unhealthy posture in real time, as well as educating
users about the musculoskeletal elements of
establishing and maintaining healthy posture, should
facilitate sustained postural awareness and
improvement.

Design Solution
Design Solution - Body Sensor Component
We propose designing a sensor to measure the different
positions of the neck. The user will wear this sensor on
the lower neck region with a body adhesive.
The sensor for our system will consist of an
accelerometer augmented by a gyroscope to measure
the different positions of the neck posture each day.
The sensor continuously maps out the user's neck
position. By default, it will vibrate to notify the users of
their current unhealthy neck posture after every 10
minutes. The vibration feedback time is customizable
through the phone interface. The sensor communicates
with the mobile interface via Bluetooth where it
communicates the information collected by the body
sensor to the mobile interface for determining the
mechanics of healthy vs. unhealthy posture. The
message to vibrate the sensor is also relayed back to
the body sensor via the Bluetooth channel.

Design Solution – Mobile Interface Component
The mobile interface has several screens pertaining to
the different available options, as described below.
HOME SCREEN: CURRENT POSTURE
“Current Posture” serves as the application's home
screen. Here, the user can see whether or not they
currently have healthy or unhealthy posture. If the
user's current posture is unhealthy (C1), some tips are
offered for improving one's posture. Below the tips is
the “Badge Earned” section, which displays the user's
current badge(s) and, if clicked, navigates to the
“Badges” screen.
When the user assumes a healthy posture after having
been in an unhealthy posture, a transition screen (C2)
is shown briefly before the healthy posture screen (C3)
appears. The screen for healthy posture is very similar
to the unhealthy posture one, except that instead of a
mournful giraffe with bad posture, a happy one with a
straight neck appears.

Vibration feedback in an awareness system notifies
users of unhealthy neck posture without them having to
check their phone for an alert. The vibratory feedback
is an intervention mechanism designed to intercede
with the ongoing activity of the user to alert her of an
unhealthy posture.
C1: Unhealthy

C2: Transition

C3: Healthy

Figure 2: Different posture states on mobile interface
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POSTURE TRACKING:

B1: Checked out
T1: Daily

T2: Weekly

B2: Checked-in

T3: Monthly

Figure 3: Different data tracking options in mobile interface

Tracked data about the user's posture, categorized as
either healthy or unhealthy, can be displayed by day,
by week, or by month. The daily (T1) postural
breakdown is displayed as a pie chart, while weekly
(T2) and monthly (T3) data are displayed as stacked
bar graphs. The date ranges change when viewing
daily, weekly, monthly data.
BADGES
The screen lists the badge that the user has currently
earned as well as the achievements the user needs to
meet, such as continuously maintaining a healthy
posture for 15 minutes, before they earn the next
badge. The missions could be updated after the user
completed one mission on the list (B3->B4). From this
page, the user can also choose to check in with
Facebook (B2); once signed in, the user can press the
“See Friends' Rankings button” to see the current
leaderboard for their Facebook friends.

B3: Original Missions

B4: Updated Missions

Figure 4: “Badges” screen on the mobile interface

LEARN:
The “Learn” screen shown in Figure 5, accessed by
pressing the “Learn” button at the bottom of the
screen, offers educational tips about posture, such as
the amount of extra stress placed on one's spine when
assuming forward head posture. The set of tips and
facts being presented on this screen will be constructed
from peer-reviewed published work. The user can
navigate to the next or previous tip by pressing the
back or forward arrow buttons.
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Figure 5: “Learn” screen on mobile interface

SETTINGS:
The user can navigate to the “Settings” screen as
shown in Figure 6, at any time by selecting the gear
icon located on the right hand side of the top logo
banner. From the “Settings” menu, the user can set or
calibrate different options. She can turn the main
application on or off, which in turn switches posture
tracking on or off, toggle vibration feedback from the
body sensory on or off and select a preferred intensity,
turn the notification/taskbar icon on or off to display an
icon to keep track of her posture from outside of the
app, and set how quickly she would like to be notified if
she assumes an unhealthy posture.

Design Decisions
Five main functions define the interface:
Current, Track, Badges, Learn and Settings. The
“Current” and “Track” screens are associated with
collecting and presenting the data obtained from the
sensor worn by the user. These two provide the basic

Figure 6: “Settings” screen for mobile interface

functionality that helps the user in keeping track of
their posture information. A review of existing posture
awareness systems showed that every competitor
system provides these basic functionalities.
The goal of our system is to make the user more aware
of his or her posture. Since habit formation is a lengthy
process, the user would likely need to wear our system
regularly for long periods of time to establish greater
postural awareness, which we hypothesize will
eventually lead to maintenance of healthier posture.
Therefore, we felt that there needed to be a mechanism
for encouragement and positive reinforcement of
desirable behaviors, such as wearing the system and
improving one’s posture. To achieve this, we decided to
gamify the application and allow for a competitive
system where the user earns high scores for posturerelated accomplishments, such as wearing the system
and maintaining healthy posture for increasingly longer
periods of time. In the social component of the
“Badges” section, users can share their
accomplishments with friends who also use the system

231

Student Design Competition

CHI 2014, One of a CHInd, Toronto, ON, Canada

and compete for the highest score in their social
network, providing intrinsic and extrinsic motivation to
use the system. In addition, the “Learn” section of the
application promotes awareness through education by
providing the user with tips and facts about the
consequences of unhealthy neck posture and how to fix
it. With these functions, our system truly educates and
motivates users.
“Settings” is an important function for all applications.
Customizability is a very important usability principle.
The “Settings” function is specifically important in our
design because we are intervening in the user’s space
by providing notifications such as vibration feedback
from the body sensor.

Acknowledgements
The design solution was functionally prototyped (not
realized) under the guidance of Dr. Bruce Walker,
Professor at Georgia Institute of Technology. The
authors would also like to acknowledge the support and
help provided by Riley Winton and Ramitha Chitloor,
graduate students at Georgia Institute of Technology,
in conceiving the final design.

References
[1] Cagnie, B., Danneels, L., Tiggelen, D. V., Loose, V.
D., & Cambier, D. (2007). Individual and work related
risk factors for neck pain among office workers: a cross

sectional study. European Spine Journal, 16(5), 679686.
[2] Côté, P., van der Velde, G., David Cassidy, J.,
Carroll, L. J., Hogg-Johnson, S., Holm, L. W., Hurwitz,
E. L. (2008). The burden and determinants of neck pain
in workers. European Spine Journal, 17, 60-74.
[3] Falla, D., Jull, G., Russell, T., Vicenzino, B., &
Hodges, P. (2007). Effect of neck exercise on sitting
posture in patients with chronic neck pain. Physical
Therapy, 87(4), 408-417.
[4] Hakala, P. T., Rimpelä, A. H., Saarni, L. A., &
Salminen, J. J. (2006). Frequent computer-related
activities increase the risk of neck–shoulder and low
back pain in adolescents. European Journal of Public
Health, 16(5), 536-541.
[5] Taieb-Maimon, M., Cwikel, J., Shapira, B., &
Orenstein, I. (2012). The effectiveness of a training
method using self-modeling webcam photos for
reducing musculoskeletal risk among office workers
using computers. Applied Ergonomics, 43(2), 376-385.
[6] Edmondston, S. J., Chan, H. Y., Chi Wing Ngai, G.,
Warren, M. L. R., Williams, J. M., Glennon, S., & Netto,
K. (2007). Postural neck pain: an investigation of
habitual sitting posture, perception of ‘good’ posture
and cervicothoracic kinaesthesia. Manual therapy,
12(4), 363-371.

232

