Literature Review
❏ Over 70% of people’s mental and physical health
suffer due to effects of stress and conditions
that may arise from it (Bethune, 2021)

❏ Heart Rate
Variability (HRV)
is a measure of
the variation in
time between
each heartbeat
(Campos, 2017)
❏ HRV is recorded through cardiac monitors
such as ECG/EKG (Shaffer & Ginsberg, 2017)
❏ For low HRV, time between each subsequent
heartbeat is shorter
❏ For high HRV, time between each
subsequent heartbeat is longer
❏ HRV directly correlates with stress and other
physiological attributes (Lehrer & Gevirtz, 2014)
❏ Such as regulating heart rate, blood
pressure, or breathing
❏ Upward HRV trends indicate overall health
improvements (Deusen, 2019)
❏ Lower HRV trends tend to mean more stress
while higher HRV trends tend to mean less
stress (Schubert et al., 2010)

Development
Application
Development of
of an Autonomous WatchOS Application
that
Stress
that uses
uses HRV
HRV and
and Vibrational Pulses to Reduce Stress
Methods

❏ Two sample t-test for Group 1 and Group 2 HRV
was t-value = 19.65; p value was < 0.00001

Developed WatchOS application and iOS companion app in Xcode
❏ Application emits vibrational pulses based on the user’s current HR
and resting HR until the user’s current HR matches their resting HR
❏ HR data is automatically stored after each haptic session to the iOS
companion app for viewing

❏ Heart Rate
Figure 1.
❏ UI of application
❏ Shows HR and
time

❏ Mentors gave feedback on the development of the application and
gave suggestions on the experimental design
Testing Application
❏ Based on of our mentor’s previous experiment (Azevedo et al., 2017)
❏ Group 1: Did not receive pulses, Group 2: Received pulses
❏ For both groups, participants wore the watch on their non-dominant
wrist with the application active
❏ CorSense sensor was attached to their non-dominant hand’s
index ﬁnger to monitor cardiac activity
❏ All participants were given a control of 5 untimed practice problems
in which the vibrations were not emitted
❏ Participants were then given 10 minutes to complete 50 Algebra 1
based math questions
❏ Participants also completed an STAI questionnaire before and after
the stressful task to record reported stress levels

Figure 2.
❏ iOS companion
app to monitor
HR for the user

Results

Figure 3: Results of average baseline scores
and average 10-min task performance for
Group 1 and Group 2

Figure 5: Results of moving average HR trends
for Group 1 and Group 2 during 10 min task

Figure 3: Results of 10 minute math
questionnaire for Group 1 and Group 2

Figure 5: Results of moving average HR trends
for Group 1 and Group 2 during 10 min task

❏ Coded WatchOS application that would send
pulses based on active HR
❏ Gave task of summarizing an article

Figure 4: Results of STAI average change from
before and after task for Group 1 and Group 2

Figure 6: Results of moving average HRV (RMSSD)
trends for Group 1 and Group 2 during 10 min
task

❏ VAS questionnaire
❏ Inconsistent heart rate data
❏ HRV data was simpliﬁed and averaged out as
RR intervals were derived from bpm
❏ Results found that Group with pulses scored
better on task and had lower HR and higher
HRV
❏ Group with pulses also self-reported having
more stress than the control group
❏ Low participant size of 4 participants due to
COVID-restrictions

❏ Analysis shows there was a statistical signiﬁcance
for Group 1’s baseline to task performance and
Group 2’s baseline to task performance
❏ Supports reliability of Group 2’s higher average
score
❏ There was a statistical signiﬁcance for HR and HRV
comparing Group 1 and Group 2
❏ Supports the trend of decreased HR and
increased HRV for Group 2
❏ There was also a statistical signiﬁcance for Group 1’s
STAI before and after results and Group 2’s STAI
before and after results
❏ Supports the lower average increase for Group 2
❏ Data revealed minimal group differences for the
baseline test
❏ Shows that Group 2 doesn’t overly excel in the
area of the task compared to Group 1

Conclusion

Previous Research

❏ Not very accurate in measuring stress

❏ Paired t-test of Group 1’s STAI results before and
after the task was p = 0.00065

Discussion

❏ Heart Rate (HR) is a measure of the rate of
which the heart beats (Silva et al., 2018)

❏ Rubric was bias on reviewer’s judgement

❏ STAI

*All measures reach a statistical signiﬁcance of p < .05

❏ STAI, or State-Trait Anxiety Inventory,
questionnaire measures participant reported
stress and anxiety levels (Spielberger et al.,
2010)

❏ Some were better at reading/writing

❏ Two sample t-test for Group 1 and Group 2 HR was
t-value = -3.66; p value was < 0.000136

❏ Paired t-test of Group 2’s STAI results before and
after the task was p = 0.042

❏ A fast rhythm creates a more energetic feeling
while a slower rhythm creates a more calming
feel (Webster et al., 2005)

❏ Found there were too many variables

❏ Paired t-test of Group 1’s baseline and task
performance was p = 0.00065

❏ HRV

❏ Vibrational pulses made people focus more
clearly than without vibrations (Azevedo et al.,
2017)

❏ The purpose of the project is to develop an
autonomous WatchOS application that uses
HRV and vibrational pulses to reduce stress
without taking time away from the task that is
trying to be completed

❏ Task

❏ Paired t-test of Group 2’s baseline and task
performance was p = 0.0031

❏ Stress relieving activities take valuable time
away from the task that is trying to be
completed (Segal et al., 2021)

Purpose Statement

Data Analysis

Results Summary
❏ Group 2, which received the vibrational pulses, scored higher on the task by 7% than Group 1. A higher score by
Group 2 was predicted
❏ Average HRV trends for Group 2 increased during the task while HRV trends for Group 1 decreased during the
task. An increasing HRV trend for Group 2 was predicted
❏ Average HR trends for Group 2 increased less during the task while HR trends for Group 1 increased more
during the task. A lower increasing HR trend for Group 2 was predicted
❏ STAI questionnaire average increase was lower for Group 2 by 1.7 points compared to Group 1. A lower score by
Group 2 was predicted
❏ Group 2 scored 2% higher than Group 1 on the baseline test

❏ Prior studies support the results and conclusion
(Azevedo et al., 2017)
❏ In their study, the group that received the pulses
had lower HR and measured stress levels
❏ Group 2 also had similar results
❏ Group 2 had better performance on the task
and showed trends of lower stress through
psychological and physiological measures
compared to Group 1
❏ Limitations
❏ Corsense data had a few artifacts during reading
❏ Low sample size of 20 participants

Implications
Continue development of application
❏ More populous testing
❏ Add custom gestures and haptic responses
Develop application for other smart watches
❏ More accessible to users
Create own device
❏ More affordable
❏ Custom visual and engineering design
Research haptics
❏ Research into how different vibrational pulse
frequencies/rhythms affect participants
Improve user’s quality of life
❏ Help people focus and reduce their symptoms of
stress and anxiety without taking away valuable
time from their lives
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