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Abstract. Advancements integrating computers and mobile devices with
physiological sensors may increase individual opportunities for stress aware-
ness. Conversely, computers and mobile devices, remain sources of stress,
particularly in student populations. Use of these devices can have a negative
effect on breathing patterns, which can, in turn, cause or exacerbate stress. This
study explores whether breath counting and abdominal breathing activities may
be useful to help manage stress induced by computer use. Nine male senior
computer science students completed a repeated-measures experimental
sequence which included Stroop color-word tasks followed by periods of sitting
quietly or periods of conducting one of three breathing activities. The study
highlights the possibility that college students may be able to use five-minute
breathing activities to effect physiological responses. The study advocates the
continued examination of these breathing activity effects on skin conductance
(SC), heart rate (HR) and breath ratio. It also suggests that there may be simi-
larity in overall effect on respiration rate (RR) for the three breathing activities
used in this study. Future studies with larger sample sizes and demographic
diversity may provide better fidelity on suggested relationships. This study
expands upon a previously published work in progress [1].
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1 Introduction

Portable and wearable sensor technology is becoming ubiquitous and enables one to
potentially gain greater visibility of one’s own physiological measures [2–10]. Inte-
gration of physiological sensors with computers, mobile devices and other platforms
will continue to expand the possibilities for augmented cognition related to stress
monitoring, especially through the use of sensors to monitor skin conductance (SC),
heart rate (HR) and respiratory rate (RR) [5, 7, 10–18]. As this integration continues,
individual users will have enhanced capacity, to monitor, record, and become more
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aware of their own physiological signals and use this information to make decisions
about their health, especially stress management.

2 Theoretical Background

2.1 Students, Stress and Technology

College and university students generally experience high levels of stress [19–23].
Some of this stress may be caused, or intensified by using computers and electronic
devices, which in some cases can cause superficial or irregular breathing [24–26].
Computers and mobile devices could eventually be used to help remedy this phe-
nomenon, particularly if used to build awareness of breathing and variations in
physiological signals, and to enable individuals to make behavioral changes, which is
consistent with approaches used in breath-related biofeedback for stress management
[27–34].

2.2 Breathing and Stress Management

As noted previously [1], science has thoroughly documented the complex physiological
relationship between breathing and stress [35–38], which is consistent with long-
standing knowledge applied in a variety of meditative and other traditions [39–42].
Since breathing is both reflexive and voluntary, it has the potential to both cause and
help manage stress. Breathing activities that have been used with children and students
include breath counting [43, 44] and abdominal breathing [19, 32, 45–47].

One aspect of using breathing activities for stress management involves enabling
individuals do develop an awareness of their own breathing. Breath awareness is used
extensively in a variety of meditative practices, including meditative practices applied
for stress management [43, 48–52].

2.3 Physiological Measures

From an augmented cognition perspective, the following physiological measures may
be particularly useful for monitoring stress levels because sensors that measure these
signals are becoming more integrated with computers and mobile devices.

Skin Conductance (SC). One measure of electrodermal activity (EDA), SC is the
change in electrical conduciveness of the surface of the skin caused by eccrine sweat
glands secretions. It is measured in microsiemens (lS) and increases in SC are gen-
erally related to increased physiological arousal [38, 53, 54].

Heart Rate (HR). HR is derived from electrocardiogram (ECG) measures by con-
verting the heart period (inter-beat interval - IBI) into beats per minute to quantify
cardiac activity. (It can also be determined by counting heart beats.) HR measures are
converted to average beats per minute (BPM) and increases in HR can indicate
physiological arousal [38, 53, 54].
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Respiratory Rate (RR). RR is the quantification of breathing by counting respiratory
cycles. One cycle is comprised of one inhalation and one exhalation [38, 54]. It is
measured in average breaths per minute (BrPM1).

Breath Ratio. Breath ratio is a calculated value derived by dividing the standard
deviation of the voltage obtained from an abdominal belt sensor by the standard
deviation of the voltage obtained from a thoracic belt sensor. Values less than one
indicate a thoracic breathing style and values greater than one indicate an abdominal
breathing style [55].

2.4 Research Questions

Based on the aforementioned information, the following research questions have
emerged as the basis of this study:

RQ1: Can college students use a five-minute breathing activity to regulate physio-
logical responses caused by computer use?

RQ2: Are there significant differences in effect on physiological responses between
quiet sitting and the breathing activities of breath counting, abdominal
breathing and combined breath counting and abdominal breathing?

2.5 Hypotheses

The research questions are parsed into hypotheses related to specific breathing activities
and physiological measures, which will guide data collection and analysis. Since the
computer-based task is designed to elicit physiological response, any change in
physiological response would be demonstrated by comparing the activity periods
immediately following each computer-based task.

H1: Participants can use a five-minute breath counting activity to regulate physio-
logical responses caused by computer use.
H1:1: The breath counting activity will cause a change in participant SC when

compared to the quiet sitting activity.
H1:2: The breath counting activity will cause a change in participant HR when

compared to the quiet sitting activity.
H1:3: The breath counting activity will cause a change in participant RR when

compared to the quiet sitting activity.
H1:4: The breath counting activity will cause a change in participant breath

ratio when compared to the quiet sitting activity.
H2: Participants can use a five-minute abdominal breathing activity to regulate

physiological responses caused by computer use.
H2:1: The abdominal breathing activity will cause a change in participant SC

when compared to the quiet sitting activity.

1 The acronym BPM appears in medical and scientific literature to refer to both breaths per minute for
RR and beats per minute for HR. This study uses the acronym BrPM to clearly distinguish breaths
per minute from beats per minute (BPM).
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H2:2: The abdominal breathing activity will cause a change in participant HR
when compared to the quiet sitting activity.

H2:3: The abdominal breathing activity will cause a change in participant RR
when compared to the quiet sitting activity.

H2:4: The abdominal breathing activity will cause a change in participant
breath ratio when compared to the quiet sitting activity.

H3: Participants can use a five-minute combined breathing activity (breath counting
and abdominal breathing) to regulate physiological responses caused by a
computer use.
H3:1: The combined breathing activity will cause a change in participant SC

when compared to the quiet sitting activity.
H3:2: The combined breathing activity will cause a change in participant HR

when compared to the quiet sitting activity.
H3:3: The combined breathing activity will cause a change in participant RR

when compared to the quiet sitting activity.
H3:4: The combined breathing activity will cause a change in participant breath

ratio when compared to the quiet sitting activity.

Evidence for or against these hypotheses involves a statistically significant change
in the mean physiological signal measure between the periods of quiet sitting and the
breathing activity periods. If there is a change, it may indicate that the participant is
able to use the breathing activity to regulate physiological response, which supports the
hypotheses. If there is no change it may indicate that the participant is not able to use
the breathing activity to regulate physiological response, or that the breathing activity
had no effect - both of which do not support the hypotheses.

2.6 Stroop Effect

The Stroop Effect [56] describes interference that occurs when two inconsistent stimuli
are simultaneously presented to an individual and the individual’s response to the
designated stimulus is slower (in milliseconds) than when two stimuli are consistent.

Stroop color-word tasks present color words in font colors that match or do not
match the color word. Participants are instructed to respond by identifying the font color,
not the color-word. Stroop color-word tasks have been employed extensively to study
stress and cognitive load [33, 34, 57–64]. As previously noted [1], Stroop tasks are
effective laboratory stressors because practice effects only emerge after prolonged
exposure [65] and because individual response to interference cannot be controlled [64].

3 Method

The purpose of this study is to investigate the efficacy of university student use of
breath counting, abdominal breathing and combined breathing treatments to regulate
physiological responses caused by a computer-based task. This study uses a repeated
measures design to account for the range of participant physiological variation.
Physiological responses were measured and recorded throughout each session across
the experimental activity sequence.
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3.1 Participants

Nine male university seniors were recruited from a summer computer science course.
Participants age ranged from 20–24 years with the average age of 22 years. Participants
received extra credit as compensation for their participation and all participants com-
pleted the experimental activity sequence. Each participant indicated he was in good
health and had normal color vision.

3.2 Activity Sequence

Figure 1 shows the experimental activity sequence. The researcher first recorded
baseline physiological measures for each participant during a two and one-half minute
period of no activity (Fig. 1, item 1). Next, participants practiced the Stroop color-word
task [66] for two and one-half minutes (Fig. 1, item 2). All participants then completed
a series of three – two and one-half computer-based Stroop color-word tasks, each
immediately followed by five minutes of quiet sitting (Fig. 1, items 3–8b).

After rehearsing a breathing activity that corresponded with their treatment group
for two and one-half minutes (Fig. 1, item 9), participants subsequently completed
another series of three – two and one-half minute Stroop tasks, each followed by
five-minute periods of the breathing activity (Fig. 1, items 10–15b).

Stroop Color-Word Task. This study uses a modified version of an existing
computer-based Stroop color-word task [66] for the specific purpose of eliciting
physiological responses. Participants were instructed to complete the task as quickly
and accurately as they were able. Each participant completed a total of seven iterations
(including a practice period – Fig. 1, items 2, 3, 5, 7, 10, 12 and 14).

In the task, the program displays color words in a font color that matches or does
not match the color word. Only four colors are used: red, green, yellow and blue. Items
are randomly displayed to participant, half having matching color word and font color
and half not. Participants are instructed to respond by pressing the key on the computer
keyboard that corresponds with the first letter of the font color (not the color word). The
message “Correct. Press SPACE to continue” appears after correct responses. The
message “INCORRECT. Don’t rush” is displayed for incorrect responses.

1. 2. 3. 4a. 4b. 5. 6a. 6b. 7. 8a. 8b. 

Base-
line

Stroop 
Task 

Practice

Stroop 
Task

Quiet
Sitting

Stroop 
Task

Quiet
Sitting

Stroop 
Task

Quiet
Sitting

9. 10. 11a. 11b. 12. 13a. 13b. 14. 15a. 15b.

Breathing
Activity
Practice

Stroop 
Task

Breathing 
Activity

Stroop 
Task

Breathing 
Activity

Stroop 
Task

Breathing 
Activity

Fig. 1. Experimental activity sequence with each, two and one-half minute period delineated.
Letters a and b after numbers designate the first and second halves of five-minute activities.

Can University Students Use Basic Breathing Activities 19



3.3 Treatments

The researcher used restricted random assignment, forcing equal sample sizes to place
participants in one of three breathing activity conditions: (a) breath counting, (b) ab-
dominal breathing and (c) combined - both breath counting and abdominal breathing.
Each treatment group had three participants (Table 1).

Quiet Sitting. Participants completed a total of three, five-minute quiet sitting tasks,
(Fig. 1, items 4a–b, 6a–b, and 8a–b). For quiet sitting, participants were instructed to
maintain a comfortable sitting position with their backs straight and refrain from
talking.

Breath Counting. The researcher provided participants in the breath counting treat-
ment group a breath-counting worksheet with the following instructions and verbally
reviewed the instructions with each participant:

1. Sit up comfortably with your back straight and both feet on the floor.
2. Breathe comfortably and focus your attention on your breathing.
3. When the time starts, mark the worksheet with the next breath event that occurs:

inhale start, inhale end, exhale start, exhale end.
4. Continue to mark the worksheet with each subsequent breath event as it occurs:

inhale start, inhale end, exhale start, exhale end.
5. Continue to breathe comfortably.

Abdominal Breathing. The researcher provided participants in the abdominal
breathing treatment group a worksheet with the following instructions and verbally
reviewed the instructions with each participant:

1. Sit up comfortably with your back straight and both feet on the floor.
2. Place your dominant hand on the center of your chest and your other hand on the

center of your abdomen.
3. Inhale slowly through your nose and permit your abdomen to expand as your

diaphragm descends and your lungs fill; while at the same time keeping your chest
and upper body as still as you can.

4. Exhale slowly through your nose and permit your abdomen to reduce and move
toward your spine as your diaphragm rises and your lungs empty; while at the same
time keeping your chest and upper body as still as you can.

5. Keep your eyes open and observe your abdomen as it moves.

Table 1. Participants by group
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6. Focus your attention on the sensations of breathing and when you notice that your
mind has wandered, bring your attention back to your breathing sensations.

7. Continue to breathe slowly, deeply and comfortably.

Combined. The researcher provided and verbally reviewed both instruction sets and
worksheets to the participants. The participants completed the breath counting and
abdominal breathing activities simultaneously with the following minor modification:
participants used their dominant hand to mark the breath counting worksheet and
placed the other hand on their abdomen.

Variables. The independent variable for this study is the treatment group: (a) breath
counting, (b) abdominal breathing and (c) combined. The dependent variables are
(a) SC, (b) HR, (c) RR and (d) breath ratio.

SC was measured by placing two disposable sensors side-by-side on the medial
side of the right foot along the plantar surface of the longitudinal arch [53]. HR was
measured by placing one pre-gelled disposable sensor on each of the participants
forearms inferior to the antecubital space [53]. RR was measured using two belt sen-
sors: one placed around the middle of the participant’s abdomen and the other around
the upper portion of the participant’s thorax [55].

3.4 Procedure

Lab Description. The lab space is air conditioned and equipped with fluorescent lights
and an acoustic tile drop ceiling. It contains two sections, the experimental workstation
and the proctor workstation. The experimental workstation is comparable to a standard,
64-in. by 64-in. office cubicle, equipped with a small desk, computer workstation and
static chair. The computer is equipped with a 20-in. monitor, standard keyboard and
mouse. It is separated from the lab equipment and the proctor workstation by a 64-in.
by 72-in. fabric covered partition. The proctor workstation has two displays and two
sets of controls. One monitor, keyboard and mouse that mirrors and controls the
participant’s experimental workstation and another monitor, keyboard and mouse to
view and record the physiological signals.

Instrumentation. The researcher used BIOPAC MP150 system to collect physio-
logical data. Signals were recorded at 1000 Hz across four channels: channel one –

EDA, channel two – electrocardiogram (ECG), channel three – abdominal breathing
signal, channel four – thoracic breathing signal. All signals were recorded and prepared
with BIOPAC AcqKnowledge software [67].
To determine HR, the researcher used the software to mark and count QRS peaks in the
ECG channel. To calculate RR, the researcher used the software to mark the signals
from the abdominal and thoracic RR channels at the beginning of each inspiration
(inhale) and the beginning of each expiration (exhale). The researcher then used the
software to count the markers and divided the count by two to derive one breath cycle
(inhale, exhale) and then averaged the RR values from the abdominal and thoracic
channels to establish composite RR values.
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Experimental Procedure. This experiment was approved by the university institu-
tional review board (IRB). The experimental session lasted approximately 90 min for
each participant. After providing informed consent, participants were seated in the
experimental space at the computer workstation. The proctor then applied the sensors
and instructed the participant to complete a computer-based demographic survey. Next,
the participant started the activity sequence (Fig. 1). After the final breathing activity in
the activity sequence, the participant completed a post-activity questionnaire, after
which the proctor removed the sensors and debriefed the participant.

4 Results

Due to the small sample size (N = 9) and subsequent small group sizes (n = 3) the
researcher applied the Kruskal-Wallis H test [68] (non-parametric ANOVA) in SPSS
[69] to compare means of the physiological signals between treatment groups and
between selected activities in the experimental protocol.

The researcher compared the physiological data from the following selected
activities: (a) baseline, (b) Stroop task before breathing activity exposure, (c) first half
of the quiet sitting activity, (d) second half of the quiet sitting activity, (e) Stroop task
after breathing activity exposure, (f) first half of the breathing activity and (g) second
half of the breathing activity.

4.1 Between Groups

The Kruskal-Wallis H test suggests statistically significant difference between the three
groups for SC, HR, and breath ratio. For SC, v2(2) = 16.19, p = 0.000 with a mean
rank SC score of 4.00 for Group 1, 17.29 for Group 2 and 11.71 for Group 3. For HR,
v2(2) = 13.781, p = 0.001 with a mean HR score of 6.43 for Group 1, 18.00 for Group
2 and 8.57 for Group 3. For breath ratio, v2(2) = 9.824, p = 0.010 with a mean breath
ratio score of 5.43 for Group 1, 12.29 for Group 2 and 15.29 for Group 3. The test did
not show a statistically significant difference between the three groups for respiration
rate (RR). Table 2 displays these results.

Table 2. Analysis of relationships between groups and physiological measures
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Figure 2 displays box plots for the three physiological measures with statistically
significant differences by group. Table 3 contains the corresponding box plot values for
each measure by group. Breath ratio values correspond with a breathing style category.
Values greater than one indicate a predominately abdominal breathing style. Values
less than one indicate a predominately thoracic breathing style.

4.2 Across Activities

Graphing the mean values SC, HR, RR and breath ratio by group across the activities
showed variations, but did not show any visibly consistent patterns for SC, HR and
breath ratio. A consistent pattern did seem to emerge in the graph of mean RR for the
three groups by activity period (Fig. 3).

Fig. 2. Plots of statistically significant differences in physiological measures between treatment
groups: Group 1 – Breath Counting, Group 2 – Abdominal Breathing, Group 3 – Combined.

Table 3. Box plot values for each measure by group
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The Kruskal-Wallis H test suggests a statistically significant difference (Fig. 4)
between the selected seven activities and RR, v2(6) = 16.357, p = 0.012 with a mean
rank RR score of (a) 8.67 for baseline, (b) 19.33 for the Stroop activities before
exposure to the breathing activity (Stroop 1), (c) 12.17 for the first half of the quiet
sitting activities (QSa), (d) 11.67 for the second half of the quiet sitting activities (QSb),
(e) 17.00 for the Stroop activities after exposure to the breathing activity (Stroop 2),
(f) 4.83 for the first half of the breathing activities (BAa) and (g) 3.33 for the second
half of the breathing activities (BAb). Figure 4 shows the box plot of RR values for the
seven selected activities and Table 4 contains the corresponding RR box plot values by
activity. The Kruskal-Wallis H test did not show any statistically significant difference
between the seven selected activities and SC, HR, and breath ratio.
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Fig. 3. Mean respiratory rate (RR) by activity

Fig. 4. Plots of RR measures across selected activities: baseline measure, Stroop 1 –

pre-treatment Stroop tasks, QSa – first half quiet sitting periods, QSb – second half quiet
sitting periods, Stroop 2 – post treatment Stroop tasks, BAa -first half breathing activities, BAb -
second half breathing activities
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5 Discussion

Small sample size precludes any definitive conclusions regarding the results of this
study. The results may, however indicate potential relationships that are worth
examining in future studies with more participants and with a greater range of par-
ticipant demographic diversity.

The statistically significant difference between the mean physiological measures of
SC, HR and breath ratio, (Fig. 2, Table 3) may lend evidence supporting the
hypotheses specific to those particular measures when comparing the three treatment
groups. It is also possible that the differences between the mean values was due to
physical and physiological differences between individual participants, so further study
with more participants has the potential to reveal evidence related to any individual
differences.

5.1 Skin Conductance (SC) Between Groups

The statistically significant difference in mean SC between groups may be evidence
which supports the hypotheses that the breathing activities for the treatment groups
cause a change in SC (H1.1, H2.1 and H3.1). Participants in the breath counting group
(group 1) showed a substantially lower ranked mean than the other two treatment
groups (abdominal breathing - group 2, and combined - group 3). This could be
attributed to individual differences or it is possible that the treatments were responsible
for these results.

The abdominal breathing group showed the highest ranked mean score when
compared to the other two groups, which could indicate that the abdominal breathing
activity caused an increase in SC. Since abdominal breathing was also included in the
combined breathing activity group, this could explain why the combined treatment
group had a ranked mean score between the breath counting and abdominal breathing
treatment groups.

Table 4. Box plot values for RR measure by activity
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5.2 Heart Rate (HR) Between Groups

The statistically significant difference in mean HR between groups may be evidence
which supports the hypotheses that the breathing activities for the treatment groups
cause a change in HR (H1.2, H2.2 and H3.2). The abdominal breathing group dis-
played the highest ranked mean score when compared with the other two groups. This
could be due to individual differences or it may indicate that the abdominal breathing
activity can cause a general increase in heart rate.

5.3 Breath Ratio Between Groups

The statistically significant difference in mean breath ratio values between groups may
be evidence which supports the hypotheses that the breathing activities for the treat-
ment groups cause a change in breath ratio (H1.4, H2.4 and H3.4). Because breath ratio
values greater than one indicate a predominately abdominal breathing style and values
less than one indicate a predominately thoracic breathing style, the fact that the
abdominal breathing group displays the greatest range of ratio scores when compared
with the other two groups is consistent with the experimental manipulation.

5.4 Respiratory Rate (RR) Between Groups

The absence of a statistically significant difference between the mean RR may mean
that the breathing activities had no effect on RR when comparing treatment groups or
that the treatments all had similar effects on RR. The possibility of similar effects for all
three treatments may be supported by the similar pattern in mean values by activity
(Fig. 3) and the statistically significant difference for RR across activities (Fig. 4).

Since the Stroop, quiet sitting and breathing activities all involve minimal levels of
physical activity, it is possible that RR may not be a salient indicator of stress for
individual participants for tasks performed while seated in front of a computer. It is also
possible that individual differences and small sample size masked any statistically
significant RR variation.

5.5 Respiratory Rate (RR) Across Selected Activities

The presence of a statistically significant difference in RR across the selected activities
(Fig. 4, Table 4) may show a generally positive and similar effect of the breathing
activities in reducing RR when comparing the baseline, Stroop, and quiet sitting
composite activity periods. Both Stroop composite activity periods showed the two
highest ranked values when compared to other activities, which is consistent with the
used of the computer-based Stroop color-word task as a laboratory stressor. The two
segments of the breathing activity period composites had the two lowest ranked values
and were below baseline measures, which may show that the breath activities have a
greater effect on RR when compared to the quiet sitting task. The composite baseline
and the two segments of the sitting quietly composite activity periods have similar
rankings falling between the Stroop activities and the breathing activities. This may
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show a near equivalence between baseline measure and quiet sitting, which can be
expected due to activity similarity.

6 Potential Implications

Towards gathering evidence related to the first research question, it does appear that
some college students may be able to use breathing activities to mitigate changes in RR
due to computer use. At this time, there is no evidence in this study to indicate that
college students are able to use the breathing activities to mitigate changes in SC, HR
and breath ratio measures due to computer use but these potential relationships might
still be considered in future studies.

Towards gathering evidence related to the second research question, it appears that
there could be significant differences between SC, HR and breath ration values for the
three treatment groups. It is worth noting that the abdominal breathing activity
appeared to be related to an increase of both mean SC and HR values. Typically
increases in SC and HR values are generally consistent with physiological arousal [53],
but it is also possible that the abdominal breathing activity was physically stimulating
when compared to the overall sedentary nature of the experimental protocol, or that
individual differences in physiological response could explain these differences.

This pilot study highlights potential relationships that may exist between breathing
activities and participant SC, HR and breath ratio. It also may show potential rela-
tionships between RR and seven of the activities selected from the experimental
activity sequence. In addition to examining these potential relationships, future studies
should take into account other variables such as heart rate variability (HRV), individual
stress levels and participant prior experience with breathing activities. Additionally,
since physiological measures within an individual are not independent, multilevel
modeling or hierarchical linear modeling statistical analysis approaches may be more
appropriate for analyzing data from larger population samples.
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