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Abstract
Human-beings face aspects of interpersonal competition in many areas of life. Whether it
be competing with other candidates for a job position, a slot at the school of your dreams, or
even competing for the last cookie in the jar, competition is unavoidable. The purpose of this
study was to examine the physiological effects of competition in the form of a memory matching
game. Participants were asked to fill out a survey assessing their perceived competitiveness
level. Those surveys were used to place participants into control and experimental groups,
ensuring an equal composition of competitiveness level and gender between the two. Baseline
data were taken for each group. Participants in the control group played the memory matching
game on their own for one minute, and the participants in the experimental group competed with
a confederate to see who could get the most matches in the minute provided. After analysis of the
data, it was found that heart rate increased with competition while blood pressure and respiration
rate showed no significant difference. These findings could have profound effects in educational
settings, including how student knowledge is tested.
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Effects of Competition on Physiological Measures
Competition is a natural phenomenon that exists in modern domains of life such as
education, business, and athletics. Many college students will take a "curved course" at some
point in their educational career. "Curved courses" standardize student scores, typically on a
normal bell curve, and use it to calculate grades. Rather than a student earning a grade based on
their individual raw score, they are graded on how they perform relative to their classmates.
Therefore, students are necessarily competing against their classmates for a grade when taking an
exam in a curved course. An athlete competes for pride and royalties when up against an
opponent. Playing a game of cards against one’s mother-in-law could become a competition, too.
Despite these modern examples, competition was prevalent long before modern society. For
example, the competition between Neanderthals and modern humans in paleolithic times over
many resources, like dietary necessities (Cachel, 1997), has been hypothesized as a cause for the
extinction of Neanderthals and predominance of modern humans (Stewart, 2004). While this
exemplifies competition between two different species, intraspecific human to human
competition in particular is relevant to daily life and physiology.
Competition is an acute stress (Harkins, et.al., 1992; Jones & Hardy, 1990; McKay, et.al.,
1997), and studying the effects this stress may have on physiological variables is compelling.
One study conducted in 2002 (Carroll, De Boer, De Gues, Harrison, Ring, Willemsen, & Van
Zanten, 2002) investigated the effects of competition on multiple hemodynamic variables.
Baseline vitals were measured for 27 male participants. Following the rest period, the subjects
played four rounds of a competitive simulated race car driving game (once against a time and
three times against an experimenter). While all four competitive tests resulted in an increase in
heart rate, blood pressure, and other cardiovascular variables, the final races performed against
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another person were deemed more competitive and resulted in even greater changes in
hemodynamic variables than the race against the clock, which is relevant to the current study on
interpersonal competition.
Harrison et al. (2001) showed similar findings in which heart rate and blood pressure
increased more substantially in a competitive setting. Participants raced a car either on their own,
in a cooperative setting, or a competitive setting. The cooperative setting involved the
participant racing a car in the opposite direction of an experimenter with the intent to cooperate
in order to not crash. Participants in the competitive setting raced against an experimenter in the
same direction on the track and tried to complete more laps than the other person. Harrison et al.
also found that individuals rated with higher trait competitiveness experienced higher blood
pressure changes in response to the competitive task. It was also seen that those who performed
better (completed the most amount of laps) had a greater increase in heart rate.
Competition induced stress may also be an adaptive advantage as shown by Ricarte et al.
(2001). In this study, two participants competed against each other for a hypothetical business
deal. Winners showed increases in both heart rate and blood pressure during the task compared
to baseline measures. Winners also showed a decrease in post-task measures when compared to
the measures taken during the task. On the other hand, losers actually exhibited a decrease in
both physiological measures both during the task and immediately after the task. This suggests
different individuals handle stressful situations differently, and those with heightened stress
responses may have an advantage in modern competitive situations, much as they did in
prehistoric times.
In addition to changes in physiological variables, competition also affects hormone levels
in the body. A 2012 study examined the effects of victory and defeat on testosterone and cortisol
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levels while participating in a form of martial arts. The study showed an increase in cortisol
levels in both men and women after defeat (Jimenez, Aguilar, & Alvero-Cruz, 2012). Although
the purpose of this current study does not involve examination of hormone levels, it is interesting
to note that cortisol, the stress hormone, will increase following a defeat.
One study performed by Costa and Salvador produced similar findings for hormonal
differences between winners and losers (2012). The experiment sought to compare the pattern of
psychobiological response to social stress of females to known parameters of males. In order to
do this, female participants were asked to perform competitive tests while facing other
participants in the laboratory. While analyzing the results the two mechanisms were prevalent
between winners and losers. Winners were typically linked to active coping, characterized by an
increase in testosterone, activation of the sympathetic nervous system, and a positive mood.
Losers used passive coping, characterized by insufficient testosterone and sympathetic nervous
system activation. Which mechanism a participant uses can be attributed to numerous external
and internal factors.
In this current study, the effects of non-physical, interpersonal competition on specific
physiological factors, including blood pressure, heart rate, and respiratory rate, were examined.
It was hypothesized that those participants who experienced interpersonal competition would
display a heightened stress response, including an increase in blood pressure, heart rate, and
respiratory rate, as compared to participants who completed the same task without interpersonal
competition.

PHYSIOLOGICAL EFFECTS OF COMPETITION

6

Method
Materials
Heart rate was measured using a Nonin Pulse Oximeter, Model 9843, Serial Number:
118102900, manufactured by Nonin Medical Inc. (Minneapolis, MN). Blood pressure was
measured using Omron Automated Blood Pressure Monitor, Model BP791IT (HEM-7222-ITZ),
Serial Number: 20141004367LG, manufactured by Omron Healthcare Inc. (Lake Forest, IL).
Respiration rate was measured using Biopac Respiration Belt, Model SS5LB, Serial Number:
12126489, manufactured by Biopac Systems (Goleta, CA). The software used to analyze and
compute data was Biopac Student Labs 4.0 Software, Model MP36, Serial Number:
MP36E1204002784, manufactured by Biopac System (Goleta, CA). The memory game
administered to participants was the Just J’s puzzle (Hard) from http://allstarpuzzles.com; an
example of a partially completed puzzle is provided in Appendix B.
Participants
Participants were selected from a sample of students enrolled in the Spring 2017
Physiology 435 course at the University of Wisconsin-Madison. Forty-five subjects participated
in the study with 22 in the control group (M = 10, F = 12) and 23 in the experimental group (M =
11, F = 12). Age of participants was similar in both the control group (M = 21.36 years, SD =
1.09 years) and experimental group (M = 21.13 years, SD = 0.92 years), t(43) = 0.78, p = 0.44.
Gender composition was matched across control and experimental groups, t(43) = 0.16, p = 0.87.
Participants were divided across the control and experimental groups based on a self-reported
trait competitiveness survey included in Appendix C. Competitiveness was measured on a scale
where 1 = Never Competitive and 5 = Always Competitive. Both the control (M = 4.00, SD =
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0.62) and experimental group (M = 4.00, SD = 0.67) had equivalent competitiveness levels, t(43)
= 0.00, p = 1.00. Participant information is summarized in Table 1.

Group

Number of
Participants

Male

Female

Mean
Age

Age
SD

Mean Trait
Competitiveness

Competitiveness
Level SD

Control

22

10

12

21.36

1.09

4.00

0.62

Experimental

23

11

12

21.13

0.92

4.00

0.67

Table 1: Distribution of participants in both control and experimental groups

Procedure
To evaluate the effects of non-physical competition on physiology, percent changes in
three dependent variables were measured in the experiment: (1) heart rate, (2) respiratory rate,
and (3) blood pressure. To ensure these variables could be measured and all equipment
functioned properly, experimenters obtained positive controls from one of the experimenters for
each measurement. This was done by taking measurements before and after the experimenter did
30 pushups.
Prior to any testing, participants completed a survey asking for their name, gender, age,
level of competitiveness, and experience with participation in organized sports. This information
was used to ensure a relatively balanced composition of gender and level of competitiveness
across the control and experimental groups. All test subjects signed a consent form describing
the study, risks and benefits, and confidentiality expectations.
In collecting data in this study, the equipment was used in the same way across all
participants, in both control and experimental groups, because all participants were right-handed
and operated the trackpad with their dominant hand. The Pulse Oximeter was placed on the index
finger of the left hand. Participants were asked to keep this hand as still as possible during
baseline measurements and while playing the game. The Biopac Respiratory Transducer was
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placed around the chest, below the armpits but above the nipples, and tightened. The blood
pressure cuff was wrapped around the upper part of the right arm, one-half inch above the elbow,
level to the heart. Two sets of data (baseline and test measurements) were taken for both control
and experimental groups.
Heart rate was recorded every ten seconds throughout the one minute time period and
was reported in average beats per minute. Respiratory data were gathered continuously for one
minute, stored in Biopac, and reported in breaths per minute. The blood pressure cuff was
activated 15 seconds into the 60 second time interval, projecting the reading at approximately 45
seconds. Both systolic and diastolic blood pressures were measured and then reported as mean
arterial pressure (MAP).
Control Group
At the beginning of the experiment, the subjects were asked to sit down at a table in front
of a laptop monitor. They were hooked up to the Pulse Oximeter, respiratory transducer, and
blood pressure cuff. Baseline measurements were recorded for one minute at rest in the manner
previously described. The participants were then told that they will be playing a memory
matching game on the computer in front of them, and that they were to click on the cards to try
to make matches. The participants were told to keep their right arm as level and still as possible
while playing the game--only using the fingertips to operate the laptop track pad so as not to
cause an error in the blood pressure reading. The participants played the game for one minute;
heart rate, respiratory rate, and blood pressure were recorded in identical fashion to the baseline
measurements. No mention of competition was ever made to the control group, and these
participants did not have a competitor sitting across from them at any point during the trial.
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Experimental Group
The baseline measurements were taken in the same manner as the control group. Upon
completion of the baselines, a member of the research team sat down across from the
participants. The participants were told by the proctor that they will be playing a memory
matching game on the computer in front of them in which they click on cards to flip them over
and try to make matches. Experimenters told participants they will be competing against the
person sitting across from them, and if they make more matches than that competitor, they will
win a $5 MasterCard, which was placed on the table in their view. The competitor was the same
gender as each participant to control for effects that might be caused by playing against the
opposite gender. A reward was offered to incentivize the participants and heighten the level of
competition. The participants were told to keep their right arm as level and still as possible while
playing the game--only using the fingertips to operate the laptop track pad so as not to cause an
error in the blood pressure reading. Both persons played the game for one minute and
participants' heart rate, respiratory rate, and blood pressure were recorded in identical fashion to
the baseline measurements. Following the one minute game, the proctor silently counted the
number of matches both the participants and research member made, then declared that the
participants did not beat the research member and that no prize will be awarded to them. We
were not interested in overall performance, so the number of matches made were not recorded. A
simple timeline showing what events happen when during the experiment can be seen in
Appendix A.
Data Analysis
Data were analyzed using Google Sheets formulas, VassarStats, and Biopac. Heart rate,
systolic blood pressure (SBP), and diastolic blood pressure (DBP) data were put into a

PHYSIOLOGICAL EFFECTS OF COMPETITION

10

spreadsheet and averaged to get baseline and test values. Average heart rates (beats/minute) were
calculated using the typical mean formula, and mean arterial pressures (mmHg) were calculated
in a spreadsheet using MAP = ⅓(SBP) + ⅔ (DBP). Percent changes in heart rate and MAP were
also calculated in a spreadsheet. Respiratory data were stored and analyzed using Biopac. For the
one minute baseline breathing rate, the latter 30 seconds of waveforms were analyzed. The latter
30 seconds were used to improve accuracy because participants sometimes talked or giggled
during the beginning of baseline. Test breathing rate was calculated over the full minute by
highlighting the 60 seconds of waveforms measured during gameplay. The respiratory averages
were put into a spreadsheet and percent change between baseline and test were calculated.
Statistical analysis of percent changes was done using two-tailed t-tests in VassarStats.
Results
As evidenced in Figure 2, a main effect of competition on heart rate was observed, t(43)
= 3.50, p = 0.001. When compared to their baseline measurements, participants that experienced
competition had a larger percent change in heart rate (M = 18.09%, SD = 9.32%) than
participants that didn’t experience competition (M = 9.35%, SD = 7.26%).

Beats per Minute

100

Mean Heart Rate of Baseline and Test
Conditions

90
80
70
60

Condition
Control Baseline

Control Test

Experimental Baseline

Experimental Test

Figure 1: Comparison of mean heart rate between control and
experimental groups. Error bars represent standard errors. Reported as
average beats per minute during baseline and during play of memory
game.
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Figure 2: Comparison of percent change in heart rate between control
and experimental groups. Experimental participants (M = 18.09%, SE =
1.94%) experienced significantly higher percent changes in heart rate
than control participants (M = 9.35%, SE = 1.55%); t(43) = 3.50, p =
0.001.

As shown in Figure 4, no effect of competition on blood pressure was observed, t(37) =
1.58, p = 0.12. Participants in a competitive setting (M = 7.09%, SD = 7.45%) did not
experience a higher percent change in MAP than participants in a non-competitive setting (M =
2.47%, SD = 10.56%).
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Figure 3: Comparison of mean MAP between control and experimental
groups. Error bars represent standard errors. Reported as average MAP
during baseline and during play of memory game.
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Figure 4: Comparison of percent change in MAP between control and
experimental groups. Experimental participants (M = 7.09%, SE =
1.67%) experienced significantly higher percent changes in heart rate
than control participants (M = 2.47%, SE = 2.42%); t(43) = 3.50, p =
0.001.

As shown in Figure 6, no effect of competition on breathing was observed, t(43) = 0.89, p
= 0.378. Participants in a competitive setting (M = 30.36%, SD = 44.12%) did not experience a
higher percent change in breathing rate than participants in a non-competitive setting (M =
20.51%, SD = 27.63%). Table 2 provides an overview of the summary statistics for all
physiological measures for quick reference.
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Figure 5: Comparison of mean respiratory rate between control and
experimental groups. Error bars represent standard errors. Reported as
average breaths per minute during baseline and during play of memory
game.
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Figure 6: Comparison of percent change in respiratory rate between
control and experimental groups. Experimental participants (M =
30.36%, SE = 9.20%) experienced significantly higher percent changes
in heart rate than control participants (M = 20.51%, SE = 5.89%); t(43)
= 3.50, p = 0.001.

Table 2: Summary of results

Discussion
As hypothesized, the present study found that heart rate increased considerably in a
competitive setting compared with a noncompetitive setting; this can be seen in Figure 1. This
finding coincides with findings by both Carrol et al. (2002) and Harrison et al. (2001) in which
heart rate was seen to increase during a competitive task. These results give further evidence to
the idea that competition will elicit a physiological (cardiovascular in particular) response in an
individual which could be the result of a heightened stress response.
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Contrary to the hypothesis, the blood pressure did not change with competition.
However, it is worth noting that changes in blood pressure were in the direction of the stated
hypothesis, as seen in Figure 3, and that the p-value, at 0.12, was not far off from the
significance level of 0.05. Perhaps with a larger number of participants, a more reliable blood
pressure monitor, or a blood pressure reading done after a longer duration of competition, an
effect of blood pressure as a result of competition could be seen in a similar way to the findings
by both Carrol et al. (2002) and Harrison et al. (2001).
Counter to expectation, no effect of competition was observed for respiratory rate; this is
shown in Figure 5. Though the means were in the hypothesized directions, the standard
deviations of both groups were very large. This suggests that with more participants and a less
variable measure, an effect could be observed. Also, because breathing is partially under
voluntary control, participants could have subconsciously altered their respiratory rate. This
would likely decrease the likelihood of observing an effect of competition.
The current study was straightforward and quick, reducing participant confusion and
fatigue. Furthermore, the simplicity of the study reduced the introduction of confounding
variables, and aids in future replications. Confounding variables such as gender and competitive
level were all controlled for by matching. The use of same-gender competitors prevented the
possibility of gender affecting stress level. Finally, a script was used to equalize the instructions
every participant received.
The differing levels of competition were effectively manipulated. Participants were
explicitly told they were in competition in the competitive group, while great care was taken to
reduce any sense of competition in the control group. The use of an incentive likely increased
stress response by further motivating participants to beat the competitor. This allowed for the
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development of a stress response during a game that likely would not have elicited as strong of a
response.
The present study did have a few weaknesses. The blood pressure monitor used would
occasionally fail to report the blood pressure while the participant was playing the game.
Because this measurement was supposed to be taken during the game, blood pressure was unable
to be measured for some participants; this is the reason for less total measurements of MAP than
the other two physiological measures. Despite instructing each participant to keep movements of
the right arm as minimal as possible, a total of six errors occurred.
Though attempts were made to remove all effects of competition from the control group,
some internal competition may still have existed. Participants may still have wanted to do the
best they could, and pushed themselves to try to match the most pairs. This may account for
some of the percent increase in all physiological factors in the control group. If this was the
case, the effect of competition may actually be larger than was found in this study.
Because respiration is partially under conscious control, respiratory rates may have been
manipulated either consciously or subconsciously by the participants. While sitting quietly
without a task to do, participants were likely more conscious of their breathing, and may have
respired differently than they normally would. Also, some participants talked during the baseline,
which forced us to consider only the latter 30 seconds of baseline breathing.
Because the researchers needed to participate in other studies, and of the imposed time
constraint in completing testing, some trials were run with different proctors. A script was
utilized in an attempt to minimize any differences in word choice between proctors, but voice
inflection and overall excitement levels may have affected participant responses to competition.
For example, if one proctor introduced the reward in a more emotional manner relative to a
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different proctor, that may have increased participant drive to attain the reward, ultimately
modulating stress level.
Future research could seek to fix some weaknesses of the current study by using the same
proctor and competitor, conducting the study in a more secluded location, and using a more
reliable monitor to measure blood pressure. The current study used a very simple memory task
and only tested a single participant at a time. In order to make the results more generalizable to
testing conditions in educational settings, a more difficult/longer memory task, and group testing,
could be used. Also, an overall performance measure (e.g., pairs matched) could be employed to
further investigate if the stress response affects recall.
The results of the current study suggest that competition increases at least some aspects
of the stress response. These findings have important implications in education. The control
group could represent a student taking a non-curved test, while the experimental group was a
student taking a curved test. Though overall performance was not measured, stress response was
higher in the experimental group. Depending on whether the stress response heightens or
impairs memory, overall performance on exams potentially not only depends on a student’s
preparation, but also on how the exam is scored.
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Appendix A
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Appendix B

Example of partially completed All Star Puzzles "Just J's" online Memory Game. Matches
remain flipped over and turn into part of an image of a Jackal.
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Appendix C
Survey
Name:
Gender:
Age:
Would you consider yourself: (Circle One)
Never competitive

Rarely competitive

Sometimes competitive

Usually competitive

Always competitive

Were you involved in a varsity sport during high school and/or are you involved in an organized sport currently?
(Circle One) Yes

No

Copy of survey given to participants.

