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Abstract 

 

A student’s academic career and future profession can be determined by a number of 

crucial exams, which can evoke test anxiety. This study was performed to see the effect of test 

anxiety on the physiological measures of heart rate (HR), respiration rate (RR) and brain activity, 

and the respective student performance. Participants (n=50) were randomly selected to complete 

a 49 piece puzzle in either a non-stressed (n=25) or a stressed environment (n=25). It was 

hypothesized that all tested physiological measures would have significant changes between the 

non-stressed and stressed environments, which would then show a significant difference in time 

to completion of the puzzle. The results showed that HR had a significant difference when 

comparing the non-stressed and stressed environments using the percent change between the 

before baseline HR measure to the maximum HR during the puzzle (p = 0.00021) and the 

maximum HR during the puzzle to the after baseline HR measure (p = 0.0041). RR had a 

significant difference when comparing the environments using the percent change of the RR 

during the puzzle to the RR after (p=0.024) as did brain activity when comparing percent change 

from before the puzzle to during (p=0.035). These significant changes of physiological measures 

did not elicit a decrease in student performance in the stressed environment (p= 0.64) and 

suggests that physiological impacts were not enough to create a change of time to completion. 

 

Introduction 

 

Throughout the strenuous journey of college, a student’s entire future can appear to be 

determined by their performance on a few, arduous examinations. This pressure to succeed on 

such exams leads to concerns that testing anxiety affects student performance. It has been found 

by Hembree that testing anxiety is a phenomenon that induces worry and emotionality. Worry is 

the mental concern for success, while emotionality is the autonomic physiological response such 

as increased heart rate (HR) (1988). Test anxiety is present in all schools and it has been shown 

to have negative effects on test taking and test preparation (Caddady et al, 2002). High pressure 

testing environments often induce stress and anxiety in participants, which have been shown to 
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impact both cognitive and non-cognitive skills, such as memory (Wolf, 2009; Kirschbaum et al., 

1993), cognitive performance (Buchanan and Tranel, 2008; Schwabe et al., 2008), and 

risk-taking behavior that influences a person's day-to-day decisions (Buckert et al., 2014). 

Reductions and management over a student’s test anxiety can allow them to perform as well as 

an average student with low test anxiety (Hembree, 1988). Students with low or no test anxiety 

on average have increased testing performance and higher GPAs than students with high test 

anxiety (Hembree, 1988). 

Test anxiety has an inverse relationship with self-esteem and confidence in testing 

environments (Derosa et al., 1991). According to a study done by Derosa and Patalano, children 

with high test anxiety strive to avoid criticism rather than being rewarded with praise from their 

performance on a test (Derosa et al., 1991). An additional study argued that fears of criticism on 

a poor academic performance can lower self esteem and increase test anxiety (Hembree, 1988). 

Liebert and Morris have also found that there is a physiological component associated with test 

anxiety, and found that worry had a significantly negative effect on performance expectancy and 

examination outcome (1968).  

There are multiple sources of test anxiety, which include perception of him or herself, the 

test, and the testing environment (Bonaccio et al., 2010). Tests commonly have added stressors, 

such as time constraints. These time constraints have negative impacts on students with high test 

anxiety compared to those without (Onwuegbuzie, 1995). 5th and 6th grade students performed 

worse in testing environments with an unfamiliar proctor than with a familiar proctor (Derosa et 

al., 1991). However, some research makes an opposing claim. Research done by Hupbach and 

Fieman claims that moderate amounts of stress can enhance one’s ability to recall information 

relevant to the task at hand (Hupbach et al., 2012). 

This study compares how subjects perform in a testing environment with added stressors. 

Stressors that were added to induce a testing environment with high anxiety include 

observational proctors, a large timer placed in front of the participant, and being told time to 

completion averages that were about 2 minutes and 30 seconds faster than the true average time 

to completion. We hypothesized that added stressors will increase the time it takes subjects to 

complete a puzzle and will result in increased HR, respiration rate (RR), and brain activity. 
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These physiological metrics were chosen due to their association with the human body’s stress 

response system and the resulting release of cortisol (Schmidt, 2010). Increased cortisol levels 

have been found to increase RR (De Boeck et. al., 2001) and HR (Sudsuang et. al., 1991). Stress 

as an emotional stimulus has also been found to increase brain activity, most notably in the 

amygdala region (Brosschot et. al, 2010). In order to find the effects of stress in testing 

environments, we compared the HR, RR, and brain activity of students in a non-stressed and 

stressed environment. A better understanding of the body’s response to test anxiety and 

examination outcomes could be determined by measuring heart beat change over time, breaths 

per minute, and average brain activity.  

 

Materials  
 

HR, RR, and electroencephalography (EEG) techniques were recorded to determine the 

physiological effects of a stressful test taking environment on participants. A puzzle was used as 

the test component and completion times were recorded to see if these physiological measures 

impacted performance. HR was observed using a pulse oximeter/carbon dioxide detector to 

record beats per minute (BPM) (Model number: 9843; Serial number: 118102981; Made by 

Nonin Medical Inc., Plymouth, MN). RR was recorded using BIOPAC Respiratory Transducer 

(Model number: SS5LB; Serial number: 1602007568; Made by BIOPAC Systems Inc., Goleta, 

CA). EEG was recorded with a BIOPAC Electric Lead Set (Model number: SS2L; Made by 

BIOPAC Systems Inc., Goleta, CA). Further attachments were used to obtain EEG recordings 

including; disposable electrodes EL503, and a supportive wrap to be placed around the head of 

participants to ensure a secure attachment of the electrodes. RR and EEG were recorded and 

analyzed using BIOPAC Student Lab System software (BSL 4 Software, MP 36). A 49 piece 

puzzle (Image 1) featuring four main characters from Disney’s Moana were selected from a three 

puzzle set (Model Number: 09 385 4, Serial Number: 812172, Made by Ravensburger) and was 

completed as the timed component of the experiment. 

 



PHYSIOLOGICAL RESPONSE TO STRESS DURING TESTING        5 

 
Image 1: The puzzle presented is that which was utilized throughout the duration of the study. 
 
 
Methods 
 
Participants  
 

Eligible participants needed to meet the following criteria. Each participant had to be a 

current Physiology 435 student enrolled at UW-Madison. The participants had to be willing and 

able to perform the experiment. All participants were required to fill out a consent form before 

experimentation. Participants were told they could end the experiment at any time if they became 

overly stressed and that they would perform one trial. This trial could fall within two 

environments, a non-stressed environment and a stressed environment. The selection of 

participants for either environment was randomized to prevent bias. 

 
Procedure 
 

Prior to experimentation, participants were equipped with the following Biopac 

apparatuses. To measure HR, the pulse oximeter/carbon dioxide detector was connected to the 

participant’s index finger. RR was measured by using the Biopac respiratory transducer. The 

respiratory belt was tightly secured around the participant’s upper chest with the sensor placed at 

the sternum. To measure EEG, the Biopac electric lead set was secured around the participant’s 

head using electrodes and a head wrap. Baseline measurements for HR, RR, and EEG were 

recorded for 30 seconds before and after testing. The baseline measurements were recorded with 

the participants seating, feet on the floor, eyes closed, and facing forward. Participants were 

required to perform 1 trial, which was randomized to determine if they would be under a 
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non-stressed or a stressed environment. Each condition required the participant to solve a puzzle 

to completion in as little time as possible. Participants were given a puzzle randomly scattered in 

front of them. They were given a series of verbal instructions to sit with their eyes closed for 30 

seconds, to complete the puzzle as fast as they could, and then sit with their eyes closed for 30 

seconds after they had completed the puzzle. For the non-stressed environment, participants 

solved the puzzle in the testing room with one researcher sitting behind a computer and one 

recording HR from the pulse oximeter, but neither of these researchers watched the participant 

when completing the puzzle. For the stressed environment, five experimenters were present in 

the testing room during the experiment, two proctors were running equipment and the other 3 

were standing over the participant’s shoulder watching them complete the puzzle. Prior to 

solving the puzzle, an experimenter informed the participant they were expected to finish the 

puzzle in an unrealistic amount of time of 5 minutes and 30 seconds, but to finish the puzzle to 

completion even if they exceed the expected time. The time of 5 minutes and 30 seconds was 

thought of as unrealistic because the average time that was taken to complete the puzzle by all 

experimenters was 8 minutes and 4 seconds (n=5). During the experiment, a researcher informed 

the participant when there was 30 seconds left in reaching the goal time in an attempt to induce 

more stress on the participant. After experimentation had finished, the testing equipment was 

removed from the participants. The participant was asked to fill out a questionnaire to describe 

three emotions they felt after completing the puzzle. All electrodes used were then disposed of 

and new ones were used for each participant to prevent spread of bacteria. After the participant 

left the testing room, the measurements for RR, HR, and EEG were taken from the Biopac 

equipment and transferred into a separate data sheet. 

 
Data Analysis 
 

Measurements for HR were recorded directly via the pulse oximeter in BPM. RR was 

taken with the respiratory belt wrapped around the participant’s chest, with the sensor centered 

directly over the sternum. Paired with the Biopac software, averages were taken as breaths per 

minute by calculating the number of complete waveforms by analyzing the number of peaks 

presented in the Biopac program, correlating to the number of breaths per minute. For the EEG, 
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the mean, maximum, and minimum voltage data were recorded from the Biopac software. 

Baseline measurements for HR, RR, and brain voltage fluctuations were taken for each 

participant prior to starting the experiment. Measurements for RR, HR, and EEG were taken 

throughout the entirety of the experiment. The data was analyzed by calculating the percent 

change of HR, RR, and brain activity from the before baseline to their values during the 

experiment and from during the experiment to the after baseline measures. A single-factor 

ANOVA test was then conducted to compare the percent changes of the physiological measures 

between the non-stressed and stressed environments. A p-value of less than 0.05 was considered 

significant. 

 

Positive Controls 
 

As a positive control measurement, the three parameters that were measured included 

HR, RR, and EEG. These values were obtained from a pulse oximeter and carbon dioxide 

detector to measure BPM, a respiration belt to measure breaths per minute, and Biopac electrode 

lead set to measure electrical brain activity, respectively. This data was measured on each of the 

five researchers over two different conditions. The first condition was measured when the 

researcher was sitting down with their feet on the ground and looking straight forward for two 

minutes, which represents baseline values. The second condition was after the researcher had run 

up and down the stairs for two minutes and stood while data was being collected. The data was 

averaged for each individual that it was collected for and then again between each of the five 

researchers to find the final values. In the first condition of sitting relaxed with no additional 

stimulus, the average resting HR was 81.1 BPM (SD 3.3), the average resting RR was 13.0 

breaths per minute (SD 3.5), and the average resting EEG activity was -4.4 microvolts (SD 5.5). 

After running up and down stairs for 2 minutes and remaining standing, average HR was found 

to be 133.2 BPM (SD 12.8), average RR was 18.00 breaths per minute (SD 1.8), and EEG was 

210.2 microvolts (SD 148.5). The changes of measured values signify that the change of 

physiological parameters could be measured using the equipment described. 

 
Negative Controls 
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For a negative control, two sets of baseline measurements were taken for each 

participant, one before conducting the experiment and one after. The baseline measurements 

were taken with the participant sitting down in a chair with their feet on the floor with their eyes 

closed for 30 seconds to record averages of HR, RR, and EEG stimulus. These initial 

measurements were then used as the comparison for the individual participating in the 

experiment to their values collected during the experiment to examine the amount of 

physiological change that occurred throughout the testing time. This negative control was taken 

due to differences between baseline values for each participant so the physiological changes 

could be accurately measured as a difference on their individual basis. 

 

Results 

 

After randomly assigning participants to two conditions, non-stressed (n=25) and stressed 

(n=25) environments, data was collected on HR, RR, and EEG. Time was recorded in seconds 

and participants in each condition were asked to complete a survey of emotions they felt after 

completing the puzzle. The percent change of the physiological measures were determined to 

compare the before baseline to the max value during and the max value during compared to the 

after baseline. The time to completion and the percent change in HR, RR, and EEG were 

analyzed by determining the standard deviation (SD), standard error (SE), and a p-value for 

significance by using a single-factor ANOVA test. A significant value was concluded if p < 0.05. 

After completing the test, participants from both conditions were asked to complete a form 

listing three emotions they experienced during the test. The emotions for the non-stressed and 

stressed environments were analyzed by showing the percentage of time that the word was used, 

and then further separated as “positive” or “negative” emotions.  

 

Heart Rate 

 

Average HR and SDs for participants in the non-stressed and stressed environments were 

recorded before, during, and after completing the puzzle. A Rosner’s extreme deviate test for 
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multiple outliers was performed, and it was determined that there were no outliers. For the 

non-stressed environment, the average HR before the puzzle was 78.0 with a SD of 14.9, during 

the puzzle was 84.7 with a SD of 14.0, and after the puzzle was 75.1 with a SD of 13.4. Due to 

technical errors, HR after completing the puzzle was unable to be recorded for one individual, 

causing the values to be calculated for n=24 subjects. For the stressed environment, the average 

HR before completing the puzzle was 75.9 with a SD of 10.1, during the puzzle was 90.0 with a 

SD of 12.2, and after the puzzle was 74.3 with a SD of 11.6. There were technical errors when 

collecting the HR after the puzzle for four individuals, causing the after the puzzle values to be 

from n=21 subjects. Two values of percent change were calculated for each environment, from 

the before baseline to the maximum HR during the puzzle and from the maximum HR during the 

puzzle to the after baseline. In the non-stressed environment, the percent change in HR from 

before to during was an increase of 13.3% with a SE of 1.6%, while the percent change from 

during to after was a decrease of 16.6% with a SE of 1.6%. For the stressed environment, the 

percent change in HR from before to during was an increase of 23.8% with a SE of 1.9%, and 

from during to after was a decrease of 25.0% with a SE of 2.2% (Figure 1). The percent changes 

for the two environments were compared to each other and analyzed by a single-factor ANOVA 

test. The before baseline compared to the maximum HR during for non-stressed and stressed 

environments had a p-value of 0.0002, and the maximum HR compared to the after baseline for 

non-stressed compared to stressed environments had a p-value of 0.004. Both of these 

comparisons show significance between the non-stressed and stressed environments. 

 

Figure 1: 

A       B 
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Figure 1: Figure 1 shows the difference of average percent changes in HR for the non-stressed 
environments and stressed environments and their respective error bars. A) The HRs of test 
participants were calculated into percent change from their before baseline to their maximum HR 
during the experiment of completing the puzzle, which was determined to be a significant 
finding when comparing environments. B) The HRs of test participants were calculated into 
percent change from their maximum HR during the experiment of completing the puzzle to their 
after baseline, which was determined to be a significant finding when comparing environments. 
 

Respiration Rate 

 

RR data from non-stressed and stressed participants were averaged and SDs were 

reported before, during, and after puzzle completion. The average RR for participants in the 

non-stressed environment was 12.5 BPM with a SD of 3.5 before puzzle completion, 17.6 BPM 

with a SD of 5.0 during, and 14.7 BPM with a SD of 3.6 after. The average RR for participants 

in the stressed environment was 12.9 BPM with a SD of 3.7 before puzzle completion, 17.4 BPM 

with a SD of 3.8 during, and 14.7 BPM with a SD of 2.8 after. Due to technical errors, there were 

n=23 subjects for the before and during condition in the stressed environment, and n=21 subjects 

for the during and after condition in the stressed environment. The average percent changes 

between RR before and RR during the puzzle, as well as the percent changes between RR during 

and RR after the puzzle, were recorded for both stressed and non-stressed environments. These 

percent changes were compared and analyzed using a single-factor ANOVA test to find 

significance. The percent change before compared to during puzzle completion saw an increase 

of 41.6% with a SE of 4.1% in the non-stressed environment and an increase of 46.2% with a SE 

of 3.6% in the stressed environment. The average percent change between RR during and RR 

after puzzle completion saw a decrease of 28.5% with a SE of 14.0% in the non-stressed 

environment and a decrease of 18.8% with a SE of 13.6% in the stressed environment (Figure 2). 

RR before to RR during for the non-stressed group compared to the stressed group was 

insignificant (p=0.73). However, significant findings were found comparing RR during to RR 

after puzzle completion for non-stressed and stressed environments (p=0.02). 

 

Figure 2: 
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A        B  

       

 

Figure 2: Figure 2 shows the differences in percent change in RR between non-stressed and 
stressed environments with their respective error bars. A) Percent change of RR from before 
beginning the puzzle to RR during puzzle completion is displayed, which is not significant. B) 
Percent change of RR from during the puzzle to RR after puzzle completion is displayed, which 
shows a significant finding.  
 

Electroencephalogram  

 

Due to the large variations between participants in electrical activity of the brain in 

combination with differences in the gain used in the Biopac equipment in order to accurately 

obtain signaling, only percent difference of maximum amplitude was used in EEG analysis. 

Analysis of activity in the participants was broken down to four areas: percent change from 

before to during the test and from during to after the test for both the stressed and non-stressed 

environments. Some participants were excluded from parts of analysis due to reaching 

limitations of our equipment and for testing as a outlier according to Rosner’s extreme deviate 

test for multiple outliers. For non-stressed participants, it was found that brain activity increased 

by 316.2% on average when comparing before the test to during, and an 296.8% decrease when 

comparing during to after. SDs were 157.8% and 192.3% respectively. In comparison to the 

stressed participants, a 453.4% increase was observed when comparing before to during and a 

224.8% decrease from during to after with SDs of 247.2% and 219.2% (Figure 3). Comparisons 

were made between the two testing environments while looking at the the changes from before to 

during and then during to after separately. While there were no significant findings when looking 

at the changes occuring between the groups from during to after the experiment (p=0.173), 
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findings from comparisons of before to during the experiment were statistically significant 

(p=0.035). 

 

Figure 3: 

A                                                                                   B  

 

 

 

 

 

 

 

Figure 3: Shown is the average percent change in brain activity in stressed and non-stressed 
environments with their respective error bars. A) Showing comparison of the increase of activity 
from before the test to during and B) compares the decrease of activity from during the test to 
after. Total average percent change in each condition is depicted. Data was used to determine 
statistical significance in the increase of activity before the test compared to during between the 
two environments. 
 

Time to Completion 

 

Table 1 shows the puzzle completion times for the experiment. Times marked with an * 

were omitted from the data because they were considered outliers by the Rosner’s extreme 

deviate test for multiple outliers. Due to the exclusion, the data was analyzed with the stressed 

group having n=24 subjects and the non-stressed group having n=24 subjects. The average time 

for the non-stressed subjects was 466 seconds (s) (7 min, 46 s), with a SD of 172 s (2 min, 52 s), 

and SE of 35 s. The fastest time for this group was 210 s (3 min, 30 s) and the slowest was 701 s 

(11 min, 41 s). The average time for the stressed subjects was 445 s (7 min, 25 s), with a SD of 

123 s (2 min, 3 s), and SE of 25 s. The fastest stressed time was 288 s (4 min, 48 s) and the 

slowest was 709 s (11 min, 49 seconds). The percent change between the average time of both 

experimental groups was calculated to be 4.5%, with the average stressed time being 4.5% faster 
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than the average non-stressed time. A single-factor ANOVA statistical analysis was used to 

compare the significance of the differences between the subject groups. The test resulted in a 

p-value of 0.64, which shows that the data is not significant. 

 

Table 1: 

  Stressed Non-stressed 

Time 
(seconds) 

356 296 

458 436 

674 346 

330 520 

418 276 

944* 417 

458 452 

410 457 

631 1040 

444 462 

497 476 

352 341 

359 1210* 

429 652 

374 624 

416 303 

426 630 

611 276 

709 463 

288 477 
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355 210 

347 701 

354 500 

299 357 

689 450 

 

Table 1: Subject completion times are displayed and divided into testing groups. 

 

Emotional Response 

 

After completing the study, both stressed and non-stressed participants were asked to 

complete a form and list three emotions they experienced during the test. The datum was 

analyzed by first separating the stressed and non-stressed participant responses and counting the 

number of participants who experienced each emotion then by further separating the responses 

into “negative” and “positive” emotions (Table 2). We then converted the findings into a pie 

chart (Figure 5).  
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Figure 5 

A: 

 
B: 
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Figure 5: Participant emotions given after completing the puzzle in the stressed and non-stressed 
environments were counted and converted to percents to be displayed as a pie chart. Figure 5A 
depicts the different percentages of participants who indicated feeling each emotion while 
completing the puzzle in the non-stressed environment. Figure 5B depicts the different 
percentages of participants who indicated feeling each emotion while completing the puzzle in 
the stressed environment. Positive and negative emotions were further separated into two colors, 
positive being green and negative being red.  
 
Table 2: 

 Percentage Positive 
Emotions 

Percentage Negative 
Emotions 

Non-Stressed Participants 66% 34% 

Stressed Participants 38% 62% 

 
Table 2: Participant responses of emotions experienced while completing the puzzle in both the 
non-stressed and stressed environments were separated into “positive” and “negative” emotions. 
Table 2 displays the percentage of positive emotions and negative emotions indicated by the 
participants of both the non-stressed environment and the stressed environment.  
 

 

Discussion 

 

Physiological Measures 

 

This study displayed that, although test anxiety led to some significant result findings, 

these changes in physiological measures did not equate to a significant change of time to 

completion of the puzzle. There was significance in the percent change of HR for both the 

non-stressed and stressed environments. This means that the likelihood of the rise in HR in the 

stressed environment being due to chance is extremely low. There was only one participant in the 

non-stressed environment that had a lower HR during the puzzle than their before or after 

baseline, while every other participant in the non-stressed and every participant in the stressed 

environment had a higher HR during the puzzle. Participants in the stressed environment also 

had observable evolutions in their HR, as some had a peak in HR right as they opened their eyes 
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and saw the puzzle for the first time, while others had a gradual increase in HR over the course 

of the experiment. This greater increase of HR during the experiment in the stressed environment 

could be compared to the white-coat effect that causes a change of physiological measures in a 

stressful clinical setting. As stated by Belew et. al., it has been found that being in a clinical 

setting and inducing the white-coat effect can cause increases in the sympathetic nervous system 

activity and HR (1999). The increase of the sympathetic nervous system and HR have been 

found to be correlated by the increase of cortisol, the stress response hormone (Schmidt, 2010). 

Baseline values were taken both before and after completing the puzzle due to the possibility of 

participants feeling overwhelmed when they walked into the testing room, similar to what is felt 

walking into a doctor’s office or a testing classroom. This supports our findings, as HRs before 

the puzzle overall were 3.10% higher than HRs after the puzzle. The pressures of being in an 

intimidating and stressful atmosphere did show consistent effects on sympathetic responses to 

HR, as shown by both statistically significant findings.  

Although the data does connote a physiological increase in RR from baseline compared 

to during puzzle completion, the percent change was not significantly lower in the non-stressed 

environment than the stressed environment. However, there was a significant difference in the 

percent change of RR during the puzzle compared to after in the non-stressed and stressed 

environments. Stressed participants experienced a larger decrease in BPM during RR recovery, 

despite the expectation that a larger decrease would be experienced by participants in the 

non-stressed environment. Participants were observed exhibiting combinations of increased BPM 

and deeper ventilation during the puzzle compared to before and after baselines, which may 

explain the lack of significance observed in percent change of RR before to RR during the 

puzzle. The respiratory belt used during this experiment only recorded BPM and did not record 

tidal volume (TV), which could have been used to calculate minute ventilation (MV) and 

potentially altering data findings. Increases in MV would have indicated increased sympathetic 

response due to stress in participants and could have provided a more accurate physiological 

indicator of stress than RR alone.  

During analysis of the EEG, findings did prove to be conclusive for qualifying 

participants when comparing their activity prior to the test to during between stressed and 
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non-stressed environments. Another important characteristic to note was the correlation between 

levels of brain activity and their performance during the test when looking at the fastest and 

slowest times, regardless of environment. It was found that the worst performing participants had 

the highest levels of activity while performing the puzzle. All but one of these participants were 

found in the stressed group. The one that found themselves in the non-stressed group reported 

rather negative emotional responses and was our only participant to not finish the puzzle, as they 

gave up. These observed physical signs of frustration denote that, despite being in our 

non-stressed environment, this still may have been one of our most stressed subjects. On the 

other side, it was also found that our top performing participants were often below the calculated 

average percent increase of brain activity while performing the test. A majority of these 

individuals found themselves in our non-stressed environment. This correlation between above 

average brain activity and poor performances and below average activity with good 

performances, when connected to the statistically significant finding that there was a 120.39% 

greater increase in brain activity when performing the test in stressed versus non-stressed 

conditions, helps prove the effect that stress has on our mental status while attempting to 

complete a test.  

 

Time 

 

The difference in time to complete the puzzle between subject groups was insignificant. 

The average difference in time between groups was about 20 seconds, which is just a small 

increment of the average time of about 7 minutes and 35 seconds. The testing environment did 

not have any effect on the subjects’ ability to complete the puzzle as fast as they could. There are 

several reasons why this result came about. One could be that the subjects did not take an actual 

test. The assigned task was to complete a puzzle, not to take an exam. There were no real 

consequences to completing the puzzle, whether it was a fast or slow time. Real tests and exams 

that the subjects, who are all students, are used to have consequences, and that puts pressure on 

them to succeed. There was a small reward for the fastest time, but it does not really compare to 

passing or failing a course. People with test anxiety tend to avoid criticism rather than seek 
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praise (Derosa et al., 1991), and there was neither criticism nor praise for their performance. 

Another difference between the experiment and an actual test is that the subjects did not prepare 

for the puzzle the way they would for a test. Subjects learned what task they would have and 

completed it just a few minutes later without any preparation. That is unlike a test, where 

students know of the test for days or weeks in advance and usually prepare for it in some way. 

Test anxiety has a negative impact on test preparation (Caddady et al, 2002), but this experiment 

had none. Testing anxiety can result from three different sources, one of them being the student’s 

perception of the test (Bonaccio et al., 2010). It is possible that the subjects viewed the 

experiment as just a task or an activity, and not as a test, making their performance unaffected by 

test anxiety. Another factor may have been that subjects were at least somewhat familiar with 

those conducting the experiment, with everyone being in the same class. It has been shown in 

middle school students that having a familiar proctor reduces test anxiety (Derosa et al., 1991). If 

all the subjects were familiar with the proctors, the stressed environment may not have seemed 

so stressed. A final reason why the difference in times between subject groups is insignificant 

may be that time is not a good measure of how well someone performs when completing a 

puzzle. During a test, most students complete the test, but have varying answers. There is only 

one way to solve a puzzle, and it is easy to tell when it is completed or not. Subjects had different 

strategies to solve the puzzle, but everyone finished around the same time. It was not measured, 

but perhaps recording how many errors or mismatches subjects made may have been a better 

measure of their performance. 

 

Emotional Response 

 

This study demonstrated that when participants complete a test in a stressed environment, 

they experience more negative emotions than those who complete the same test in a non-stressed 

environment. In the non-stressed environment, 66% of the indicated emotions experienced by the 

participants were positive and only 34% were negative. On the other hand, participants in the 

stressed environment responded with only 38% positive emotions and 62% negative emotions. 

This shows that when completing a puzzle in an environment that includes various stressors, 
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such as being timed or being watched, it is generally a negative experience for the participants 

where they feel stressed, embarrassed, and rushed. However, when completing a puzzle in a 

non-stressful environment, participants have a much more positive experience where they feel 

happy, excited, and motivated. These results also indicate that participants still experience 

positive emotions when completing a test in a stressful environment and negative emotions when 

completing a test in a non-stressful environment, since neither group gave 100% positive nor 

100% negative responses. 

 

Observations 

 

Many observations were made between participants in the non-stressed environment and 

the stressed environment, as well as participants who took more time to complete the puzzle and 

those who took less time. To begin, it was observed that those who participated in the stressed 

environment had far more errors while completing the puzzle than those in the non-stressed 

environment. When a participant felt that they were being watched as they were completing the 

puzzle, they were visibly more flustered and struggled to complete the puzzle efficiently. The 

observed errors made by the stressed participants included putting end pieces in the middle of the 

puzzle, middle pieces on the edges, and spending longer periods of time trying to force pieces 

together that did not fit. These errors were hardly, if ever, observed in the non-stressed 

environment. It seemed as if having the pressure of someone watching the participant complete 

the puzzle distracted the participant and caused them to not be able to think as clearly or 

logically when putting the puzzle together.  

Observations were also made between participants who completed the puzzle in a faster 

time compared to those who took longer. Those who completed the puzzle faster seemed to have 

a plan or strategy that they followed when putting the pieces together. A commonly observed 

strategy used by those who completed the puzzle in less time was to complete the puzzle in an 

organized fashion, starting by forming the border of the puzzle before assembling the inside 

pieces or even grouping the similar pieces together before starting to assemble them. Those who 

took longer to complete the puzzle typically had no observed strategy when forming the puzzle. 



PHYSIOLOGICAL RESPONSE TO STRESS DURING TESTING        21 

These participants chose pieces at random to assemble without any noticeable order or 

organization.  

Similarly, it was observed that the participants who took longer to finish the puzzle used 

more self-deprecating language than those who finished the puzzle faster. When participants felt 

that they were struggling to complete the puzzle, they usually used negative commentary to 

make excuses for why they were taking longer to finish the puzzle or were making more errors. 

Some examples of the comments made by those participants were “I’m terrible at puzzles”, “I’m 

so stupid”, “I’m going to be the longest time”, “I’m so embarrassed”, or “I suck”. It seemed as if 

they did not want the observer to think negatively of them for struggling with the puzzle, and that 

if they said what they thought the observer was thinking about them, the observer would no 

longer think that or judge them as much. Oppositely, those who were faster and more successful 

at completing the puzzle very rarely spoke or made comments during the study. These 

participants seemed to be more confident in their ability to complete the puzzle and do it in a 

timely manner.  

With participants that completed the puzzle in less time, it was observed that they came 

into the test confident in themselves and their puzzle completing abilities. These participants 

commonly made comments like “I’m so good at puzzles”, “I can’t wait to do this”, “I’m going to 

be the fastest time”, or “I’m so ready for this”. Then while completing the puzzle, these were 

typically the participants who were more organized and followed some sort of strategy when 

working. They were much quieter when completing the puzzle and seemed to be more focused 

on finishing quickly than those who took longer and seemed to be distracted by the various 

stressors.  

 

Worrier vs. Warrior 

 

Many of the findings stated proved that there was significant evidence to confirm that the 

created stressful environment altered our physiology. There were further significant differences 

present in separate areas of the data along with those overarching findings. When looking at HR, 

16 individuals in the stressed environment saw an increase of 20% or more compared to only 5 
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in the non-stressed group. It was also found that in comparison, 12 stressed and 2 non-stressed 

saw at least a 25% increase, and 7 stressed and 0 non-stressed saw an increase of 30% or more. 

A similar contrast was seen in respiration as well, as there were 19 recorded instances of a 40% 

change in the respiration rate in stressed environments, but only 9 in non-stressed. When looking 

at the time it took the individuals to complete the test, 4 out of the 5 slowest times were in 

stressed environments (excluding the non-stressed participant that did not finish the puzzle). The 

correlation between one's brain activity and their performance was already discussed, and it was 

seen that those with the best times had below average activity, and the other way around. Despite 

all of this, large amounts of variability were still observed within each group of participants. For 

example, both the best and worst time to completion were in the non-stressed group. This could, 

in part, be due to each individual's response to stress and testing in general. Common vernacular 

used to to help explain this is the “worrier versus warrior” mentality to approaching stress. 

Although one environment was created to induce a significantly higher amount of stress, that 

does not denote that there is no stress induced by simply participating in this experiment. Studies 

have been done to find a particular gene, the Catechol-O-methyltransferase (COMT) gene. The 

gene itself helps regulate the production of COMT enzymes that are responsible for the 

degradation of catecholamines and other neurotransmitters released during stress. If you have the 

‘worrier’ gene, then you break down these neurotransmitters at a slower rate than those that have 

the ‘warrior’ gene (Schwehr, 2017). With slower break down, you will have a greater build up of 

neurotransmitters, and that can elicit a greater physiological response to stress. This will, in 

consequence, alter your ability to perform in tests like those done in this experiment. Despite 

having significant differences in all of the tested physiological measures and emotional 

responses, there was not significant change in the performance of participants in the experiment. 

Due to this, it cannot be concluded that neither the environment nor our genetics has enough 

control to elicit physiological changes through a stress response to alter one's testing 

performance. 
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Final Statement 

 

We chose to do this experiment because we believed it was relevant to us and our peers. 

People are required to take a multitude of tests and exams through their high school or college 

education, and sometimes beyond that. Our research is especially relevant to college students, 

where exams often are the biggest determinants of grades. Learning how test anxiety affects 

students and what causes it can provide insight into methods for anxiety reduction or elimination. 

Our data showed the stressful environment did cause significant differences in HR, RR, and 

EEG, but not in completion time. Stressed subjects also reported more negative words and fewer 

positive words than non-stressed subjects. This finding illustrates how a stress-inducing 

environment can influence physiological and emotional changes, but it denies our claim that 

these changes in the body have an effect on performance. The experiment relates back to an 

underlying theme of physiology: the body responds to its surroundings. In our case, the 

surrounding is stress. To go beyond the scope of our research and really go in-depth in the 

physiology of this would involve studying the role of cortisol in the stress response and how cells 

communicate to carry out the response. The research we have done is considerable, but it is just 

scratching the surface. We can understand and appreciate how interconnected, interdependent, 

dynamic, responsive, and complex the human body is, and we realize the value of learning about 

it.  
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