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Abstract 

High levels of stress have been shown to negatively impact working memory recall. For 

many students these levels produced by academic demands could actually hurt test performance 

(Kuhlmann et al., 2005). To decrease test anxiety many students distract themselves via 

television or social media. We hypothesized that the physiological response induced by a 

startling video will negatively affect memory recall in a way that mimics a direct stressor, thus 

fewer words will be recalled during the experimental condition. Physiological activity was 

measured in subjects both before a startling video as well as after during memory recall by 

measuring electrodermal activity, respiration rate and pulse. Subjects were asked to memorize 

and then orally recall words. Experimental results were not significant (p < 0.05) and failed to 

reject the null hypothesis that there would not be correlation between the physiological response 

induced and memory recall performance. Students showed similar physiological responses 

between the control and experimental testing and also had similar recall performance. 

 

Introduction  

Stress can be defined as a physical, mental, or emotional factor that causes bodily or 

mental tension, and is often correlated with a negative impact on memory and cognition. A 

typical physical response to stress involves an increase in cortisol and catecholamine levels in 

humans, which prepares the body for physical exertion and increased metabolic activity 

(O’Connor et al., 2000).  However, increased cortisol levels have been linked to detrimental 

influences on working memory recall, and as a result could potentially hinder academic 

performance (Kuhlmann et al., 2005).  A specific example of high stress for most students 

coincides with preparing for and taking exams.  
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Students often enlist coping strategies before exams in order to reduce stress.  A popular 

coping mechanism is avoidance, where the student distracts him/herself from the upcoming test, 

often via social media, entertainment, and/or technology (Stöber, J., 2004).  It is likely that 

students use emotionally stimulating resources such as movies, TV shows, or video games as a 

distraction.  As discussed in the article by Lang (1990), physiological arousal can be evoked by 

emotional content in TV commercials, and is often involuntary and unobserved by the person. 

 Since movies, TV shows, video games, and other forms of media often contain emotional 

content, it is logical that they may also induce physiological arousal similar to the effects of a 

stressor.  We aimed to test whether an emotionally arousing coping mechanism, such as viewing 

a startling video clip, could produce a stress-like response and if this was a detriment to 

performance regarding memory recall.  

Mental stressors cause a measurable physiological change, as part of the fight-or-flight 

response, via activity of the sympathetic nervous system and hypothalamic-pituitary-adrenal 

axis. This response includes, but is not limited to: increases in heart rate, respiratory rate, 

sweating, and blood flow to major muscles, as well as the release of various stress hormones 

(Raff, H., & M. Levitzky, 2011). Similar to other stressors, a strong emotion like surprise could 

trigger a similar physiological response; that is, an increase in heart rate, an increase in 

respiratory rate, and an increase in electrodermal activity.  Therefore, we hypothesize that the 

physiological response induced by a startling video will negatively affect memory recall in a way 

that mimics a direct stressor, i.e. fewer words will be recalled during the experimental condition.  
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Materials and Methods 

Participants 

    For our study, we recruited four male and twelve female volunteers currently enrolled in 

Physiology 435 at the University of Wisconsin-Madison. Prior to beginning the experiment, 

participants signed a consent form that briefly described their involvement in the study. Subjects 

were asked to participate in two ten-minute sessions spaced one week apart.  

Measurements 

Subjects’ respiratory rate and galvanic skin response were recorded continuously 

throughout the experiment using Biopac Student Lab System BSL 4 software.  Subjects were 

fitted with a Respiratory Transducer (BIOPAC Systems Inc., Model SS5LB, California) around 

the chest, and Electrodermal Activity Transducers (BIOPAC Systems Inc., Model SS3LA/L, 

California) were attached to the index and middle fingers of the right hand.  Heart rate was also 

monitored using Pulse Oximeter/ Carbon Dioxide Detector (Nonin Medical Inc., Model 9843, 

Minnesota) placed on the left index finger.   Heart rate was recorded manually every five 

seconds during baseline acquisition and during the recall task.  Memory data reflected the 

number of correctly recalled words. 

Controls 

    Pilot testing:  In order to verify that a startling video could produce a physiological response, 

our group conducted pilot tests. Two members selected six suspenseful, startling videos to test on 

the other four group members. The tested group members had their heart rate, respiratory rate 

and electrodermal activity monitored throughout each video. The video with the most conclusive 

data and greatest activity for all three physiological measurements was selected to be the 

experimental video.  
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    Positive control: For the positive control, our group mimicked stressful situations to 

demonstrate that the physiological measurements produced data when the subject was placed 

under stress. We had four participants partake in our positive control. Each participant had their 

heart rate, respiratory rate, and electrodermal activity measured while one group member asked a 

series of intrusive, personal questions. These questions made each participant uncomfortable 

enough to positively display that the physiological measurements worked under a stressful 

situation.  

    Negative control: For the negative control, our group cohesively decided to use a neutral video 

with very little visual or auditory stimulation. We chose a wood burning fireplace in order to 

create a non-stressful scenario. 

Procedure 

Participants were hooked up to a respiratory transducer around the chest, a pulse oximeter 

placed on the left index finger, and an electrodermal activity transducer with receptors placed on 

the index and middle finger of the right hand.  The subjects were given a brief description of 

what the experiment entailed; that is, that they would be given a set of words to memorize, watch 

a video, and then be asked to recall the words.  Baseline physiological measurements were taken 

for 90 seconds prior to starting the task. The volunteer was then given a list of twenty random 

words (identical for each participant) and asked to memorize them.  After 90 seconds, the word 

lists were taken away and the control video was started.  This video showed a fire in a fireplace 

as a neutral audio-visual stimulus.  The video was shown for 15 seconds, followed by directions 

via Prezi to wait quietly for further instructions. The participant then sat in silence for 25 seconds 

to reach a total of 40 seconds.  After completion of this task, physiological measurements were 

obtained while the subject was asked to orally recall as many words as possible from the 
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previously memorized list.  He/she was given 90 seconds to do so, and responses were written 

down by an assistant to aid the subject visually. After 90 seconds, the participant was asked to 

stop and data recording was terminated.  The participant was then disconnected from all 

equipment and asked to keep the study confidential. 

One week after the control testing, all participants were asked to return for a second 

round of testing.  The procedure followed was identical to that listed above, save for the use of a 

stimulatory video rather than a neutral clip and a new list of words for the memory test.  The 

experimental video depicted a snake jumping out at the camera, and was meant to be a startling 

audio-visual stimulus lasting for 17 seconds. This was followed by a waiting period, as indicated 

above, of 23 seconds to reach a total of 40 seconds.  Word recall from the second list of random 

words was tested and physiological measurements were obtained as described above. 

Data Analysis 

Data from memory and physiological tests was analyzed using means and standard 

deviations within each category. Likewise, differences between recall measurements and 

baseline were calculated to assess participants’ deviations from baseline. Paired student t-tests 

were also performed to determine if the experimental group was significantly different from the 

control group for each individual measurement.   

 

Results 

Paired student t-tests were used to analyze the differences in recall between control and 

experimental conditions in order to determine if the startling video impaired memory 

performance. Also, student paired t-tests were used to compare the differences in deviation from 

baseline recordings for physiological measures (EDA, respiration rate, heart rate). Means and 
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standard deviations were calculated for each measure within these conditions. All statistics and 

hypothesis tests were performed with the entire sample size of 16 participants. 

For memory performance, the mean number of words correctly recalled was 12.19 words 

(SD=2.79) for during the control condition and 12.75 words (SD=2.29) for during the 

experimental condition (see Figure 1). Additionally, participants recalled on average 0.56 more 

words during the experimental condition compared to the control condition. The paired t-test 

yielded a p-value of 0.415 (t=-0.839, df =15), indicating that our data is not statistically 

significant. 

For EDA, differences for galvanic skin response were calculated by subtracting baseline 

recordings from measures taken during the recall portion of the experiment. The mean difference 

for galvanic skin response was -0.38 microsiemens (SD=0.98) for during the control condition 

and 1.01 microsiemens (SD=0.66) for during the experimental condition (see Figure 2). The 

paired t-test yielded a p-value of 0.055 (t=2.076, df =15), indicating that our data is not 

statistically significant but may describe a possible trend. These results indicate that on average 

participants showed a slightly greater deviation from baseline in their sweat response after 

watching a startling video compared to a control video but is still not statistically valid. 

For respiration rate, measurements were recorded as breath cycles per minute. 

Differences were calculated by again subtracting baseline measurements from those taken during 

the recall portion of the experiment. The mean difference for respiratory rate was an increase of 

5.46 cycles per minute (SD=3.89) for during the control condition and an increase of 3.50 cycles 

per minute (SD=2.81) for the experimental condition (see Figure 3). The paired t-test yielded a 

p-value of 0.028 (t=-2.435, df =15), showing that our data is statistically significant but does not 

disprove the null hypothesis because the participants physiological response increased in the 
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control data more than in the experimental data. These results describe that on average 

participants increased their breathing rate more during the control condition than after watching 

the startling video clip. 

For heart rate, differences were calculated by again subtracting baseline recordings from 

measures taken during the recall segment of the experiment. The mean difference for heart rate 

was an increase of 9.24 beats per minute (SD=7.23) for during the control condition and an 

increase of 5.24 beats per minute (SD=5.57) for the experimental condition (see Figure 4). The 

paired t-test yielded a p-value of 0.024 (t=-2.435, df=15), indicating that our data is statistically 

significant. These results report that after watching the startling video  participants showed a less 

drastic increase in heart rate compared to the control condition, which does not disprove the null 

hypothesis.  

In addition, we analyzed the recall scores independent of the video condition for each 

participant, and instead sorted individuals into groups that either showed a physiological 

response or did not. The mean was 12.78 words (SD=2.11) for those that showed a physiological 

response compared to a mean of 12.71 words (SD=2.69) for those that did not show a response. 

A t-test to compare these results yielded a p-value of 0.960 (t=0.051), indicating no significant 

difference between groups. Thus, a physiological response independent of audiovisual 

stimulation did not appear to alter memory performance.  

We also analyzed the data set of recall scores between control and experimental 

conditions, but after removing 6 participants that failed to show a physiological response to the 

snake video. The mean number of correctly recalled words was then 13.44 words (SD=1.88) for 

during the control condition, and 12.78 words (SD=2.11) for during the experimental condition.  

A paired t-test between these new groups yielded a p-value of 0.489 (t=0.701, df=8), indicating 
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that even after removing those that did not show a physiological response, there was no 

significant difference in recall scores between the control and experimental conditions. 

 

Discussion 

Experimental results were unable to confirm our hypothesis that a physiological response 

induced by a startling video would negatively impact memory test results.  While EDA data 

showed some stress-like response, results were not significant.  Respiration and heart rate were 

both more elevated during control tests than in experimental conditions, which is the opposite of 

a stress-like response to the audiovisual stimulation.  Memory recall had no significant difference 

between the groups.  Although the startling video produced stress-like physiological results in 

our initial testing, it did not appear to do so in our experimental data.  This could be due to a 

number of factors.  One key problem likely involved our pairing of control and experimental 

participants.  Since we did the control testing first, it is possible that subjects were mildly 

stressed solely by participating in the experiment.  When they returned to complete phase two of 

the testing (the experimental response), they may have been less tense due to familiarity of the 

experimental setup.  Therefore, it is probable that a more relaxed state during the experimental 

run caused a decreased deviation from baseline. We had additional confounding factors due to 

experimental conditions not being entirely controllable.  There were occasional unplanned 

interruptions and distractions from other people, and equipment was not a constant between days 

due to the student laboratory environment.  While these problems may have impacted some of 

our data, they likely did not cause the final outcome alone. Because our results do not show a 

correlation between the startling video and the participant’s physiological response, it is not 

possible to infer significant information from the memory test results. Even with manipulation of 
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our data (data mining), we were unable to obtain significant results.  The participants performed 

similarly on control and experimental memory tests, which reflected their similar physiological 

measurements.  

Future experiments to test this hypothesis ought to include separate participant groups for 

control and experimental data collection, to remove the confounding comfort factor. A larger 

randomized sample of participants should be used for more effective results.  The time period 

between memorizing the word list and recall should be longer, as the time used in this 

experiment may not have overcome working memory. Continuous rehearsal of information 

extends the amount of time it may remain in working memory, (Gazzaniga et al., 2013) thus the 

amount of time allotted for memorization of the word list should also be reduced. 
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Figures 

 

Figure 1. Memory Performance Scores 

A. This figure shows the estimated distribution of the number of words correctly recalled for both the control 

and experimental groups. Density curves were estimated from the given data and have been normalized to 

reflect the relative frequency. The density values themselves represent the relative proportional frequency 

of individual values within the data set. Both distributions appear very similar in shape and did not 

significantly differ. 

B. The figure shows the mean number of correct words recalled for both the control and experimental groups. 

Error bars represent one standard deviation from the mean in both directions. The means were not 

significantly different. 

 

 

 
Figure 2. Differences in Electrodermal Activity (Recall-Baseline) 

A. This figure shows the estimated distributions for the EDA deviation from baseline for both the control and 

experimental groups. Differences were calculated by subtracting baseline measurements from those taken 

at the time of the recall task. Density curves were estimated from the given data and have been normalized 

to reflect the relative frequency. The density values themselves represent the relative proportional 

frequency of individual values within the data set. The distributions were not significantly different, but the 

experimental condition trended toward showing a greater increase when compared to the control condition. 

B. This figure shows the mean differences in EDA for both the control and experimental groups. Error bars 

represent one standard deviation from the mean in both directions. While not significantly different, the 

experimental mean difference trended toward being greater than the control mean difference. 
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Figure 3. Differences in Respiratory Rate (Recall-Baseline) 

A. This figure shows the distributions for the respiratory rate deviation from baseline for both the control and 

experimental groups. Differences were calculated by subtracting baseline measurements from those taken 

at the time of the recall task. Density curves were estimated from the given data and have been normalized 

to reflect the relative frequency. The density values themselves represent the relative proportional 

frequency of individual values within the data set. The distributions were statistically different, with the 

control group showing greater increases in breathing rate than the experimental group. 

B. The figure shows the mean differences in respiratory rate for both the control and experimental groups. 

Error bars represent one standard deviation from the mean in both directions. The control mean difference 

is statistically greater than the experimental mean difference, indicating that the control condition increased 

breathing rate more drastically. 

 

 
Figure 4. Differences in Heart Rate (Recall-Baseline) 

A. This figure shows the distributions for the heart rate deviation from baseline for both the control and 

experimental groups. Differences were calculated by subtracting baseline measurements from those taken 

at the time of the recall task. Density curves were estimated from the given data and have been normalized 

to reflect the relative frequency. The density values themselves represent the relative proportional 

frequency of individual values within the data set. The distributions were statistically different with the 

control group showing greater increases in heart rate. 

B. The figure shows the mean difference in heart rate for both the control and experimental group. Error bars 

represent one standard deviation from the mean in both directions. The control mean difference was 

statistically greater than the experimental mean difference, indicating that the control condition increased 

heart rate more drastically. 
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Appendix  

 

Appendix A: Timeline of study illustrating the procedure throughout the experiment in units of 

time 

 

 

Appendix B: Screenshot of Subject Consent Form 
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Appendix C: Screen shot of word list: The first word list (on left) is memorized during the 

control session. The second word list (on right) is memorized during the experimental session. 

 

 

Appendix D: Participant Information: Summary table of dates of participation and memory recall 

scores. 
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Appendix E: Screenshot of BIOPAC analysis software of Respiratory Rate and EDA from a 

randomly chosen participant. The top graph (red) shows raw EDA data. The bottom graph (blue) 

shows raw respiration data. 

 

 

Appendix F: Respiratory Cycle calculation: Screenshot of BIOPAC analysis software of 

respiratory rate. The blue highlighted section shows one cycle of respiration. Cycles per minute 

were used to calculate average respiration rate.  

 

 


