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Abstract:  

Many college-aged students are immersed in a world full of distractions. These 

distractions can be attributed to the rapid-growing technology of smartphones, the growing social 

climate, or a plethora of other factors. These distractions may have a large effect on the student’s 

stress level and ability to focus on the task at hand. We examined how a student’s performance 

and stress level changed when participating in gameplay both in silence and with a designated 

distraction, a two-minute audio recording. Once the study was concluded, we compared both the 

differences in physiological responses and game-score between the baseline, no distraction 

gameplay, and distraction gameplay. When comparing the differences in heart rate, breath rate, 

and skin conductance over the course of the study, we calculated  p-values of .46, .70, and .53 

respectively. For the game-score, we calculated a p-value of .001. Overall, we found that there 

was no significant physiological response to the distraction; however, there was a significant 

difference in performance of the games with and without distraction.  

 

Introduction  

Distractions are present in everyday life, and distractions have the ability to negatively 

influence performance and cause a loss in productivity. Recently, researchers have focused their 

attention on various phenomena referred to as the ‘irrelevant sound effect’ (Beaman & Jones, 

1997). This effect shows that performance is disturbed by the presence of background noise-- 

typically where the speech observed is irrelevant. Whilst investigating irrelevant speech in our 

study, participants were first tested under silent conditions and then exposed to an irrelevant 

conversation clip, all while engaged in gameplay. The disruptive effects of this irrelevant sound 



were then measured by physiological changes in respiratory rate(RR), heart rate(HR), and skin 

conductance. In this manner, participants could be distinguished from situations where attention 

was shared or split between gameplay and the auditory distractor versus when played in silence. 

It is suggested that acute and continuous noise adversely affects vigilance and comprehension 

whereas background noise is a distraction as well as a stressor (Dalton and Behm, 2007). 

Therefore, background noise can be detrimental to various tasks involving concentration and 

attention. 

Extraneous speech and noise are the most often mentioned sources of disturbance in the 

working environment (Landstrom, Soderberg, Kjellber, & Nordstrom, 2002). This working 

environment can be loosely defined as a schoolroom, office, library, etc. Lack of evidence for 

habituation to irrelevant speech suggests that irrelevant speech effects are not easily dissipated 

over time (Beaman, 2005). One study determined that performance was lessened across all 

cognitive tasks in the presence of background sound compared to silence (Cassidy & 

MacDonald, 2007). In another study, Ellermeier & Zimmer (1997) found no effects of gender in 

susceptibility to irrelevant sound during a task. However, age may be a possible variable; 

therefore, it is of interest to study college students who are exposed to various distractions on a 

daily basis and whether they elicit the same effect. It was discovered that attentive processes 

modify the neural activity to facilitate task goals (Lewis et al., 2009), but little knowledge exists 

to understand how stimulatory information may interfere with task goals. We hypothesize that an 

auditory stimulus can influence the degree of distraction from the relevant task, in our case 

performance in the game PONG, which leads to higher levels of stress and further poor 

performance.  



In addition to a distraction, stress can be a factor of decreased performance. Stress is 

shown to be more prevalent in college students, due to various stress factors such as identity 

development, academic pressures, relationships, etc (Kadison & DiGeronimo, 2004).  Chronic 

stress is believed to increase the likelihood of developing major depression and is known to 

exacerbate some diseases (Creswell & Lindsay, 2014). Short term stress has shown an increase 

in the timing and frequency of heart-rate variations (Delaney & Brodie, 2000). Also, 

interruptions from external auditory stimuli may cause an increase in processing time and error 

rates (Cellier & Eyrolle, 1992), memory loss (Oulasvirta & Saariluoma, 2004), and concentration 

breaks (Altmann & Trafton, 2004). Students that are exposed to a lot of stress have shown to 

have lower grades and contextual understanding (Sanders & Lushington, 2002).  As a result, 

these consequences may lead to undesirable defects in performance as a result of distraction. 

For our study, we hypothesized that HR, RR, and skin conductance would all increase 

with the addition of an auditory stimulus of irrelevant speech. We also anticipate a decreased 

level of performance due to concentrated attention to the auditory stimulus. Measuring skin 

conductance allows us to view changes in sympathetic arousal that are linked to emotional and 

cognitive states. When the body undergoes a state of stress, it increases the activity of the sweat 

glands and they secrete sweat due to external stimuli and endogenous processes (Zangróniz et al., 

2017). As the participant is exposed to the auditory stimulus, we hypothesize that they will 

become more distracted and their performance will decrease causing their stress to increase 

resulting in a higher skin conductance. Similarly, when a person is under stress it may elicit 

stronger autonomic nervous system reactions including heart rate and respiratory rate (Lin et al., 

2011). It is therefore hypothesized that interaction between stress induced by introduction of a 



auditory stimuli will act on sympathetic reactions and increase HR, RR, and skin conductance 

and hence, decrease performance. Recording these physiological markers will lead to more 

knowledge to the controversy of distractions and performance.  

 

Materials/Methods 

Materials:  

HR, RR, and skin conductance were all examined using three different measurement devices. A 

Photoplethysmograph (PPG) (Model: SS4LA, Make: 19911-0799, Biopac Systems, Inc. Goleta, 

CA) was used to record pulse by measuring the volumetric change of the blood vessels in the 

finger, in beats per minute (BPM). A respiratory belt (Model: SS5lb, Make: 13116892, Biopac 

Systems, Inc. Goleta, CA) was used to record RR in breaths per minute. Electrodermal activity 

(EDA) finger electrodes (Model: SS3LA, Make: 13013876, 0-35Hz, Biopac Systems, Inc. 

Goleta, CA) were used to measure skin conductance in microsiemens (μS). Data recording and 

analysis was conducted using the Biopac Student Lab System (BSL 4 software, MP36) as well as 

consultation from the Biopac Systems, Inc. Student Manual (Biopac Systems Inc. ISO 

9001:2008) for equipment setup. The participants would play the original home version of 

PONG sold by RadioShack and released by Atari in 1972, which features simple 

two-dimensional graphics, as their measurements were taken. An audio recording would then be 

presented using noise canceling gaming headphones for the distraction period of the experiment, 

where members of our research group speak about an upcoming exam and procrastinating, to 

observe any measurable differences in performance upon addition of this distraction by the 

auditory stimulus.  



 

Methods:  

Participants 

The participants with college freshman to graduate student status were recruited on a voluntary 

basis from the University of Wisconsin - Madison. Participants’ physiological measurements 

were collected at the Medical Sciences Center of UW - Madison. The participants signed consent 

forms, which described the confidentiality measures utilized within the study and brought to their 

attention the possibility of discomfort while participating in the study. 

 

Experimental Set-Up:  

A pre-trial questionnaire was administered asking participants to indicate their gender, whether 

they take a stimulatory medication, how often they play games, the type of games they play, and 

the type of environment they typically study in. These details were reviewed against data 

collection in order to detect potential confounding variables which may have provided reasoning 

for any outlier data observed. In addition, these factors, such as taking a stimulatory drug, could 

alter the participant’s normal performance level when introduced to an external stimulus.  

The following Biopac System preparations were made prior to testing. The Biopac equipment: 

respiration belt, PPG, and BSL EDA finger electrodes were attached to the Biopac Student Lab 

Systems via channels 1, 2, and 4 respectively. “Respiration” (SS5LB) was selected for RR, 

measured in millivolts (mV), using  channel 1, “BPM” (SS4LA) was selected for pulse, 

measured in Hz, using channel 2, and “Electrodermal activity” (EDA, SS3L, SS3LA, SS57L, 

0-35  Hz) was selected for skin conductance, measured in microsiemens (μS), on channel 4. 



Calibration procedures were conducted for the respiratory belt and BSL EDA Finger Electrodes 

as indicated by the Biopac Systems Inc. Student Manual. A respiration belt was secured on each 

participant’s upper chest with the monitor centered on the sternum. The BSL EDA electrodes 

were strapped to the participant's index and middle fingers on their non-dominant hand after 

electrode gel application. The PPG electrode was strapped on the participant’s ring finger on 

their non-dominant hand after the electrode gel application. The participant was asked to remain 

sitting for the entire experiment. A pair of Razer Kraken Pro V2 soundproof gaming headphones 

were provided to each participant to maintain consistency between trails. Resting levels were 

recorded for 2 minutes prior to gameplay. Experimentation was conducted where one 

investigator stayed with the participant and played the PONG game and the other investigator 

observed to ensure that the measurements were continually recorded. The investigators were 

positioned outside of the participant’s view in order to reduce the risk of an additional 

distraction, resulting in a confounding variable that could influence data measurements. The 

participant was instructed to play the game for 2 minutes in silence and then for an additional 2 

minutes with the audio clip created by the research team. The clip was scripted to include 

moments of friends talking about their studying, subjects on the test, and their plans to go out to 

a local bar, all of which are typical conversation pieces expected on a college campus. The audio 

clip is meant to serve as a distraction for the participants to evoke performance disruption. Upon 

completion, participants were assisted by an investigator to remove all Biopac devices and were 

told experimentation had concluded.  

 

Data Analysis: 



The average RR, BPM, skin conductance and performance of the participant were measured first 

as a baseline before the experiment began, and then continually throughout the gameplay using 

the Biopace Systems, Inc equipment. The RR was determined by averaging the number of 

breaths the participant took per minute by placing an output in the Biopac System identifying 

that value. After the data was recorded for the individual, the function was set to analyze a breath 

as “peak to peak”, which was then averaged out over certain one-minute intervals of time during 

both the baseline setup and the experiment. This provided the average respiration rate for the 

baseline, as well as while the participant was involved in gameplay both with and without 

distractions. The data from the photoplethysmography was averaged from the data recorded on 

the Biopac System during the experiment and average BPM was determined by finding the 

number of beats, “peak to peak”, each minute. The average skin conductance of the participant 

was also measured continuously both before and during the experiment and then averaged out 

per minute using the Biopac System. These physiological responses were then compared to their 

performance (score) both before and after the distraction, as well as their baseline. These 

comparisons and analysis were meant to determine whether there was any causation between 

how distractions affect gameplay and concentration. Once determined, we then compared these 

results to the answers recorded on the questionnaire to examine how certain lifestyle choices may 

have influenced their reaction to the distraction.  

 

Positive Controls: 

The four parameters tested in this experiment were HR, RR, skin conductance, and performance. 

Pulse, RR, skin conductance, were shown and analyzed by Biopac Systems, Inc. system to 



accurately display BPM, breaths per minute, and increases in EDA in µS. The performance was 

indicated by the success of gameplay observed by the participant, measured in the number of 

points scored. To test this data, an investigator performed the test where she was playing the 

game PONG with and without a distraction. The baseline data were recorded with a HR of 69.5 

BPM, 2.788 breaths per minute, and .358μS. A new set of measurements for BPM, breaths per 

minute, μS, and points scored were taken after 5 minutes of PONG gameplay in silence. Finally, 

the third set of measurements for HR, RR, skin conductance, and points scored were taken after 

5 minutes of PONG gameplay with the addition of the Japanese audio recording. All variable 

measurements were observed to fluctuate as expected after a distraction was presented to the 

participant. HR, RR, and skin conductance levels increased by a value of 10 BPM, 3.612 breaths 

per minute, and .104μS, respectfully. Performance on the other hand diminished by an average of 

2 points. This shows that the equipment is effective at measuring changes in the physiological 

parameters we are testing. There were complications with the PPG, therefore minimal data had 

been collected due to equipment failure.  

 

Negative Controls: 

As a negative control, one group member wore the respiratory belt, the BSL EDA electrodes, and 

the PPG electrode for 15 minutes (the length of the experiment) without playing the game or 

being introduced to the auditory stimulus. The data for breaths per minute, skin conductance, and 

BPM were recorded by the Biopac system. This showed that the Biopac system was accurately 

measuring the physiological parameters being tested when no experimentation was occurring. 

 



Results: 

Questionnaire Analysis : 

Within our study, we asked the participants to fill out a questionnaire answering five 

questions to indicate: gender, whether they take a prescribed stimulatory medication, how many 

hours they play games, what kind of games they play, and what kind of environment they study 

in. This information is provided in Figure 1. 

 

Data Analysis: 

Our data indicated a trend that we cannot conclude to be significant. Our data showed an 

increase in respiration, heart rate, and skin conductance. This is provided in Figures 2-4. A 

two-sample T-test showed that heart rate had a p-value of .46, respiration had a p-value of 0.7, 

and skin conductance had a p-value of 0.53 when comparing with distraction vs without 

distraction. These values were not significant and suggest that these variables were not affected 

by the distraction. Nevertheless, we did observe a significant trend in performance, with a 

p-value of 0.001 when looking at gameplay with vs without distraction. This can be seen in 

Figure 5. This showed that the distractor impacted only performance. Figures 6-8 exemplify the 

Biopac software used to measure the different body markers.  

 

Discussion: 

Previous research has found that distractors, music (Kampfe et al., 2010 and Wolfe, 

1983) and background noise (Chou, 2010 and Shelton et al., 2009), have affected the 

performance of college students and adults. Our rationale was to expand on the existing 



knowledge of how background noise, in the form of irrelevant conversation, affects performance. 

In our case this was in the form of performance when playing the video game PONG.  

It was found that on average, skin conductance, breath rate, and heart rate all increased 

when the participants were distracted from the game. It can be suggested that the participant’s 

body was stressed; however, the T-tests showed that the study does not show a significant 

causation.While respiration showed the largest increase and both skin conductance and heart rate 

increased slightly, we cannot induce that this was caused by the distraction. Overall, these 

findings  indicate that participants were not stressed to the point of observing a significant 

response. We reject the null hypothesis that our auditory distractor leads to a significant increase 

in heart rate, breath rate, and skin conductance, which are indicators of stress, affecting 

performance. However, the scores from PONG  indicate that the level of performance decreased 

when the distractor was applied. There may not have been a physiological indication that 

individuals were stressed, but the distractor did have an effect on performance.  

Throughout the study, there were a multitude of confounding variables that may have 

contributed to the disparity in the results. One of the major factors was the lack of incentive for 

the participants. Without the drive of a competition or prize, the participants may have felt 

discouraged to do their best. In addition to the lack of motivation, the participant may have 

become acclimatized to the game as it went on. Since the participant played the game for two 

minutes before the distraction was given, they had time to become accustomed to the game 

strategy. This acclimation could have led to a discrepancy in the results when comparing the 

score to the no distraction section and the distraction section of game play, as well as an “at 

ease” feeling that would lower their natural stress response. This would also be true if some of 



the participants had prior exposure to the game. Personal preference in focus spaces could also 

play a role in physiological response as some individuals prefer to focus in loud spaces over 

quiet spaces and vice versa. There were also some confounding variables surrounding the 

researcher competing against the participants in the game. Since the study was conducted over 

the course of several weeks, the researcher improved his own skill set as he competed against 

later participants. This could lead to inconsistencies in score and participant stress level, since it 

would be more difficult to compete against him over time. Likewise, we subjected the 

participants to the same order of no distraction followed by the distractor to ensure the 

experiment procedure was consistent with each trial. 

In addition to the confounding variables, one of the major limitations of this study was 

the researchers ability to limit other distractions. Since the study was conducted in a lab area 

surrounded by other lab study groups, distractions such as loud noises, exercise, and socialization 

were hard to escape from, even being in a secluded room. With the sudden introduction of other 

distractions it is difficult to isolate the audio clip as the sole distraction source. Another 

limitation was the bias of the sample. All participants were selected from the same physiology 

435 class, which implies similar class history and interests. Students in other areas of school such 

as business or language may respond differently to the distraction due to differences in study 

habits learned through these classes.  

With the exponential rise of distractions that college students face, future research should 

focus on how these distractions affect their performance and mental health in school and work 

related areas. Although this study focused on audio distractions in gameplay, the two can be 

easily related. Future research should specially look into how performance and stress level is 



impacted in high social areas. They should then look into ways to limit these distractions among 

college students, and communicate these findings with the science community.  

Physiology 435 Relevance: 

Our project details that as cultural reactions to our environment may change, the 

underlying physiological reactions change with them when looking at the population of college 

students in the 21st century. What may have been a major hurdle in concentrating in earlier 

generations has been overcome today by becoming habituated to today’s world of everyday 

exposure to various stimuli around us. Multitasking has become a norm and requirement rather 

than being simply a skill in everyday life. This could be examined in our study due to the 

observations seen when placing our participants in stressful environments and finding no 

statistically significant changes in their physiology. This opens the door to further study on how 

later generations adapt to our ever chaotic world.  
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Figures and Legends:.

 

Figure 1: The composition of the questionnaire data of our sample size.  

*Percentage for the don’t play option in “Type of Game play” and “Hours of Gameplay” 

categories differ due to the ability to choose multiple answers for type of game play. 

 



 

 

 

Figure 2: Comparison of difference in average breath rates (no distraction vs. distraction) 

compared to basal rates. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Figure 3: Comparison of difference in the average of skin conductance rates (no distraction vs. 

distraction) compared to basal rates.  

 

 

 

 

 

 

 

 

 

 

Figure 4: Comparison of difference in the average of heart rates (no distraction vs. distraction) 

compared to basal rates. 



 

 

 

 

 

 

 

 

 

Figure 5: Comparison of point differences between playing without a distraction and with 

 

Figure 6: Example of data extraction for finding breaths per minute. 



 

Figure 7: Example of data extraction for finding beats per minute. 

 

Figure 8: Example of data extraction for determining the difference between max and min 

values for skin conductance.  


