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Introduction 

The sympathetic nervous system is activated in response to stressful stimuli, and this 

activation results in increased heart rate, respiratory rate, skin conductance, and blood pressure 

(Raff, Strang, Widmaier, 2016, p.342). Personal characteristics play a large role in the extent to 

which the sympathetic nervous system is activated. The auditory startle response, a reaction to an 

unexpected auditory stimulus, is a postsynaptic brainstem reflex which has been shown to vary 

between males and females (Kofler, Muller, Reggiani, & Valls-Sole, 2001). While every person 

displays a unique startle response to disruptive auditory stimuli, the magnitude of this response 

can be influenced by more than biological sex. Environmental factors that cause habituation can 

impact the sympathetic response to startling stimuli. While there have been few studies that 

examine human habituation to noise, many animal models have been used to study habituation. 

Park, Clements, Issa, & Ahn (2018) demonstrated that there is a significant difference in the rate 

of habituation between dominant and subordinate zebrafish, which can be explained by dominant 

zebrafish likely experiencing a more disruptive environment than subordinate zebrafish. The 

zebrafish can be a powerful model for humans as they share similarities in the brain morphology, 

including the amygdala and habenula (Kalueff, Stewart, & Gerlai, 2014). This animal model also 

relates to human studies because fish remain remote relatives of humans, and originally gave rise 

to the first tetrapods which eventually engendered humans. Evidence for habituation in humans 

was demonstrated by Wolak et al. (2016), and found found that acoustic overstimulation affects 

central processing by decreasing brain responses to auditory stimulation for up to 20 minutes 

post-exposure. Two other human studies did not find a change in cardiovascular response to 

auditory stimuli after frequent exposure while asleep, deducing that habituation does not occur to 
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noises, such as night time traffic, even after 5 years (Muzet, Ehrhart, & Eschenlauer, 1983; 

Vallet et al., 1990). However, participants in Muzet’s study did report a subjective response 

improvement to the auditory stimuli, suggesting that their interpretation of the noise changes 

over time.  

There is a knowledge gap surrounding the impact of residence, such as between urban 

and rural residence, on sympathetic activation during the auditory startle response because there 

has not been a study which relates sympathetic activation to residence. Using the concepts from 

previous research about both animals and humans habituating to their respective environments, 

we predict that students’ startle responses can be influenced by the residence in which they grew 

up in, as well as their current residence. This study aims to examine the relationship between 

habituation to residential stimuli and physiological response to disruptive auditory stimuli in 

college students. We will examine participants’ heart rates, respiratory rates, and skin 

conductance before, during, and after they experience a loud stimulus while completing a 

cognitive task. These three physiological measures were chosen because they are all variables 

that increase during sympathetic stimulation (Raff, Strang, Widmaier, 2016, p.342). By 

examining these variables, it is possible to analyze if there is a correlation between the 

participants’ residence and their respective sympathetic physiological response to disruptive 

auditory stimuli. Our hypothesis is that participants who have previously habituated to loud 

environments will experience a reduced physiological response to disruptive stimuli than 

participants who have not.  

We specifically hypothesize that students who grew up in larger cities will experience 

less sympathetic activation when presented with distracting auditory stimuli from a recording of 
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a busy city setting (loud trucks and sirens) than students who grew up in small towns. The 

students from large cities have likely habituated to loud, distracting noises such as sirens. We 

predict that as hometown size increases, physiological response to the siren stimulus will 

decrease because the participant would have been habituated to loud noises if he/she lived in a 

large city for an extended period of time. Relying on anecdotal and population evidence, we also 

hypothesize that students who currently live in very populated areas of the University of 

Wisconsin-Madison campus, such as near Langdon or State Street and near/in the Southeast 

dormitories, will experience less sympathetic activation than students who live in quieter, less 

populated areas of campus such as the Lakeshore dormitories.  Besides being located in close 

proximity to downtown, bars, and the Kohl Center, the Southeast dorms are located on or very 

near major four-lane roads with heavy traffic, with a greater number of bus stops, where one is 

more likely to experience city-like stimuli such as trucks and sirens. Furthermore, two of the 

Southeast dorms have over 1000 students living in them, with the average Southeast dorm 

population at 670 people.  In contrast, Lakeshore dorms have an average of 298 people per dorm 

(UW-Madison Housing Website, 2017). We predict that participants who lived in the Lakeshore 

dorms will experience more physiological arousal than participants who lived in the Southeast 

dorms, and participants who currently live on or near Langdon or State Street will experience 

less physiological arousal during a loud, distracting stimulus than participants who do not. 

Finally, we predict that participants who prefer to study in quiet areas will experience a greater 

physiological response to the siren stimulus than those who prefer to study in the loud section of 

the library because we assume that those who prefer the loud environment are likely not affected 

by noisy environments when completing cognitive tasks. 
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Materials 

The three variables utilized to measure physiological response in our participants were 

respiratory rate, heart rate, and skin conductance. Respiratory rate was found using a simple 

respiratory sensor belt with a pneumograph transducer (Model: SS5LB, SN: 12116463, Biopac 

Systems, Inc. Goleta, CA). This measuring device recorded chest expansion and contraction over 

the duration of the study, which was read as breaths per minute. Heart rate was measured with a 

Pulse Oximeter and Carbon Dioxide Detector (Model: 9843, SN: 118103117, Nonin Medical 

Inc. Plymouth, MN). This measured participants’ heart rate in beats per minute (BPM). Skin 

conductance, or Electrodermal Activity, was measured via an electrode lead set with two BSL 

EDA Finger Electrode Xder (Model: SS3LA, SN: 12123859, Biopac Systems, Inc. Goleta, CA). 

The electrodes were used with GEL 101 Isotonic Recording Electrode Gel (Biopac Systems, Inc. 

Goleta, CA) which was applied using single use Curity cotton tipped applicators.  

These variables were tested utilizing procedures provided by the Biopac Student Lab 

System (BSL 4 Software, MP36). The Biopac Student Lab Manual (Biopac Systems, Inc. ISO: 

9001:2008) provided instructions about the use and applications of the previously listed 

instruments utilized to take physiological measurements during this study. Participants wore 

ALZN Active Noise Cancelling Bluetooth Headphones (Model: X001CFQBZB, SN: 

730440834179) throughout the experiment which provided a silence stimulus (negative control), 

white noise (neutral stimulus) and siren stimulus (treatment). The white noise and sirens 

recording were both from Youtube sources and edited into a three-minute long iMovie (Version 

10.0.7). The cognitive task being completed by participants, a medium level word search, was 

found on scholastic.com. All links are provided in the references. 
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Methods 

Procedure 

A consent form was provided to the University of Wisconsin - Madison Spring 2018 

Physiology 435 students to offer the opportunity to participate in the experiment voluntarily. 

After collecting consenting participants, the necessary devices used to measure physiological 

data were attached to the seated participant. The subject was informed that they would be 

completing a word search while listening to various auditory stimuli. Seated participants were 

first connected to the Biopac respiratory belt consisting of a simple sensor with a respiration 

transducer. The belt was secured tightly around the participant’s chest below the axillae and 

above the nipples, while the participant maximally exhaled. For females, the belt was secured 

above breast tissue. Then, both of the EDA finger electrodes were swabbed with GEL 101 and 

placed on the participant’s middle and ring fingers of their non-dominant hand. Finally, the 

Nonin pulse oximeter/carbon dioxide detector was clamped onto the index finger of their 

non-dominant hand. Noise cancelling bluetooth headphones were placed on the participant. Data 

collection began when the headphones first produced silence and the participant rested in the 

sitting position for thirty seconds. Then, after the thirty seconds, the participant was given the 

word search to begin while silence continued to play for one more minute. Next, a white noise 

(neutral stimulus) was played for one minute followed by an emergency vehicle siren noise for 

one more minute as the participant continued to complete the word search. After the one minute 

of siren audio, the participant stopped their word search and data collection continued for another 

thirty seconds while the participant rested in silence. After the combined four minutes of audio 

stimulation, data collection was stopped and saved (regardless of completion of the word search) 
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and devices were removed. Finally, a brief post-experimental survey was administered to each 

participant. The survey ascertained participants’ gender, age, and a brief history of their previous 

and current living environments, including their freshman year dorm location, their current 

residence (specifically whether or not they live on Langdon or State Streets), the population size 

of their hometowns, and whether they prefer to study in the quiet or loud section of the library 

(see attached survey). An approximate timeline of the experimental process is represented in 

Figure 7. The survey information was obtained along with physiological data to analyze potential 

correlations between living environment--both past and current--and physiological responses to 

disruptive stimuli.  

Data Analysis 

The survey results of each participant were separated by gender, hometown population 

size, and amount of time lived in hometown. The data collected were analyzed to find 

relationships between freshman year dormitory, current residence, size of hometown, or 

preferred study environment and physiological response to the siren stimulus while performing a 

word search. Data from the survey on sibling number, gender, and years lived in hometown were 

not analyzed.  

To analyze the data, we first grouped participants by freshman year dormitory 

neighborhood location among UW-Madison dormitories. This was done to assess the correlation 

between freshman dormitory location and physiological response to disruptive stimuli. Four 

participants that did not live on campus freshman year were omitted from the analysis of the role 

of freshman year residence in habituation because they did not live in a dormitory. Next, we 

grouped participants based on hometown size, whether or not they live on or near Langdon or 
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State Street, and preferential studying conditions (a loud or quiet environment) to assess the 

correlation between these variables and their physiological response to disruptive stimuli. 

Respiratory data were calculated as the number of breaths per phase of our study, rather 

than in breaths per minute. The number of breaths was found by manually counting the peaks in 

each phase of the experiment in Biopac output data from the respiratory belt. Respiratory rate 

was doubled for phase one, the beginning baseline, as well as for phase 5, the return to baseline, 

to standardize results as each phase was only thirty seconds long in comparison to the other three 

phases, which were each one minute long. Data for skin conductance were collected by taking 

four representative values in each 30 second interval of the experiment and averaged for each 

phase. Each value, represented in units of microsiemens, was taken in a 0.98-1.05 second 

interval. For phases of the study that spanned one minute rather than 30 seconds, a total of 8 

values were averaged. The different time periods for each phase can be seen in the timeline of 

events in Figure 7. Participant heart rate data were recorded every 10 seconds throughout the 

experiment. The pulse data were again averaged for each phase of the study. For all 

physiological response data collected, values were standardized by calculating their percent 

change from baseline (phase 1).  

Positive Control 

First, we measured resting heart rate, respiratory rate, and skin conductance for all six 

members of our group while seated for two minutes using the Biopac equipment. Each member 

then disconnected from the equipment and performed physical exercise by running up and down 

twelve flights of stairs. After exertion, the members were reconnected to the Biopac equipment 

and the same physiological responses were measured for two more minutes to prove that the 
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Biopac equipment measures and records changes in data. We observed that the group members 

experienced notable physiological increases in heart rate, respiratory rate, and skin conductance 

and that these changes were recorded using Biopac Systems, Inc. devices, signifying that the 

equipment was functioning and able to detect physiological change after exercise. Figure 1 

shows aggregate respiratory rate data for the group members at rest, which ranged from 24 to 33 

breaths per two minutes as well as respiratory rate data post-exertion which ranged from 41-77 

breaths per two minutes. Figure 2 shows group members’ skin conductance levels before 

physical exertion and after. Resting skin conductance values over the course of two minutes 

ranged from -0.0197 to -0.309 microsiemens, and post-exertion values over the course of two 

minutes ranged from -0.299 to -0.348 microsiemens. Figure 3 shows group members’ resting 

heart rate ranging from 59.25 to 94.75 beats per two minutes, and after physical exertion ranging 

from 75.25 to 135.38 beats per two minutes. All three physiological measurements (respiratory 

rate, skin conductance, and heart rate) showed notable increases between resting and 

post-exertion rates, suggesting that Biopac equipment will be able to properly record responses 

during our experiment. 

Negative control 

During the experiment, each participant sat in silence for a period of 30 seconds while 

baseline resting data were collected with the Biopac equipment. Next, they listened to silence for 

one minute while starting the cognitive task (word search). This allowed baseline data to be 

collected with the Biopac software that could later be compared to the physiological changes of 

the treatment phase (emergency vehicle sirens). We also continued collecting data for 30 seconds 

after the siren stimulus while participants rested in silence because this would bring the 
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participants back to their baseline responses and serve as another comparison. This constitutes a 

negative control because conducting the word search in silence did not induce any physiological 

changes from the resting state, as shown by our neutral stimulus test.  

Neutral stimulus 

White noise was used as a neutral stimulus. A study cited by the National Sleep 

Foundation conducted by Stanchina et al. found white noise to be effective in reducing the 

difference between background noise and changing auditory “peak” stimuli (2005).  The study 

played pre-recorded intensive care unit environmental noise and white noise for participants 

during a sleep study, and then recorded the participants’ arousals from sleep.  Stanchina et al. 

(2005) found pre-recorded environmental noise in ICUs with occasional “peak” noises to be 

more arousing for participants than playing a white noise sound constantly to provide a baseline 

background noise, effectively eliminating “peak” auditory stimuli. Our white noise neutral 

stimulus was presented to participants in between the minute of silence and minute of sirens, and 

it did not generate a physiological response when played. This suggests that the physiological 

responses seen during the treatment phase were due to the siren stimulus and not just any change 

in sound. We conducted our own negative control and neutral stimulus tests to be sure that both 

starting the cognitive task and performing the cognitive task while listening to the white noise 

did not change physiological responses. The neutral stimulus test was administered to all group 

members. First, the member sat in silence for 30 seconds while baseline data were collected. 

Then, they started the cognitive task (word search) in silence and continued for 30 seconds. 

Finally, they listened to the white noise (neutral stimulus) for 30 seconds while continuing with 

the task. The heart rate data for each participant are shown in Figure 4. No notable changes in 
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heart rate were recorded during each thirty second interval.  Figure 5 displays respiratory rate 

data during the neutral stimulus test. Again, no notable changes were found.  Skin conductance 

measured during the neutral stimulus test is shown in Figure 6.  

Results 

Participants 

From the group of Physiology 435 Spring semester students, a total of 32 individuals 

participated in our study. However, our results and data exclude one participant because of a 

malfunctioning respiratory belt, leaving us with a sample size of 31 participants. Of these 31 

individuals, 24 were female and 7 were male. Participant ages ranged from 20-23 years, with one 

33 year old student participant. This, as well as other residential information, came from the 

survey each individual completed following the experiment.  

Survey 

Figure 8 shows four charts that depict the results of the post-experimental survey each 

participant completed. 45% reported living in the Southeast dormitories, and 39% in Lakeshore. 

16% reported not living in either Lakeshore or Southeast dormitories, and were excluded from 

freshman year residence data analyzation. Post-freshman year residence data show that 74% of 

participants do not live on Langdon Street or State Street. A majority (61%) of the individuals 

surveyed grew up in hometowns with a population range of 10,000-100,000 which is classified 

as an urban environment. All participants’ responses for hometown population size were 

between 0-500,000, and no one answered living in a hometown greater than 500,000 people. 

Though we originally split hometown population sizes into categories on the survey, during 

analysis we categorized the data into two groups, urban and rural, because there was not a 
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sufficient amount of participants in each category to keep the data divided into six different 

groups. Urban hometown populations were categorized as being greater than 50,000, and rural 

hometown populations were categorized as being less than 10,000 according to Wisconsin 

census data (www.ers.usda.gov).  Though some participants may have been from areas other 

than Wisconsin, we used Wisconsin census data to standardize our survey responses. In regards 

to library section noise level preference, 77% chose the quiet option rather than the loud one. 

Due to time constraints and perceived irrelevance, number of years lived in hometown and 

number of siblings was not analyzed. 

Data Results  

T-tests were conducted to test for significance between groups using a confidence 

interval of p<0.05. There was no significant difference found between any groupings of 

participants likely due to the small sample size, with the lowest p-value at 0.133. 

Results and comparisons were calculated based on grouping of the survey responses for 

freshman dormitories, living on or near Langdon or State Street, hometown population size, and 

library noise preference. All data were standardized by calculating its percent difference 

(increase or decrease) from baseline phase 1 data. Baseline data are denoted as 0 on the 

experimental graphs. 

According to freshman dormitory reports, in phases 2-4 there was a lower percentage 

change from baseline in respiratory rate of individuals who reported living in Southeast dorms 

than those who lived in Lakeshore dorms, as shown in Figure 9. The same trend was found in 

skin conductance (Figure 10); however, the heart rate data shown in Figure 11 demonstrated the 

opposite trend where Southeast participants had a higher percent change in heart rate than 
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Lakeshore participants. These trends are noticeable on the graphs, but their effects are not 

statistically significant. 

No significance was found in any of the three physiological measurements when 

comparing groups according to participants’ reports of where they currently live on campus. A 

general trend can be seen in Figure 12, which displays that participants who do not live on/near 

Langdon or State Street had a higher percent change from baseline in respiratory rate. The 

opposite trend is demonstrated by Figures 13 and 14, which show higher percent changes in skin 

conductance and heart rate respectively compared to baseline.  

According to participants’ reports of their hometown population sizes, an overall trend in 

respiratory rate shown in Figure 15 demonstrates that the larger population size (population 

10,000-500,000) has a decreased percent change from baseline than the smaller population size 

(population 0-10,000). Surprisingly, Figure 16 shows the opposite trend, where the smaller 

population size displayed a smaller percent change from baseline in skin conductance than the 

larger population size. Figure 17 does not display an overall trend in heart rate data between 

population sizes. 

No significance was found with respect to the data comparing individuals who prefer the 

quiet section of the library and those who prefer a louder area. Figures 18 and 19, which show 

respiratory rate and skin conductance respectively, show no overall trend. Figure 20 shows an 

opposite trend of what may be expected, with individuals who prefer a quiet section showing a 

lower percent change from baseline than those who prefer the loud areas.  

Discussion 
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Though we found no statistically significant differences between groups in our data 

analysis, overall trends can be observed in the deviance from baseline in Figures 9-20. The lack 

of statistically significant results can be attributed to the small, unrepresentative sample size. The 

following trends support our hypotheses: an overall lower change from baseline in respiratory 

rate from participants who lived in the southeast dorms than participants who lived in the 

lakeshore dorms. We expected this result because students from the southeast dorms likely 

habituated to a louder environment and subsequently reacted less to the siren stimulus. The same 

trend is displayed in skin conductance data, likely for the same reason. However, the heart rate 

data displayed the opposite trend, which we did not predict.  

When looking at current residence, the trend demonstrated by the respiratory rate was 

supported by our hypothesis because those who do not live on/near Langdon or State Street 

displayed a larger increase in breathing rate than participants who live on/near Langdon or State 

Street. This can be understood because Langdon and State street are very central locations to 

campus and are generally noisier than other residential areas. Surprisingly, the opposite trend is 

seen in Figures 13 and 14 which show skin conductance and heart rate. While these trends were 

not predicted, they support the Muzet, Ehrhart, & Eschenlauer study (1983) and the Vallet et al. 

(1990) study which found that habituation to environmental stimulus does not occur, even after 

five or more years in the same environment. 

The respiratory data trends when comparing hometown size supported our hypothesis by 

showing an increased respiratory rate in participants who grew up in a small population than in a 

large population when exposed to the stimuli in phases 2-4. However, the opposite trend was 
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found for the skin conductance data, which does not support our hypothesis. Statistically no trend 

was found for heart rate data when comparing hometown size of participants. 

Additionally, the library noise preference did not show any trends, which is likely due to 

the fact that it is a question of preference rather than a variable that would cause someone to 

habituate. This could be because an individual is sensitive to distracting stimuli, but still has a 

preference for a louder section of a library, possibly due to seating availability or location of 

friends. 

The generalizability of this research is specific to college students, as the population was 

fully comprised of students at UW-Madison. Therefore, our sample’s characteristics may not be 

applicable to the greater population. However, this research can be expanded in the future to 

include a wider population and more participants. The University of Wisconsin-Madison’s 

campus is integrated into a large city, so while our results include only participants currently 

living in this setting, further studies could compare physiological responses in students who 

attend colleges in a less urban environment, or conversely, a more urban environment. We also 

did not have any freshman students and very few sophomores, as Physiology 435 is comprised 

primarily of upperclassmen. This limited age range could have influenced the outcome of this 

study because with only upperclassmen participating, most (if not all) of the participants have 

been living and spending most of their time in an urban college environment for 2-3 years. 

Though some participants originated from small hometowns, they may have had some level of 

habituation to their current urban residence which would decrease their deviation from baseline 

in response to the treatment stimulus. Sampling more students would increase the validity of our 
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study and could unmask significant differences in physiological responses which we were unable 

to deduce from such a small sample size.  

Several alternative explanations could influence the results of this research study. Some 

alternative explanations include, but are not limited to, diagnosis or familial history of anxiety, 

stressful events experienced by individual participants, how comfortable a participant is 

completing a word search, level of stress at time of study, and hearing capacity of the 

participants. These variables were not controlled or screened for during the study, but future 

studies could take them into consideration using a more extensive survey. Other limitations of 

this study could stem from the possibility of an individual being more prone to distraction by 

some noises over others, or being better able to filter out some noises better than others. Neither 

of these possibilities were accounted for in this study, and this could be explored using a wider 

range of distracting stimuli, such as loud music, loud talking, dogs barking, or a baby crying.  

Another possible way to improve this study would be to collect data for a longer period 

of time in the first and last phases of the experiment. Though not analyzed in the results, the 

thirty seconds in phase 5, measuring a return to baseline, was found to have a higher variance 

from baseline. For most participants, a return to baseline did occur in this shorter interval; 

however, collection for another thirty seconds may have presented a return for those individuals 

who did not originally. This could give us more insight into how long physiological changes 

occurred in response to phases 2-4. Additionally, altering the survey to be more specific in 

regards to the hometown population question may have given more representative results. Giving 

these ranges in smaller increments rather than the large range of 10,000-100,000 would have 

been more inclusive of hometown sizes. The difference in a city with a population of 10,000 
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versus one with 50,000 can be dramatic and may alter an individual’s habituation to loud noises. 

Though we analyzed hometown population data according to Wisconsin agricultural definitions 

of urban and rural, other entities differ in their definitions, which could be better defined in 

future studies. Furthermore, the survey questions regarding freshman year dormitories and living 

on or near Langdon Street or State Street could be expanded to include other areas of campus, 

rather than a few specific locations. Although we did not analyze the results in respect to the 

survey question about number of siblings, further studies could explore this aspect along with 

other familial characteristics and their influence on an individual’s level of habituation to 

distracting stimuli.  

In conclusion, our study failed to reject the null hypothesis as we found no statistically 

significant results, yet we still saw novel notable trends that could be further analyzed using the 

previously listed suggestions. As our world becomes increasingly urbanized and connected 

through technology, habituation to outside stimuli while completing tasks is relevant to a variety 

of disciplines that require concentration, especially during multitasking.  
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Appendix 

Positive Control Data 

 

Figure 1: Resting vs. Post-exertion Respiratory Rate for Group Members  
Subjects 1-6--each with their own set data bars in the above graph--sat at rest for 2 minutes, 

during which they were connected to the respiratory belt to record their breaths (blue).  After, 
group members ran up and down 12 flights of stairs and were reconnected to the respiratory belt 

to again record respiratory rate post-exertion for two minutes (orange).  
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Figure 2: Resting vs. Post-exertion Skin Conductance for Group Members  
Subjects 1-6--each with their own set data bars in the above graph--sat at rest for 2 minutes, 
during which they were connected to the electrode lead set to record their skin conductance 

levels (blue).  After, group members ran up and down 12 flights of stairs and were reconnected 
to electrode leads to record skin conductance post-exertion for two minutes (orange). 

 

 

Figure 3: Resting vs. Post-exertion Heart Rate for Group Members  
Subjects 1-6--each with their own set data bars in the above graph--sat at rest for 2 minutes, 

during which they were connected to the pulse oximeter to record their heart rate (blue).  After, 
group members ran up and down 12 flights of stairs and were reconnected to the pulse oximeter 

to record heart rate post-exertion for two minutes (orange). 
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Neutral Stimulus Data

 
Figure 4: Neutral Stimulus Test Heart Rate Data 

Each of the group members were connected to the pulse oximeter to measure heart rate while 
undergoing a test in which they spent 30 seconds at rest with silence (blue), followed by 30 

seconds completing the word search with silence (orange), and finally 30 seconds completing the 
word search while listening to white noise (gray).  
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Figure 5: Neutral Stimulus Test Respiratory Rate Data 

The group members were connected to the respiration belt to measure respiratory rate while 
undergoing a test in which they spent 30 seconds at rest with silence (blue), followed by 30 

seconds completing the word search with silence (orange), and finally 30 seconds completing the 
word search while listening to white noise (gray).  
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Figure 6: Neutral Stimulus Test Skin Conductance Data 
The group members were connected to the electrode lead set to measure skin conductance while 

undergoing a test in which they spent 30 seconds at rest with no noise (blue), followed by 30 
seconds completing the word search with silence (orange), and finally 30 seconds completing the 

word search while listening to white noise (gray).  

 
Figure 7: Timeline of events each subject experienced while participating.  

Each subject in this experiment spent approximately eight minutes participating, including pre- 
and post-experimental set up.  
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Survey and Data Analysis 

 
Figure 8: Survey results from a total of 31 participants.  

Participants responded with the location of their freshman dormitory, whether they currently live 
on or near Langdon Street or State Street, their hometown population size, and what library 

section noise-level they prefer.  
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Figure 9: Percent Change of Respiratory Rate Data in Lakeshore vs Southeast Participants 

Respiratory rates (percent change from initial phase 1 baseline) during each phase of the 
experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the neutral 

stimulus and word search, and phase 4 was the word search and sirens. 
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Figure 10: Percent Change of Skin Conductance Data in Lakeshore vs Southeast 

Participants’ skin conductance (percent change from initial phase 1 baseline) during each phase 
of the experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the 

neutral stimulus and word search, and phase 4 was the word search and sirens. 
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Figure 11: Percent Change in Heart Rate Data in Lakeshore vs Southeast Participants  

Participants’ heart rate (percent change from initial phase 1 baseline) during each phase of the 
experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the neutral 

stimulus and word search, and phase 4 was the word search and sirens. Positive values represent 
an increase in heart rate while negative values represent a decrease in comparison to the baseline.  
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Figure 12: Percent Change of Respiratory Rate Data in Participants who live on 

Langdon/State  
Respiratory rates (percent change from initial phase 1 baseline) during each phase of the 

experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the neutral 
stimulus and word search, and phase 4 was the word search and sirens. 
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Figure 13: Percent Change of Skin Conductance Data in Participants who live on 

Langdon/State Street 
Participants’ skin conductance (percent change from initial phase 1 baseline) during each phase 

of the experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the 
neutral stimulus and word search, and phase 4 was the word search and sirens. 
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Figure 14: Percent Change in Heart Rate Data in Participant who live on Langdon/State 

Street 
Participants’ heart rate (percent change from initial phase 1 baseline) during each phase of the 
experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the neutral 

stimulus and word search, and phase 4 was the word search and sirens.  
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Figure 15: Percent Change of Respiratory Rate Data According to Participant Hometown 

Population Size 
Respiratory rates (percent change from initial phase 1 baseline) during each phase of the 

experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the neutral 
stimulus and word search, and phase 4 was the word search and sirens. 
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Figure 16: Percent Change of Skin Conductance Data According to Participant Hometown 

Population Size  
Participants’ skin conductance grouped by hometown population size (percent change from 
initial phase 1 baseline) during each phase of the experiment.  Phase 2 was comprised of the 

word search and silence, phase 3 was the neutral stimulus and word search, and phase 4 was the 
word search and sirens. 
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Figure 17: Percent Change in Heart Rate Data According to Participant Hometown 

Population Size 
Participants’ heart rate (percent change from initial phase 1 baseline) during each phase of the 
experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the neutral 

stimulus and word search, and phase 4 was the word search and sirens.  
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Figure 18: Percent Change of Respiratory Rate Data in Participants who Prefer Loud 

versus Quiet Libraries 
Respiratory rates (percent change from initial phase 1 baseline) during each phase of the 

experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the neutral 
stimulus and word search, and phase 4 was the word search and sirens. 
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Figure 19: Percent Change of Skin Conductance Data in Participants who Prefer Loud 

versus Quiet Libraries 
Skin conductance (percent change from initial phase 1 baseline) during each phase of the 

experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the neutral 
stimulus and word search, and phase 4 was the word search and sirens. 
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Figure 20: Percent Change in Heart Rate Data in Participants who Prefer Loud versus 

Quiet Libraries 
Participants’ heart rate (percent change from initial phase 1 baseline) during each phase of the 
experiment.  Phase 2 was comprised of the word search and silence, phase 3 was the neutral 

stimulus and word search, and phase 4 was the word search and sirens.  
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Post- Experimentation Survey 
 
Name: Age: Date: 

                Email:  Gender: 

 

Circle one for each question: 
 
How many siblings did you grow up with? 
 

0 1-2 3 & up 
 
 
Did you live in Lakeshore or Southeast freshman year? 
 

Southeast Lakeshore Neither 
 
 
Do you currently live on/near Langdon or State Street? 
 

Yes  No 
 
 
Size of your hometown (Please use the actual town/city, not a nearby known one. Ex: If 
from a suburb of Chicago, do not use Chicago) 
 
0-1,000   1,000-10,000       10,000-100,000  

 
     100,000-500,000   500,000-1,000,000             1,000,000 & up 

 
 
Amount of time spent living in hometown 
 
0- 5 years  5-10 years      10-15 years 15 years & up 
 
 
When studying do you usually go to the quiet or loud section of the library? 
 

Quiet Loud   
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