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Abstract
Distractive stimuli divert students’ attention and disrupts the memory formation process.
Stress, as measured by physiological changes including rise in blood pressure, heart rate and
skin conductance, also affect the formation of memories.This research aimed to investigate the
human physiological response to distractive auditory stimuli along with the ability to recall
material learned in the context of distractive auditory stimuli. Blood pressure, heart rate, and
skin conductance were measured for 26 participants. Subjects underwent a 30 second
memorization phase, followed by a 3 minute sorting task, and a 1 minute phase to recall the list
of 7 words given in the beginning of the experiment. An experimental group listened to the
iPhone ringtone “The Opening” during the memorization phase while the control group
performed their task in silence. The results indicate that the distracted group recalled on
average 20.2% less words than the undistracted group. However, statistical analysis indicates
no significant difference between the physiological responses of participants in the distracted
group versus the undistracted group. Overall, the experiment clarifies the impact distractive
stimuli have on memory formation.
Introduction
Memory is encoded, retrieved, and consolidated through various mechanisms. Memory
is not a single item, but rather a myriad of several learned experiences. In particular, literature
has noted the existence of three distinct types of memories. Short term memory encodes a
limited amount of information and temporarily holds it in a very accessible state. Memories
typically exist in the short-term span for up to 30 seconds (Weinstein 2017). Working memory
refers to memory that is used to plan and carry out behavior. Long term memory refers to vast
store of knowledge and a record of prior events (Cowan 2009). The conversion of short term
memory to long term memory is dependent upon time and exposure (Preston 2017). It is
theorized that short term memory compared to long term memory is limited by both capacity and
duration (Cowan 2009).
In order to form new memories, certain stimuli must be attended to. The division of
attention, such as between reading and listening, hinders one's ability to form conscious
memories (Chun & Turke-Browne 2007). Distractive stimuli, including irrelevant noises, divert
selective attention. Sounds that vary in tone and rhythm tend to be more distracting than
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repetitive sounds and, therefore, more significantly inhibit the ability to recall information (Jones,
Madden, & Miles 1992). This has practical implications for the locations where people frequently
study and learn new information. Areas such as libraries and offices often have open floor
plans, which allow sound to travel. One of the most common complaints about these spaces
regards noise from people talking and the ringing of telephones (Nemecek & Grandjean 1973).
College students often spend upwards of 30 hours a week learning and studying in places
where open floor plans and distracting noises coexist.
Institutions of higher education are increasingly incorporating technology into classroom
learning. Although technology, particularly smartphones, allows easy access to information and
convenient communication, it also accounts for one of the leading distractions in the classroom.
Studies have found that 38% of students are not able to go longer than 10 minutes without
checking their mobile devices (Kessler 2011). This divided attention both in the classroom and
while studying can have a detrimental effect on learning and memory. Ours brains have a
restricted ability to divide our attention while retaining detailed information (Gassalay & Rosen
2016). Therefore, distractions pose a risk for absorbing and recalling information.
Our study specifically looked at how the distraction of ringtones affects memory
formation and recall. Ringtones pose as an even more significant distraction if the stimulus is
unexpected (such as during lecture or while studying), and the disruptive effects linger for a
longer period of time (Shelton et. al 2009). Interestingly, irrelevant sound stimuli diminished
study participants’ ability to perform immediate serial recall (Norris et. al 2003). These distractive
stimuli disrupt short term memory formation. It is likely that if an irrelevant stimulus disrupts this
process, a stimulus with societal significance will be even more likely to disrupt the memory
formation and recall process.
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Stress also affects the normal integration of information, as well as the memory
formation process. Stress refers to a bodily response that deviates from equilibrium in reaction
to a stimulus and can be monitored through changes in physiological variables such as an
increase in blood pressure, heart rate, and skin conductance. In times of stress, the body
automatically activates the sympathetic nervous system. As a result, heart rate and blood
pressure levels increase (Willhaus 2013). Another response of the sympathetic nervous system
is an increase in skin conductance (Critchley et. al 2000). Our study aimed to determine
whether auditory stimuli were disrupting enough to elicit a stress response. To assess the stress
response, physiological variables were measured while performing a memorization task. We
chose a generic iPhone ringtone as our distractive stimuli due to the fact that nearly all college
students own a cell phone, many of whom own iPhones. Our society places a large significance
on telephones and rapid communication. Due to its significance, students have substantial
physiological reactions to the sound of a cell phone ringing (Shelton et. al 2009).
Given the current research, we hypothesized that the division of attention as well as the
stress induced during memorization and recall, under time restraints, would decrease
participants’ ability to successfully recall the list of seven words they attempted to memorize.
Due to the fact that an increase in heart rate, blood pressure, and skin conductance is
associated with detrimental effects on the outcome of memory formation we also predicted an
increase in these physiological variables during the memorization and recall phases of the
experiment. Finally, we hypothesized that these physiological variables would increase even
more significantly for subjects who were distracted during the memorization stage.
Materials and Methods
Materials
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The three physiological variables that were measured were heart rate (beats per minute;
bpm), blood pressure (mmHg), and skin conductance (ElectroDermal Activity or EDA;
millisiemens). These variables were measured while performing a memory recall test, with or
without a distractive stimulus (the iPhone ringtone “Opening”). The ringtone was played from a
YouTube clip on a laptop through headphones that each participant was asked to wear. Heart
rate and blood pressure were measured using an Omron Blood Pressure monitor (Model: 10
Series Plus). ElectroDermal activity was measured using a skin lead (Model SS3LA) and
electrode gel on a Biopac System MP36. The electrodes along with electrode gel were
connected to the index and middle finger on the participant’s non-dominant hand. EDA was then
measured with the Biopac Systems Inc. Acquisition Unit. Similarly, the blood pressure cuff was
placed on the non-dominant arm. All participants were instructed to sit with their legs uncrossed
and their feet flat on the floor. Their non-dominant arm was placed with the palm facing up on
the table for the entire study to ensure accurate blood pressure measurements were recorded.
The memory recall test included each of the seven words included in Figure 1.
Participants
Participants included volunteers between the ages of 20 and 23, that were enrolled in
the Physiology 435 course at the University of Wisconsin–Madison during the spring of 2018.
The subjects included 8 males and 18 females. All participants designated English as their first
language. None of the participants designated that they were colorblind. Participants also
indicated their dominant hand in order to determine which hand and arm the skin conductance
monitor and blood pressure cuff would be placed. All subjects were randomly assigned to either
the control or test group using a random number generator (RANDOM.ORG). Odd numbers
indicated that the participant would work in silence while even numbers signified the distracted
group; participants were blind to which group they were assigned.
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Procedure
Prior to the experiment, to ensure the equipment was working properly and would
measure the chosen physiological metrics, preliminary data was taken (Figure 4). Two students
were tested under the control group, and three students were tested as the experimental group.
Data was graphed based on a representative individual, and then all of the data was graphed
together in a pooled, averaged graph (Figure 4). Due to the small sample size, some points do
not have error bars. These students had the same physiological measurements, thus giving a
standard deviation of zero. These positive controls confirmed that our physiological
measurements could be accurately measured.
Each trial took place in the classroom near the location students attended lab each
week. Upon entering the room, a brief description was given to participants regarding which
physiological parameters would be measured and how, the memory recall test they would be
performing, and the unrelated sorting task. Following this explanation, the skin conductance
leads and pressure cuff were placed on the participant’s non-dominant arm and connected to
the Biopac and Omron systems. Participants were then allowed to rest before their trial began in
order to ensure their heart rate, blood pressure, and skin conductivity were at their baseline, and
that their baseline was not later affected by connecting equipment. All participants were told to
sit with their non-dominant hand palm up and legs uncrossed in order to ensure body position
did not affect each participant’s physiological measurements. Once the participants felt
comfortable, the equipment was calibrated and subjects’ baseline measurements were taken.
Subjects’ then sat for another minute and their baseline was measured a second time. If no
change was observed these values were taken to be the negative control. After the data were
recorded, all participants were instructed to put on a pair of headphones. They wore these
headphones for the remainder of the experiment. At this time, the distracted group began

5

listening to the the ringtone while the undistracted group did not listen to anything. Every
participant was then instructed to turn over an identical sheet of white 8x11 paper with a typed
list of 7 words. This number was chosen due to many findings that short-term memory has the
capacity to hold seven items of information at a time (Miller, 1956). In similar studies,
participants were given 30 seconds to memorize the list of words, forming the basis for the 30
second memorizing duration to be used in this study (Konantz 2012). The undistracted group
memorized the words in silence while the distracted group listened to the iPhone ringtone
“Opening” for the memorization period. This ringtone was chosen due to the findings of Shelton
et al, that cell phones tones provide a significant distraction for students while in the classroom
and interferes with their cognitive performance. This ringtone was identical to that of a common
iPhone ringtone and was played only during the memorization phase. While participants
memorized the list of words, measurements for heart rate, systolic and diastolic blood pressure,
and skin conductance were taken.
At the completion of memorization, the participants were instructed to perform an
unrelated, non-cognitively challenging task. This task included sorting 2 inch x 2 inch pieces of
paper of 8 different colors into piles of their corresponding color. Before they started, the
participants were told that they were not being timed and could work as fast or as slowly as they
preferred. An experimenter announced the end of the 3 minute interval and directed the
participants to stop sorting. According to Yana Weinstein (2017), information can only be held in
short-term memory for 30 seconds. Having the participants wait 3 minutes before reproducing
the material suggests that the words had been converted into long-term memory. This is
important because converting information into long-term memory is necessary to do well on
exams in college.Physiological measurements were taken at the end of the stage.
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Subjects were then given 1 minute to recall the list of 7 words they were given in the
beginning of the experiment in no particular order. An identical, white, 8x11 piece of paper and a
writing utensil were placed in front of the subject so that they could write down their responses.
Once again, physiological measurements including heart rate, blood pressure, and skin
conductivity were taken during the recollection period. A complete timeline of the procedure can
be viewed in Figure 2.
After the participants completed the study their recalled list of words was graded for
correctness. If the words were spelled incorrectly or were written in a different tense they were
still considered correct.

Statistical Analysis
In terms of statistical analysis, we recorded the percent change from baseline for systolic
blood pressure, heart rate, and skin conductance for each subject across each stage of the
experiment (Figure 3). Analyses focused on systolic blood pressure due to evidence suggesting
that systolic pressure is a greater predictor of cardiovascular risk i.e. stress (Timo E. Strandberg
& Kaisu Pitkala 2003). The percent change was statistically summarized for each stage, and the
undistracted and distracted groups were compared to one another. From there, a t-test for
significant difference between the two groups was completed in order to indicate statistical
significance for the project. Additionally, the percent of words recalled correctly were averaged
for the undistracted group and the distracted group. A t-test was performed to determine the
significant difference between the groups.

Results
Physiological variables were recorded across three distinct stages: memorization,
sorting, and recall in order to assess participants stress responses (Figure 5). Percent change
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from baseline was calculated within each stage for skin conductance, blood pressure, and heart
rate and compared across treatment groups. Recall performance was also analyzed for the
distracted and undistracted groups and plotted for comparison.
Task Performance
Task performance was measured by the number of words that were correctly identified
during the recall stage by each participant. The average number of words recalled for the
undistracted group was 6.167 words and 4.75 words for the distracted group (Figure 6). This
indicates that the distracted group recalled 20.2% less words than the undistracted group. A
t-test revealed a p-value of 0.003, which determines a strong statistical significance between the
two groups.
Skin Conductance
Percent change from baseline in skin conductance displayed an upward trend for both
distracted and undistracted groups through the three stages. Surprisingly, the undistracted
group percent change measurements were greater on average than that of the distracted group.
However, p-values of 0.363, 0.421 and 0.414 for memorization, sorting, and recall phases
respectively determine no statistical significance among these results.
Blood Pressure
Percent change from baseline of systolic blood pressure showed variation through each
stage of the experiment. The undistracted group showed a positive trend across the stages,
while the distracted group increased in percent change from baseline from memorization to
sorting, then decreased from sorting to recall. As with skin conductance, the undistracted group
recorded greater percent changes in each stage than the distracted group. P-values of 0.739
and 0.522 for the memorization and sorting phases indicate no statistical significance among
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the data, while a p-value of 0.018 for the recall stage indicates a statistical significance between
the distracted and undistracted groups.
Heart Rate
Measurements for percent change from baseline in heart rate across the stages
displayed a similar trend for both groups. Memorization showed high percent changes in heart
rates, followed by a large decrease during sorting and an increase during recall. Overall heart
rate percent change values were higher for the group exposed to a distractive auditory stimulus.
That being said, comparison between groups within each stage indicate no statistical
significance between the distracted and undistracted groups with p-values of 0.315, 0.383 and
0.347 respectively.
Discussion
Statistical analysis revealed a p-value of 0.003 for task performance, which supports our
hypothesis that participants who received the distractive stimuli would be unable to correctly
recall as many of the seven words as the undistracted group. Upon first inspection, there were
physiological responses generated through the course of the three stages in response to the
experimental conditions. Heart rate in particular seemed to support our hypothesis, because
values were increased during the memorization and recall phases and reduced during the
sorting phase. That being said, for each of the physiological parameters measured (skin
conductance, heart rate, and blood pressure), statistical analyses produced p-values that were
greater than the accepted value for statistical significance of 0.05. Therefore, we are unable to
reject the null hypothesis, indicating that there is no significant difference in physiological
responses between the group receiving the distractive stimulus and the undistracted group. All
in all, it can be stated that our distractive stimuli did have an impact on memory recall though it
was not due to an elicited stress response.
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To account for these results, we hypothesize that participants were consistently stressed
throughout all five stages of the experiment which could account for the consistent increase in
skin conductance throughout all the stages. Similarly, blood pressure may be a good indicator of
stress, however, our procedure may not have been the most effective method for accurate
readings due to the frequency of readings. Finally, though the results were not statistically
significant, heart rate was the most reliable physiological measurement of stress. It
demonstrated how participants were stressed during memorization, calm during sorting and
experienced an even higher level of stress during recall, which we originally hypothesized.
Due to our finding that distractive auditory stimuli, such as cell phone sounds, is
correlated with decreased recall ability, there are real world implications for the way students
study and how professors conduct their classrooms, which may help to understand why certain
students may score higher than others. Teachers may be more hesitant to guide instructions
with cell phones due to the likelihood that students’ cell phones buzzing with texts and the
occasional phone call. Students should also consider this implication when deciding where to
keep their phone while studying outside of the classroom. Nowadays, with such a dependence
on cell phones it is important to realize the impact they have on studying and memory recall.
Various critiques of our study may be made to explain potential errors in our data. For
example, although the same brand and model of equipment was used for every participant the
exact piece of equipment varied between participants. The equipment was also not fully reliable.
Several times the blood pressure monitor failed to take a reading and another measurement
was taken immediately after the failure. Different researchers also performed numerous parts of
the experiment. This inconsistency could increase the probability of human error in events such
as timing and averaging the skin conductivity. Furthermore, the lab room where the experiment
was conducted was not isolated. At any time during the experiment students and professors
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may walk through the laboratory room unexpectedly, causing a distraction to the participant.
Finally, the participants of the experiment were not truly representative of the general
population. The participants were self-selected, motivated by reciprocal participation in each of
their own experiments; most of the participants were also female (69%) and all participants were
exclusively selected because because they were enrolled in UW Madison’s Physiology 435
class.
Further directions for future studies may aim to look at a broader range of effects of
distractive auditory stimuli. Future studies may employ a similar procedure to the one we carried
out, but have participants return a day or week later to determine how these words have
assimilated into long-term memory. It may also be important to look at the differences in the
ways males and females react to distractive stimuli, both physiologically and their recall ability.
This analysis was not possible in our study due to our small sample size of males in comparison
to females. Furthermore, a more in depth experiment on the effects of the presence of phones
while studying could reinforce and build upon our findings. For example, if subjects were
allowed to have their phone placed upwards next to them while carrying out the three stages
and if researchers were permitted to send texts, notifications, and make calls throughout the
stages, this could be more representative of how many students study. This would then allow
researchers to analyze the overall effects of the presence of a phone on physiological variables
and memory formation.
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Figures and Tables:

Figure 1: Seven words chosen for memorization and recall.

Figure 2: Timeline of the procedure with approximate duration of each stage.

Figure 3: Equations used to determine percent change from baseline for skin conductance,
heart rate, and systolic blood pressure.
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Figure 4: Preliminary data indicate the equipment has the capability to measure each
physiological metric. The data also ensures that the conditions produce a measurable change
from baseline for heart rate, skin conductance, and systolic blood pressure.

Figure 5: Percent changes from baseline for heart rate, blood pressure, and skin conductance
across memorization, sorting, and recall phases for undistracted and distracted groups.
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Figure 6: Average words recalled for the distracted and undistracted groups.
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