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Abstract
Online reading has become a preference for many college students as technology has become
easier to use and more advanced compared to reading books and paper-based copies. However,
there may be implications from reading online that affect memory retention and physiological
response. Previous research has failed to address the effects of screen time on physiologic
response as well as the effect of reading medium on specifically blinking rate. Additionally,
previous research has found contradictory information about the relationship between blood
pressure and reading medium. As a result of this conflicting data, our research investigated
whether reading online versus on paper significantly affected the heart rate, blinking rate, blood
pressure and memory retention of the participant. Additionally, the participants’ amount of
screen time on their phone was collected to determine if this moderated the physiologic response.
The results concluded that blood pressure was not different between reading mediums; however
the mean arterial pressure did change significantly from baseline while reading from either
medium. Heart rate decreased while reading on paper, but increased when reading online.
Respiration rate was not significantly different from baseline or between variables. Blinking rate
decreased significantly from baseline but did not differ between reading mediums. Finally,
memory retention had no difference between reading medium groups. We can conclude that
reading medium does not have an effect on memory retention, respiratory rate, blinking rate or
blood pressure. However, reading medium does have an effect on heart rate.
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Introduction
As technology advances and becomes more readily accessible, there is a steady
progression toward reading on digital devices as opposed to books and other paper-based
reading. This has sparked a debate as to whether reading on digital platforms such as phones,
computers, and tablets allows for the same comprehension and memory retention as traditional
methods. Additionally, the rise in popularity of electronic devices used in education due to
reduced costs, political pressures, and convenience has raised the question as to whether physical
health is affected through physiological responses during reading on paper media versus
electronic media (Wook Ji et al., 2014).
Bando et al., 2017 concluded that reading from a paper media induces a pattern I
hemodynamic response which can be compared to active stress coping that leads to an increased
heart rate and blood pressure. The heart rate increase is thought to be caused by the suppression
of vagus nerve activity in the heart and the promotion of β adrenergic sympathetic nerve activity.
Comparatively, this study determined that reading from electronic media does not elicit
physiological results matching stress coping or a change in mean blood pressure (Bando et al.,
2017). Other studies have shown that screen time is not associated with blood pressure
seemingly at all (Goldfield et al., 2011). Gopinath et al., (2011) established that screen time is
positively associated with blood pressure, while reading is negatively associated with blood
pressure. Further research is crucial to identify the true nature of screen time and electronic
reading on the body and how it influences both physiological and cognitive dimensions.
As many continue to use digital devices for numerous tasks, digital eye strain is
becoming a larger public health issue. Reading from electronic documents proves more
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challenging to follow by the eyes, and the fatigue of eyes causes sympathetic nervous activity
(Bando et al., 2017). The reduced blinking rate and decreased completeness of blinks seen with
digital device use can cause dryness, itchiness, blurred vision, tearing and headaches
(Coles-Brennan et al., 2019). Furthermore, sympathetic arousal is seen in children and young
adults with internet addicted behavior (Lissak 2018). When considering these symptoms, there
is concrete evidence of negative implications on the eyes corresponding to assigning digital
readings. Severe eye strain due to long durations of reading via electronic media could result in
needing more breaks due to digital eye strain symptoms which decreases productivity overall.
Over recent years it has become nearly impossible to avoid the use of screens. The effects
of screen use on reading comprehension is a topic that is continually followed. Those who rely
more on digital devices may have different retention than those who are less familiar. Chen et al.
(2014) examined the effect of tablet familiarity of the user on their reading comprehension. In
the study, subjects were randomly chosen to read a passage from a paper or electronic source.
Additionally, all subjects completed a computer familiarity questionnaire online. A multiple
choice questionnaire was given out after the reading was completed. The study found that
participants who read from the paper group performed better on the reading comprehension quiz
that those in the electronic group. Also, among those in the electronic reading group, level of
computer familiarity did not have a significant difference in reading comprehension scores.
Noyes et al. found that there was no significant difference in comprehension when reading from
paper compared to computer (Noyes et al. 2004). Additionally, Delgado et al. (2018) concluded
that there are lower reading comprehension scores for those that read the digital text versus the
paper text. Additionally, scrolling while reading from a digital screen has shown to be an
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influence on impaired reading comprehension (Delgado et al., 2018). Reading medium could be
impacting recall memory when reading comprehension is impacted negatively.
Our study required participants to read a passage either on paper or online. The
physiological variables measured while the participant was reading were heart rate, blood
pressure, blinking rate, and respiratory rate. Two weeks after reading they were given a ten
question quiz to assess their memory retention. We hypothesized that heart rate, mean arterial
blood pressure (MAP), and breathing rate would increase compared to baseline measurements,
while blinking rate would decrease when participants read the paper and further decrease when
reading digital forms of the passage. Additionally, we hypothesized that participants would show
greater changes from baseline measurements when reading from a cell phone verses the paper
version. We predicted that reading from an electronic device would cause a greater increase of
blood pressure, heart rate and breathing rate during reading. We also predicted participants
reading electronically to have a lower average blinking rate during reading. Further, we
hypothesized that memory retention would be higher for participants that read from paper rather
than a cell phone. While using phone screen time as a proxy for total daily screen time, we
investigated whether an increased amount of screen time moderated the physiological response,
and had a positive impact on memory retention.

Materials
Heart rate (HR), blood pressure (BP), respiration rate (RR) and blinking rate were
monitored using three devices. A respiratory transducer (Model: SS5LB, Biopac Systems,
Inc.Goleta, CA) recorded respiratory rate in breaths per minute. The respiratory transducer was
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connected to BioPac (Biopac Systems, Inc.Goleta, CA). A blood pressure cuff monitored and
collected blood pressure (BP) and heart rate (HR) (Model: BP7911T, Omron 10 series +). A
camera was used to record the participants blinks during the experiment. The screen time
application on the iPhone iOS 12 located in settings was utilized to record the weekly screen
time that the participant had engaged in on their cellular device. A passage, “The Uncertain Art“
was presented on paper or in an online portable document format (PDF) for the participants to
read. (Appendix A)

Methods
Screening and Consent (Participants)
Participants, ages 20-25, were recruited on a voluntary basis from the University of
Wisconsin- Madison. Physiological measurements were collected at the University of
Wisconsin- Madison Medical Sciences Center. Participants were also required to take an online
quiz two weeks after the initial meeting (Appendix B, Appendix C). A consent form was signed
by all participants, which described the confidentiality and the minimal risk involved.
Procedure
Prior to testing, the following equipment preparations were made. The camera was set up
at eye level and prepared to record blinks during the duration of the experiment. The testing
room was also equipped with a stand to place the participants’ phone or reading material, so the
participants’ eyes were visible to the camera. Each appointment was conducted by following a
specific timeline for every participant (Appendix C). After the consent form was signed,
participants were instructed to relax so baseline measurements could be made. The respiratory
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belt was placed on the participants sternum, the blood pressure cuff was placed on their upper
arm, and the camera started recording. Baseline measurements were made for approximately one
minute. The moment the blood pressure cuff started to inflate, which measured systolic/diastolic,
is when RR and blinks per minute were also being measured. After baseline data was recorded,
participants were randomly selected to read the passage on paper or in the PDF document on
their phone. The PDF document was available via QR code or the sharing feature of Google
Drive if participants were unable to scan the QR code. The passage was selected based on the
following criteria: length, difficulty, availability through the university library system, and
subject matter unrelated to course material. Participants were instructed to read carefully, as they
were to receive a quiz in two weeks. Once participants started reading, a timer was set. At
approximately the four minute mark from the time they started reading, BP (systolic over
diastolic), HR, RR, and blinks per minute were recorded again for one minute. After the reading
task was complete participants were instructed to notify the experimenter. Participants were told
to place the reading material face down and continue looking forward. Measurements were again
taken for one minute while recording HR, BP, RR, and blinks per minute. Equipment was
removed from the participants and the camera stopped recording. If participants were selected to
read the passage on their phone, they were instructed to delete the tab on their browser
containing the PDF.
After the experiment was concluded, participants were instructed to open the settings app
on their phones. If participants had an iPhone with iOS 12, they were prompted to report the
following screen time data: pickups per day, average screen time in minutes per day, and total
screen time per week. Participants were dismissed from the testing room and reminded to look at
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their email inbox for the quiz in the upcoming weeks. After two weeks the quiz was emailed to
the participants. The email instructed the participants to complete the quiz within 24 hours of
receival to keep the time frame consistent across participants. The quiz was constructed to test
significant details from the passage including facts, names, and definitions in context. The
multiple choice format tested memory retention, and the number of correctly answered questions
were recorded.
Data Analysis
BP and HR were taken during the 3 one minute intervals. As shown in Figure 1,
respiratory rate was measured using Biopac software. Each peak indicates one breath. Then, the
number of breaths taken by participants during each session was counted to determine RR in
breaths per minute. Blinks were counted for the 3 one minute intervals.
T-test and ANOVA tests were conducted to determine if there is a statistically significant
difference in the variance of any of the physiological responses of the participants between the
groups assigned. Various multivariate as well as bivariate analyses were performed in order to
test relationships between the independent variable and the physiological responses recorded as
well as the relationship between screen time and performance on the quiz. If p < 0.05 the results
were considered statistically significant.
Positive Controls
Three of the four physiological responses that were collected during this experiment, HR,
BP, and RR, were collected for positive control. Blinking rate was not collected for positive data
because physical exercise was not expected to increase the blinking rate. Three group members
participated in initial measurements. The baselines for each measurement were taken before
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doing jumping jacks for 1 minute. They were averaged at 60.7 ± 3.8 beats per minute (HR),
108.7/73.7 ±4.8/3.2 systolic and diastolic (BP), and 15.3 ± 0.9 breaths per minute (RR).
Measurements were taken after one minute of jumping jacks and averaged at 92.3 ± 20.9 beats
per minute (HR), 126.7/78.7 ± 2.0/8.4 systolic and diastolic (BP),and 21.7 ± 1.2 breaths per
minute (RR). These positive control measurements confirm equipment function via an increased
average heart rate, breathing rate, and systolic blood pressure after exercise was applied.
Additionally, video recording allowed us to zoom in on the eyes of the participant and
count the number of blinks. A timer was used when counting blinks per minute, and blinking rate
was verified by multiple observers.
Negative Control
The initial physiological measurement of each participant served as the negative control
to determine variance from their unique physiological “normals”. The heart rate, MAP,
respiratory rate and blinking rate were compared against the initial baseline measurements to
control for extraneous results that may hide the true variation from average. Variation is our
main observation rather than a whole average of basic physiological measurements. These
measurements also ensured that the equipment was working the way it should be.

Results
Blood Pressure
Our data indicated there was a decrease in the mean arterial pressure (MAP) from
baseline when participants read from either medium. There was no difference in the mean
change from baseline between reading from paper (-5.4 ± 1.81 mmHg) and reading from a phone
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(-5.18 ± 1.33mmHg, Table 1). As presented in Figure 2, Table 2, MAP before the reading was
88.36 ± 1.62 mmHg and decreased to 83.07 ± 1.35 mmHg (n=47, p=0.014). Additionally, there
was no significant difference in MAP values for high/low screen time groups for paper and
phone reading (n=8, p=0.97, Table 3).
Heart Rate
While reading on paper HR decreased 1.66 ±1.3 beats per minute and HR increased 2.82
± 1.18 beats per minute while reading on a phone (n=23, p=0.014, Figure 3, Table 1). Table 2
shows no difference in HR from baseline during reading in general (n=47, p=0.86). Furthermore,
high/low screen time groups that read from paper and phone also showed no difference (n=8,
p=0.16, Table 3).
Respiration Rate
Respiration rate did not change significantly from baseline for participants when reading
on either medium. Before reading was 14.57 ± 0.44 breaths per minute and during reading was
15.68 ± 0.52 breaths per minute (n=47, p=0.11, Table 2). Additionally, Table 1 and Table 3 show
there was no significant difference of the respiration rate of participants that read on paper versus
electronic media (n=23, p=0.13), and high/low screen time also did not show a difference (n=8,
p=0.55).
Blinking Rate
The data showed no significant difference in blinking rate between participants that read
on paper versus those who read on a screen (n=23, p=0.37, Table 1). Blinking rate was also not
affected by high/low screen time (n=8, p=0.83, Table 3). There was, however, a negative
difference seen in blinking rate during reading versus before existed in which blinking rate
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averages were considerably lower during reading than baseline measurements taken prior to
reading. The data showed that blinks per minute decreased from an average of 17.7 ± 1.23 blinks
per minute to 13.65 ± 1.24 blinks per minute while reading (n=47, p=0.02, Figure 4, Table 2).
Memory Retention
The data showed no significant difference in quiz scores between participants that read
on paper versus electronic media, which indicates no significant difference in memory retention
(shown in Table 1 and Table 3). Quiz scores were 5.53 ± 0.53 correct for paper and 5.28 ± 0.38
correct for the phone treatment (n=23, p=0.71). Quiz scores were not different among the
high/low screen time groups for paper and phone reading (n=8, p=0.75, Table 3).

Discussion
MAP is negatively associated with reading, in general, independent of the medium used
(p=0.014*, Table 2). This was inconsistent with the previous research by Bando et al., 2017
which concluded there was no physiological response matching stress coping while reading from
electronic media. However, our data is consistent with previous research by Gopinath el al.,
2011, where the conclusion was that blood pressure decreases when reading. The ambiguity from
previous research and our research could be grounds for further research on this topic.
In turn, heart rate was reduced when reading on paper and increased when reading on the
phone (p=0.014*, Table 1). We had predicted that heart rate would increase during reading of
both mediums in comparison to baseline measurements taken and that there would be a higher
average heart rate for participants reading electronically. However, we found that reading
medium had an effect on the heart rate of the participant and reading online simulated a response
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similar to that of stress coping whereas reading on paper had an opposite effect. Further research
is essential to not only understand the nature of reading and how it may induce parasympathetic
responses that could be the reason for decreased heart rate, but how an electronic media may do
just the opposite and activate sympathetic response.
Data collected indicated that blinking rate decreased from baseline measurements and
those taken during reading, regardless of reading medium (p=0.023*, Table 2). Our findings may
have important implications on eye health. According to Coles-Brennan et al., reduced blinking
rate and decreased completeness of blinks can cause dryness, itchiness, blurred vision, tearing
and headaches. These symptoms could also impact students’ productivity when using online
forms of learning and textbooks. Future studies could further investigate impact of electronic
reading on blinking and subsequent impact on eye health.
Memory retention was not significantly impacted by reading medium (p=0.701, Table 3).
Our results could have important implications within the field of education. Along with the shift
to online textbooks, teachers and professors are also increasing their use of online note taking.
Our data casts doubt on fears that students using electronics for learning may negatively impact
their memory of the material. One way to improve our study would be to provide an incentive for
the participants to complete the memory evaluation in order to decrease dropout rate.
Additionally, our experiment could be improved or added upon by separating memory retention
from reading comprehension. It would be beneficial to add a more objective form of measuring
memory retention rather than expecting the participants to have comprehended the entire reading
that they were later tested on in the memory evaluation. Further research on this topic could
investigate the effect of reading medium on memory retention. This could be done using new
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methods of measuring memory retention and collecting data, as well as using a larger sample
size that’s more diverse.
After our data collection the question arose as to what the significance of the “after
reading” data was. With further consideration we decided these data points were beyond the
scope of our current project. This could be addressed in future studies that looked more closely at
the recovery aspect after reading. Our data was focused on the first deviance from baseline
measurements rather than the end.
As classrooms move to more digital methods of teaching, it is important to study and
evaluate any implications that may follow shifts in curriculum such as reading textbooks via
electronic medium. While we cannot conclude impacts of reading medium on health, we can
conclude there were changes in physiological response. Our study aimed to compare not only
memory retention, but physiological response to reading on paper versus online. Physiology 435
has taught us about the specifics behind homeostasis and permitted us to question how different
external stimuli may influence this. Reading is a skill that is required in the intense courses that
physiology students enroll in and our study aimed to investigate whether one reading medium
was more beneficial to learning and health than the other. Limitations to our study include access
to a larger sample size. The more data points we have, the greater potential for generalizable
results. Additionally, expanding our sample to a more diverse group could make our results more
generalizable. Including students enrolled in different classes and also students of different ages
would be an interesting follow-up. Additional future research could investigate the mechanism
by which these physiological responses work. Once this information is understood then we could
potentially understand the impacts of these physiological changes on health. The results of our
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study can be used to demonstrate the impact of reading medium on health and can impact
decision making in the future.
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Figures and Tables

Figure 1:

Example data from the respiratory transducer (Model: SS5LB, Biopac Systems, Inc.Goleta, CA).
Peaks were counted from second 1-60 (before), 60-120 (during), 120-180 (after) to determine
respiration rate in breaths per minute.

Figure 2:

Systolic and diastolic were recorded before and after reading, from which we calculated MAP. A
T-test was performed and mean arterial pressure decreased from 88.36 ± 1.62 mmHg to 83.07 ±
1.35 mmHg during reading regardless of medium (p=.014).
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Figure 3:
Participants heart rate (HR) before the task
and during the task were record. The during
HR was subtracted from the before HR to
obtain a change in heart rate. A T-test was
performed and change in HR was lower for
the participants reading from paper (-1.66 ±
1.3 beats per minute) compared to those
reading from a phone (2.82 ±1.18 beats per
minute) (p=.014) .

Figure 4:
A video recorded participants, and blinks
were scored before and during the reading
task. Included in this figure is the mean
blinking rate before and during reading
time of all participants, regardless of
medium. A T-test determined that blinking
rate decreased from 17.7 ±1.23 to 13.65
±1.24 blinks per minute (p=.023).
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Table 1:

Mean change was determined by subtracting during reading measurements from before reading
measurements. MAP was calculated from systolic/diastolic measurements. Paper mean change
was compared to phone mean change in physiological variables and memory retention. P-values
were determined by T-test.
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Table 2:

Overall impact of reading on physiological measurements are detailed and provided. MAP was
calculated from systolic/diastolic measurements. P-values were determined by T-test.

17

Lab 301 Group 3
Table 3:

The median weekly phone screen time was determined for both the paper and phone mediums.
Low screen time was assigned to individuals falling below the median, high screen time was
assigned to individuals above the median. (Medianpaper=1591 minutes/week, Medianphone=1431
minutes/week). The mean change from baseline was then compared across groups and the
overall p-value determined by ANOVA is given. Post- Hoc analyses were also performed and
p-values>.05. MAP was calculated from systolic/diastolic measurements.
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Appendix A
NULAND, SHERWIN B. “THE UNCERTAIN ART: Grave Robbing.” The American Scholar, vol. 70, no. 2,
2001, pp. 125–128. JSTOR, www.jstor.org/stable/41213156.
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Appendix B
Quiz sent to participants 2 weeks after reading was completed, bold words indicate correct
answer.
1) What was the name of the young girl whose body was taken at the beginning of the
reading? -Mary -Ruth -Elizabeth -Sarah
2) True or false? Grave Robbing was a crime that was severely punished False
3) In the Sixteenth Century, Medical theory was based on the balance of four:
- emotions -tissues -humors -senses
4) Who wrote the first textbook based on the dissection of human bodies
-Leonardo da Vinci -Michelangelo -Sandro Botticelli -Andreas Vesalius
5) Which of the following is NOT a another name for those that stole from graves
- pilleur -grave robbers -resurrectionist -sack ‘em up men
6) True or False? Grave robbers typically removed the entire coffin False
7) True or false? Some people resorted to murder in order to obtain fresh healthy subjects
True
8) Which of the following is the notorious thief whose name became synonymous with
selling bodies for dissection? -Clow -Burke  -Hare -Docherty
9) Who was London’s most prominent surgeon from 1810-1830?
-Sir Astley Cooper -Sir William Burke -Sir Thomas More -Sir Matthew Nathan
10) As a grave robber in the 1800’s, You could expect to make how many pounds per body?
-Sixty -One Thousand -Thirty -Ten
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Appendix C
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