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ABSTRACT

The purpose of this project was to measure how distracting an under-desk exercise
machine may be for an average student while studying on a day to day basis. The primary
hypothesis was that while using the exercise equipment subjects will be able to retain more
information than when they are sedentary. Thirty students were recruited from The Pennsylvania
State University-University Park campus to participate in this study. The sample size was evenly
distributed with 15 female and 15 male participants. Participants were divided into two separate
groups where half the participants performed under desk cycling and then took a cognitive
memory assessment and the other half did not perform any cycling and then took the assessment.
Each participant was given a series of three assessments and three memory activities that
corresponded with each assessment. After doing analysis using repeated measures ANOVA, it
was determined that using the under desk cycle did not have a significant effect on cognitive
performance of subjects versus those who did not use the under desk cycle based on the
significance value of 0.05 on the 95% confidence interval. The overall average for the first
assessment was 11/15 correct and the overall average for the second assessment was 14/18
correct. The third assessment proved to be unhelpful since all participants performed equally as
well. The first assessment had a p value of 0.097 between the participants who used a bike and
did not use a bike, and the second assessment had a p value of 0.688. Both of these p values were
much greater than the significance value, proving there was no significant effect due to the
exercising. Therefore, the primary hypothesis was proved to be incorrect and there will have to
be further analysis to understand the effects of exercise on cognitive retention.
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Chapter 1
INTRODUCTION
The rise of technology over the last twenty has brought significant changes to the
dynamic of classrooms and work environments for students of all ages. Students in secondary
education especially rely on technology more increasingly so to take notes, study, and get work
done both in and out of the classroom. A study in 2002 found 86% percent of college students
were online and a later study in 2010 found 90% of college students are now using online course
management systems (Jones,2002, Huffman et al, 2012). Today in 2017, there is most likely not
a single student who hasn’t used a computer for an assignment. However, this increase in the use
of technology has led to a few adverse effects on students’ health. Students are not able to devote
as much time to self care and exercise. According to a study done at the California State
University, only 35% of students have regularly scheduled time for exercise (Silliman et al,
2004). Similar statistics have been recorded for full time working adults, therefore many work
places have started adopting alternative work stations for their employees. This includes standing
desk, treadmill desks, under desk elliptical machines and more. However, there has not been a
push for students to also start adopting these workstations.
There has been limited research on how machines such as those used in the workplace
could benefit students who are dealing with the same issues. This project aims to explore how
using under desk exercise equipment could allow students to be physically active while still
maintaining the same level of academic excellence in their work.
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Previous studies have already showed that exercise equipment such as an under desk
cycling machine does help with increasing energy expenditure by 50-100% as compared to
working without the exercise equipment (Cho et al, 2014) . These studies also showed that
although reading performance was not significantly impacted negatively the performance on
typing tasks was effected negatively. In this study the focus will be centered around memory
rather than physical tasks in order to understand how a student studying for a class will be
impacted by using such a device. Since there is a high correlation between exercise and academic
performance the predicted outcome is that students will actually perform better with the use of
the desk cycle.
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Chapter 2
BACKGROUND
This section reviews information on different types of memory that are examined when
looking at the human brain since these memory types are the basis of understanding the results
that are presented later on in the study. The section also goes over different types of exercise
machines and what cognitive tests may entail.

2.1 Overview of Different Types of Memory

The human brain consists of two main types of memory; long term and short-term
memory. The main difference between these two types of memories is capacity and duration.
Figure 1 shows a very basic process of memory retention. Information comes in and if it is not
attended then it is forgotten, otherwise it moves on to short term memory. Once it moves into
short term memory it has a given time span to be coded into storage for long term memory. The
short term memory does not have as much capacity as long term memory, therefore any
information that is not immediately coded is forgotten. There are other models of memory
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transfer and storage, but for the basis of this study we are assuming the following model (State,
n.d).

2.1.1 Associative Memory

Associative memory is defined as the ability to learn and remember the relationship
between unrelated items. When you first receive sensory memory that information goes through
the short term memory coding process. This allows that memory to be stored into long term
memory. This type of memory is actually called declarative memory. In associative memory, the
temporal lobe, a part of your brain uses recall and declarative memory to extract information
such as the name of the person you met at your local coffee shop or the mall (Suzuki, 2005).
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Figure 1: Flow Diagram for Short term and Long term Memory (State, n.d)

2.1.2 Memory Span

Memory span by definition is the amount of information a person can remember through
their short term memory. On average, humans have the ability to retain information in their short
term memory for 18 to 20 seconds. The amount of information is usually limited to 7 objects
(Visual Group,2013). However, this can differ between individuals. Memory span can refer to
either auditory or visual recalling. This can mean trying to recall numbers that were given to you
either through speech or on a piece of paper.
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2.1.3 Visual Memory

Visual memory is related to associative memory since humans can use visual cues to
relate two things to each other. However, the two types of memory are processed differently.
Visual memory is processed through the visual system specifically, similar to how an auditory or
olfactory memory is specifically processed through their respective systems. In the process
described earlier one of the sensory memory paths is the visuo-spatial sketchpad which connects
directly to the short-term memory as seen in Figure 2. The brain likes to store information in
images, which is why the visual memory is a very effective form of memory. When children are
learning how to read and write, they utilize their visual memory to learn the letters of the
alphabet (Magnussen, 2001).
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Figure 2: Visuo-Spatial Skechpad connection to Short Term Memory (Visual Group, 2013)

2.2 Under Desk Exercise Machines

Under desk exercise machines have gained a significant amount of popularity over the
last ten years. After the introduction of computers in the workplace, employees quickly went
from spending eight hours a day interacting with other members of the office to spending their
days in front of their screens. This brought forward the issue of sedentary behavior in the office
and its negative health effects. The health and nutrition industry started working toward a
solution to this issue which resulted in under desk exercise machines. Under desk exercise
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machines include equipment such as under desk cycling equipment, under desk elliptical
machines, treadmill desks, and several other products as can be seen in Table 1.

Table 1: Common Types of Under Desk Exercise Machines

Under Desk Exercise Equipment
Under Desk Cycling

Example of Machine

9

Under Desk Elliptical

2.3 Cognitive Tests

Cognitive tests allow researchers to examine the mental effects and performance of
human subjects as relating to different studies. Cognitive tests can range from memory tests to
speed and accuracy tests. Each test having its own set of criteria and use in the research world.
These tests can be visual, oral, or auditory based on the study that is taking place. The Manual
For Kit of Factor-Referenced Cognitive Tests book is famous for its standardized tests. A group
of four investigators developed several tests in 1976 in order to outline the different streams of
cognitive testing. These tests were revised several times and tested on school age children to
understand the effectiveness of each test.
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2.4 How exercise effects the brain

Exercise has several known physical benefits, however many of these benefits happen to
translate into cognitive benefits as well. Studies have shown that students who participate in
some type of physical exercise regularly are more likely to succeed in school. This can be traced
to the behavior that athletes must develop such as having a strict routine, setting goals and
targets, performing consistently, working with others to progress, and training regularly in order
to maintain their performance. These behaviors translate into better practices for academic
performance as well.
An article written by the Harvard Medical School pointed out that exercise improves
memory in both direct and indirect methods. Directly, exercise is able to reduce insulin
resistance, reduce inflammation, and stimulate the release of growth factors. Growth factors are
defined as chemicals in the brain that help regulate the health and growth of brain cells and can
also help with the growth of blood vessels. Indirectly, exercise helps with factors such as mood,
sleep, stress and anxiety. This can overall help with positive brain functions. Dr.Scott McGinnis,
from Brigham and Women’s Hospital also noted that exercising over an extended period of time
has actually shown to increase the volume of selected parts of the brain versus those who don’t
exercise (Godman,2014).
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Chapter 3
METHODS
This section presents the parameters and procedures of this experiment. The section
details the experiment parameters discuss the participants and the recruitment parameters as well
as the set up. The procedure explains the differences between the bike and no bike trials. For the
assessment parameters, the chapter explains the differences in the assessments and how they
were set up.

3.1 Experiment Parameters

The design of this experiment focused on equal gender distribution, a targeted audience
in terms of profession and age, and physical ability. These parameters allowed the study to have
less variance overall.

3.1.1 Participants

There were thirty total participants in the study. There were fifteen male participants and
fifteen female participants. Participants were between the ages of 18-25 in order to maintain the
average age of a college student. Participants were chosen on the basis that they had no medical
conditions that would put them at risk if they were asked to do low level exercise. There were no
pregnant subjects allowed in the study due to the potential risks given the exercise portion of the
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study. Candidates who smoked or had smoked in the last six months were also not included due
to safety precautions. Candidates who were currently serving in the military were not allowed to
participate. The ideal candidate had experience working with exercise equipment. The subjects
were allowed to withdraw from the experiment at any given time if they felt uncomfortable with
any of the procedures.
There were several different types of recruitment materials used in order to collect
subjects for this study including fliers, department recruitment emails, class announcements, and
word of mouth through fellow classmates and professors. Each form of recruitment had a
specific script accompanying it to ensure interested candidates had the correct information. The
candidates were instructed to email the principal investigator (Apoorva Mathur) in order to
receive the link for the online screening form.

3.1.2 Screening process

The screening process used for this experiment was a series of questions on an online
survey form (surveymonkey), shown in Figure 3. If the candidates that applied qualified based
on the answers they gave, they were sent an acceptance email. The email detailed the process
moving forward if the selected candidates chose to accept. If the candidates did not qualify they
were sent a rejection email that included that their information would not be stored or used from
that point onwards.
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3.1.3 Consents

Once candidates arrived at the testing location, they were given a consent form detailing
the actions they would be taking part in and the possible safety effects accompanying the study.
The consent form was accompanied with a reiteration that the participant would only be taking
part in either the exercise or non-exercise procedure, not both. This consent form was approved
by the Institutional Review Board at Penn State. It gave participants points of contact if they had
any questions or concerns regarding the study. If they agreed to the conditions of the experiment
and the possible consequences, they signed off on the consent and were able to proceed with the
experiment.
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Figure 3: Screening Questionnaire

15
3.1.4 Sample size determination

A minimum of thirty participants (15 female and 15 male) performed the laboratory
study. There were three main assessments each testing a different memory type. Half the
participants were required to perform under desk cycling while doing the activity, and then took
the assessment afterward. The other half of the participants did not perform under desk cycling
while doing the activity and then took the assessment afterward. The under desk cycling
consisted of a low intensity (17.3 W) pedaling.
A total of three sessions (3 activities and assessments: Associative memory test, memory
span test, and a visual memory test) were recorded with each at 10 minutes. All three sessions
were randomized.
The study was conducted in room 236A in Leonhard building in the Department of
Industrial and Manufacturing Engineering at Penn State, which is equipped with a simulated
office setting, and under desk bike (DeskCycle, 3D Innovations LLC., Greeley, CO, USA).
Participants required a single visit of approximately 1.5 hours. The PI (Apoorva Mathur) was
always present in the room during the duration of the experiment. Participants worked on their
activity during the 10 minutes of exercise at the low intensity speed. The participant filled out a
survey at the end of each session rating how they felt about the exercise intensity. The two
different procedures are outlined in Section 3.2. The procedures are exactly the same, other than
that in one procedure participants were cycling and in the other they were not cycling.
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3.2 Procedures

3.2.1 Procedure with the cycling:

Step 1. An introduction was given to the participants and they were allowed to ask
questions about the experiment. Consent was obtained prior to continuation to the
following steps.
Step 2. Introduced the office setting and desk bike equipment.
Step 3. Had the participant practice pedaling at the desired intensity.
Step 4. The participant was asked to start the first memory activity, cycling for 10
minutes.
Step 5. The participant was given an assessment based on the activity and had 10 minutes
to complete the assessment.
Step 6. The participant got 5 minutes to cool down before starting the next activity.
Step 7. Steps 4-6 were then repeated two more times for the next 2 assessments.
The three sessions (3 assessments) were randomized. The participant filled out a rating of
perceived performance after each session and a 5-minute rest was given.
Step 8. Participants were debriefed, paid and released.

3.2.2 Procedure without the cycling:

Step 1. An introduction was given to the participants and they were allowed to ask
questions about the experiment. Consent was obtained prior to continuation to the
following steps.
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Step 2. Introduced the office setting
Step 3. The participant was asked to start the first memory activity.
Step 4. The participant was given an assessment based on the activity and had 10 minutes
to complete the assessment.
Step 5. The participant got 5 minutes to cool down before starting the next activity.
Step 6. Steps 4-6 were then repeated two more times for the next 2 assessments.
The three sessions (3 assessments) were randomized. The participant filled out a rating of
perceived performance after each session and a 5-minute rest was given.
Step 7. Participants were debriefed, paid and released.
The duration of the experiment for each participant was approximately 1.5 hours. This applied to
both types of participants (those who were cycling and those who were not cycling).

3.3 Assessment Parameters

3.3.1 Duration/Type of Exercise

The duration of the exercise was three ten minutes cycles of bicycle cycling. The cycling
had users utilize their lower muscles, such as the quadriceps and hamstrings. The exercise was
not meant to be strenuous. The speed they were cycling at was a low intensity setting just enough
to get their body moving. The speed was meant to be a speed that would be appropriate for a
student to use if they were using this machine at home while working or studying.
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3.3.2 Type of Tests

The tests are focused on measuring the performance of students in regards with memory.
The memory tests are separated into three separate categories: associative, memory span, and
visual memory. The memory span test was a first and last names test. This test is set up to show a
list of names that subjects study for 4 minutes. Then for the next 5 minutes they are asked to fill
in the last name of each of the names. The associative memory test was a picture number test. In
this assessment, subjects were asked to study a sheet that assigned each picture to a specific
number for 4 minutes. Then for the next 5 minutes, the subjects were asked to fill in the number
associated with each picture. The visual memory test there was a map memory test. The map
memory test had subjects look at several different maps for 4 minutes and then look at another
sheet of maps and asked to recognize which maps were shown on the previous sheet. There were
more four maps shown on the first sheet and six on the second.

3.3.3 Control parameter

The control parameter was the participants who did not use the under desk bike. These
participants were representative of college students who do work in normal settings at home or
other spots around their college campus. These participants were given a basic office chair and
desk also reflecting the work environment of a normal college student.
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3.3.4 Experiment Set up and Execution:

The room the experiment was held in is a commonly used area for human based testing
in the human factors and ergonomics lab. It is an office space with a few desks and some storage
containers. There are also two adjoining rooms that can be closed off that also contain desks and
desk chairs. There was plenty of lighting in the room to ensure participants would not have
trouble reading or writing during the assessments. There was an adjustable desk on wheels,
accompanied with a stationary chair and the desk bike was placed under the desk (Figures 4,5,
and 6). Participants could adjust the desk according to height by either moving it up or down or
moving it forwards or backwards. They could also adjust the chair by moving it closer or further
from the desk or desk bike. The session was only started after the participant had adjusted the
desk environment to their needs.
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Figure 4: Experiment Setup
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Figure 5: Side View of Desk Cycle

Figure 6: Top View of Desk Cycle
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Chapter 4
RESULTS AND DISCUSSION
This section presents and discusses the collected data from the experimental trial. It also
addresses the analytical methods used to understand the data and how it was concluded that
certain features of the study proved to be more critical than others. The end of the section will
provide further measures that can be taken to examine this topic more thoroughly.

4.1 Control Experiment Results

The control experiment focused on subjects that did not use the under-desk bike during
their testing cycle. There were eight females and eight males that underwent the control
parameters. The overall average for the control group on the First and Last Names Test was 11
Names correctly matched. The overall average for the Picture Number Test was 14 Pictures
correctly matched. The Map Test proved to be equal across the board as can be seen in Table 2.
Table 2:Control Group Results
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4.2 Test Group Results

The test group focused on subjects that did use the under-desk bike during their testing
cycle. There were eight females and seven males that underwent the testing conditions. The
overall average for the test group on the First and Last Names Test was 11 Names correctly
matched. The overall average for the Picture Number Test was 16 Pictures correctly matched.
The Map Test proved to be equal across the board as can be seen in Table 3.
Table 3: Test Group Results

4.3 Overall Data Observations

The data proved that the Map Test which focused on visual memory was not a conclusive
tool in helping to differentiate the effects of the use of the under-desk bike. All but one subject
scored a 4/4 on the map test. There was no difference in the average of the first and last names
test between two trials either, both averages equaled 11 correct matches. There was a difference
in the picture number test results, with the control group being at 14 and the test group at 16
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correct matches. The mean of the subjects who used the bike was higher than those who had not
used the bike. However, it is hard to determine whether either of these conclusions is significant
just by observation, therefore One-Way ANOVA regression analysis was performed on both sets
of data to confirm or reject the conclusions made here.

4.4 One Way ANOVA Picture Number Test

All of the data was analyzed using One-way ANOVA tables, using a 95% confidence
interval as the significance level needed to null the hypothesis. As long as the p value was lower
than 0.05 than this proved there was a statistically significant difference between the two means
being compared.
The first set of data analyzed was the Picture Number Test values. There were four
different ANOVA trials run examining the difference between the use of the under-desk bike and
no bike, Female Subjects vs, Male Subjects, Female Control vs Male Control Subjects, and
Female Test vs. Male Test subjects. The only significant P value within these four categories was
the Female vs Male Subjects, which was 0.033. This indicates that there was a statistically
significant difference in the performance of the male and female subjects. In order to further
understand where this difference was more prominent, the control and test groups are examined.
The Female Control vs. Male Control was very close to the 0.05, at 0.054, showing that the
control section is where the difference was more significant, since the test group had a P Value
of 0.332, which is much further away from the p of 0.05 as can be seen in Table 4.
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Table 4: P Values for Picture Number Test

Data Samples Being Compared: Picture Test

P Value

Bike vs No Bike

0.097

Female Control vs Male Control

0.054

Female Test vs Male Test

0.332

Female vs. Male

0.033

4.5 Boxplot Analysis of Picture Number Test

After looking at the P Values of each ANOVA analysis, a boxplot was generated to
understand which group proved to be more successful in the case of statistically significant
measures. Since the P Value for Female versus Male was the only statistically significant
measure, at 0.033, the boxplot shows in Figure 7, highlighted that the mean of the females’
participants at 16.5 was much higher than the male participants at 12.5.

Figure 7: Boxplot of Female vs. Male Picture Number Results
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The boxplots of the test and control groups gave more insight on which group of females
was more successful. The boxplot of the control group shows that not only is the mean for the
females much higher, but the interquartile range for the females at 4.5, is also much smaller than
that of the male control group at 10. That means there is less variance in their performance
overall.

Figure 8: Boxplot of Female vs. Male Control Group Picture Number Results

Figure 9: Boxplot of Female vs. Male Test Group Picture Number Results
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After understanding the values determined from the ANOVA p value analysis, the focus
shifted to the differences between the test and control groups. There was not a statistically
significant difference with the p-value at 0.097, signifying that using the bike did not have a
significant impact on the test group. However, there was a slight difference in the means which is
still valuable to examine, the bike mean was at 13 while the non-bike mean was at 16. As can be
seen in Figures 8 and 9, the mean of both the female and male groups was higher in the test
experiment than in the control experiment. Female control was at 15.75 versus 17 for the test
group. Male control was at 11.5 versus 15 for the test group. It is also important to note that there
is much less variance in the test group than there is in the control group. This is a key
observation since this can give us more insight of how using an exercise machine may allow for
more consistently good results. Not using the bike may allow for sporadically excellent results
but can also lead to extremely poor results.

Figure 10: Boxplot of Biking vs No Biking Picture Number Test
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4.6 One Way ANOVA First and Last Names Test

All of the data was analyzed using One-way ANOVA tables, using a 95% confidence
interval as the significance level needed to null the hypothesis. As long as the p value was lower
than 0.05 than this proved there was a statistically significant difference between the two means
being compared.
The second set of data analyzed was the First and Last Names Test values. There were
four different ANOVA trials run examining the difference between the use of the under-desk
bike and no bike, Female Subjects vs, Male Subjects, Female Control vs Male Control Subjects,
and Female Test vs. Male Test subjects. The only significant P value within these four categories
was the Female Test vs Male Test Subjects at 0.042. This indicates that there was a statistically
significant difference in the performance of the male and female test subjects. This is interesting
because the female versus male control subjects and the overall female versus male test both had
high p values at 0.718 and 0.367 respectively as can be seen in Table 5. This shows that there is
some effect of using the bike during this specific experiment.
Table 5: P-Values of Names Test

Data Samples Being Compared: Names Test

P Value

Bike vs No Bike

0.688

Female Control vs Male Control

0.718

Female Test vs Male Test

0.042

Female vs. Male

0.367
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4.5 Boxplot Analysis of Picture Number Test

After looking at the P Values of each ANOVA analysis, a boxplot was generated to
understand which group proved to be more successful in the case of statistically significant
measures. Since the P Value for Female versus Male Test Subjects was the only statistically
significant measure, at 0.042, the boxplot shows in Figure 11, highlighted that the mean of the
male participants was much higher at 13 matches, than the female participants at 9.8 matches.
There was also much less variance overall in the male group than there was in the female group,
the IQR for the males was only 2 while for the females it was 9.5. This shows that bike was
much more effective for the male participants than it was for the female participants. It allowed
the male participants to perform much better overall.

Figure 11: Boxplot of Female vs. Male Test Group Names Test Results

Without the bike, the female participants performed better overall than the male
participants. This may be due to the fact that many female participants commented that the bike
was more distracting during this exercise than the other two. It could be that for women it is
more difficult to have a more successful memory span when they are being distracted with
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background noise or movement. However, there wasn’t a major difference between the means of
control women and test women, at 11.25 versus 9.8 matches. Both groups performed about the
same, there was just much less variance in the control group, the variance went down to 6.7 from
9.5. The opposite was true for the male group, the variance went up to 6.3 from 2.

Figure 12: Boxplot of Female vs. Male Control Group Names Test Results

Looking further at the overall male versus female results, it is evident that men overall
performed better than women on the test. They also continued to have less variance among the
subjects that the female subjects did. This can point more to the type of memory that this test was
assessing. It may be that men are more proficient in memory span than women.
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Figure 13: Boxplot of Female vs. Male Names Test Results

It is interesting to note that although there were minor and significant differences
between the control and test group among male and female, there was almost no difference
between the overall control and test groups. This test provided more information on how there
are more significant differences in the types of memory than there being a significant impact
from the bike itself.

Figure 14: Boxplot of Biking vs No Biking Names Test Results
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4.6 Comparison of the Tests

After finishing the analysis of all three tests, the results of the three tests were compared
against each other to see differences in performance between the tests. Many of these differences
highlighted differences in gender performance more than anything else. The picture number test
showed that there were more significant differences between male and female performance than
there were between the bike and no bike comparison. This shows that there may be a correlation
between associative memory and gender. In the First and Last Names test men seemed to do
better than women when it came to memory span. The difference between these two tests shows
that in this study women performed better in relation to the associative memory exercise, and
men performed better in the memory span exercise. Additional comments from participants also
supported the idea that men felt that the first and last names test was easier than the picture
number test and vice versa.

4.7 Future work and implications

4.7.1 Difference Between Gender

This topic was something that was not included in the hypothesis of this study because
the main focus of this study was between exercisers and non-exercisers. However, after the
statistical analysis of the results, there were significant indications that gender did have a big role
in how well the participants performed. This is definitely a subject that would need to be
researched and considered more when doing a study like this again.
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4.7.2 Associative Memory

In this study, three types of memory were examined, Associative Memory, Memory
Span, and Visual Memory. Memory Span and Visual Memory did not have any significant
differences when it came to exercising versus not exercising. The only element that had any
significant difference was associative memory, therefore the next trial of this experiment should
focus on doing several tests pertaining to associative memory specifically. This would help us
understand if this type of memory is really impacted by physical exercise and if so what
implications does that have on the type of tasks students should perform while exercising?

4.7.3 Experiment Parameters

This study focused on thirty participants, 15 male and 15 females. This was primarily due
to the amount of time allowed for this study. For a follow up trial, a larger group of participants
around 50 or more people, would allow for an even better analysis of the effects of exercise. A
larger group of people may also make it easier how significant the differences in gender are to
this study.
Another parameter that should be changed is the period of time that this experiment
should be conducted over. This study was a one time, one-hour session. It would be interesting to
see how a participant would evolve if they were asked to take an initial test with the bike and
then asked to use the bike over a week or month while working and then asked to take the test
again to see how their performance changes. This would allow us to examine the long-term
effects of exercise on cognitive performance.
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Chapter 5
CONCLUSION
This study examined the effects that under desk exercising would have on the cognitive
performance of college students. Three tests were used to assess their performance, each serving
a different purpose. These tests focused on associative memory, memory span, and visual
memory. Thirty students, 15 male and 15 females, were split into two groups, one being the
control group, using no exercise machine, and the other the test group, using the under-desk bike.
These students spent approximately 10 minutes on each exercise. The final results and analysis
indicated that there was no significant difference between the performance of the exercising
students and the non-exercising students. Further research on gender differences and types of
memories effected would help give a clearer understanding of the overall effects that exercise
has on cognitive performance.
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Appendix A
Cognitive Tests
First and Last Names Test

Barbara Edwards
Eloise James
Kenneth Dunn
John Carr
Jean Haggerty
Jack Morrissey
Daniel Shannon
Donald Falcone
Roger Walters
Irene Newman
Stella Murray
Claire Thomas
Carl McCollom
Edith Buss
Joseph Knott

36

___________

Newman

___________

Morrissey

___________

Knott

___________

Thomas

___________

Edwards

___________

Haggerty

___________

Murray

___________

Buss

___________

James

___________

Falcone

___________

McCollom

___________

Walters

___________

Carr

___________

Shannon

___________

Dunn
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Map Memory Test
Four maps you have to memorize, then you have to pick those four out of 6 maps on the next
page
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Picture Number Test

4
47
89
32
24
90

9
58
77
97
28
49

17
23
72
63
68
53
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Appendix B
Acceptance and Rejection Email

Acceptance email
Hello,
Congratulations! You have been accepted to participate in the Cognitive Retention Research
Study. Based on your answers to the screening questions you are an eligible candidate, and we would like
to invite you to sign up for a time to participate. Please refer to the link below to sign up for a time that
works for you. Please remember this study will take approximately 1.5 hours to finish. We would also
appreciate if you followed the following guidelines:
To avoid any delays, please arrive at least 10 minutes prior to your appointment time, we will be going
through consent information before you can officially take part in this study.

You have been selected for the (exercise/nonexercise) portion of the study so feel free to wear
more comfortable clothing based on your selection.
Thank you and see you soon!
Apoorva
Rejection Email
Hello,
I am sorry to inform you that you have not been accepted to participate in the Cognitive Retention
Research Study. Based on your answers to the screening questions you are not an eligible candidate. We
appreciate your time in filling out our form and taking an interest in our study. All of your information
will not be stored or maintained from this point on.
Thank you and have a nice day!
Apoorva
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