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This paper explores the effects of personalized and optimized universal settings on memory recall. To compare a user’s personal
preference with standardized “best” settings gathered from previous testing, a prototype to present and test visual (text) recall with
customization features was created and presented to a variety of subjects. Features whose impact was tested include: background color,
text color, text size, text boldness, text italics, and background music. Testing efficacy was computed based on recall accuracy and
speed. Additionally, a correlative value was drawn between the overlap of the user’s preferential and previously tested “best” settings.
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1 INTRODUCTION

Memory is the basis of understanding, knowledge, and learning. Thus, preserving and improving it is of the utmost
importance. This article will discuss how memorization can be optimized alongside the comparative difference between
personalized and optimized settings as previously documented, focusing on characterizing human memory using
small-scale controlled experiments [34], for memory recall test retention, accuracy, and speed.

Memory tests have proven an effective technique for increasing recall and retention both immediately following
as well as extended periods after the test has been taken [16]. Many tests have been conducted attempting to isolate
and optimize certain settings within textual recall such as the font color red being recalled more quickly than black
or blue [19] This article seeks to determine whether individual preference in customizable settings outweighs (and
outperforms) these results.
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2 Trovato and Tobin, et al.

2 RELATEDWORKS

Many different studies have been conducted on the improving memory recall [3, 18, 22];however, the subject is far too
broad to discuss in a single article. Instead, related articles tend to focus on enhancing specific features within memory
testing to produce the best results for a general audience in terms of recollection of terms presented. Two main methods
are used to alter the memory recall test: direct alteration of the exam and application of external forces. Within these
constraints, some optimization for recall settings emerge.

Adding Virtual Reality to this mix reveals a subsection of memory recall testing that has just scratched the surface,
allowing us to adapt various methods to this new form of testing.

2.1 Direct Alteration

One method commonly used to test memory recall is to directly alter the presentation or viewing experience for the
subjects. This is achieved by adjusting items such as font type, font size, font color, and background color. Various
combinations of all these attributes have been studied to find the most effective combination within each category.

As previously mentioned in the study by Khan, the color red may improve recall speed over less vibrant colors such
as black or blue [19]. The researchers also found that using colored paper, such as yellow, over plain white paper in
addition to the red colored font added to the recall speed of their subjects. Another way of improving the recall of
subjects was to alter the font size. One study found that there was statistical significance when the font size had been
reduced [13], whereas another found that font size made no difference over its three different experiments [26].

In other studies, researchers investigated the connection between font style and memory retention to facilitate
learning and retrieval of new information [40]. One study [36] concluded that although font size does not influence
memory recall, words printed in a bigger 48-point font are perceived as being more remembered than words printed
in a smaller 18-point font. Other studies [37, 38] examined the effect of serif and sans-serif typefaces on memory
performance through a series of tests. Serif typefaces, such as Times New Roman, have extra strokes at the edges of
letters. Sans-serif typefaces then are fonts without these extra strokes, like Calibri. The results demonstrated that serif
typefaces performed better in memory recall and recognition tests than sans-serif fonts. This observation relates to
other studies that aimed to tackle the easiest font for dyslexic users, resulting in the same conclusion that serif fonts are
better [1]. This is due to the fact that each letter is unique in its presentation and easy to distinguish; however, other
studies [4] suggest that other appearance-related elements, such as importance [8] or context of letters, could influence
recollection more strongly than direct alteration.

All of this work on optimizing various parts of the viewing experience of the memory recall test has led us to create
what is theoretically the most optimized testing experience for memory recall. Incorporating all of these elements
together allowed us to create the optimized viewing settings; red serif font with a yellow background. Using classic
Times New Roman, and a medium font size since the evidence there was inconclusive.

2.2 External Forces

So far, the works presented have aimed to manipulate the way the memory recall test is presented to the subject, but
there are many other external forces that can impact the subject’s ability to recall information. One study used music,
or lack thereof, to give the subjects a cue that they should recall a set of words [2]. They found that playing the same
music greatly improved short-term memory recall, but its effects got weaker as time went on. The type of music we
listen to can also have a large impact on our ability to retain.
Manuscript submitted to ACM
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Testing Effects of Personalized Settings on Memory Recall Through Flashcard Retention Testing 3

In one experiment, participants were asked to retain information while listening to both positive and negative music
[17]. They found that positive music had a substantial increase in short-term retention, while negative music was more
reliable for retaining information over time. However, the terms ’positive’ and ’negative’ for music were too abstract
for our experiment. In another, participants’ brainwaves were altered by music, with alpha and beta waves increasing
and decreasing respectively [24]. This study aimed to prove that a person is more likely to have an alpha state of
consciousness and improve his/her capacity for memory retention if they listen to relaxing music. Adding music to our
experiment was important as it showed to have improved short-term recall. We offered subjects a choice of three genres
of music: classical, lofi, or no music at all [7]. This allows the subject to pick a genre they prefer while also getting the
benefit of increased retention rates.

People often assume that people recall information better by ‘learning by doing’ vs ‘learning by viewing’, but a study
by Steffens found that there is no significant difference in memory recall of individuals who are writing words down
to remember them rather than just looking at them [33]. Some research has gone to the extent of trying to blur the
subject’s vision to see if it forces them to focus more on their work and retain information better [31]. Despite this
attempt, blurring did not have any significant improvement in the subject’s memory recall. In a similar way, multiple
studies have found that increasing the dis-fluency by alteration of font or addition of complexity via the generation
effect may yield better recollection.[31]. The generation effect is an effect that causes subjects to generate information
within their own mind rather than just reading from a paper. Using disfluency to alter and change the font size and
color requires subjects to create a cohesive understanding in their mind, as opposed to the messy and disordered one
on the paper. These two methods are both aimed at utilizing something known as the desirable difficulty effect [27],
which attempts to make subjects put in more effort at the benefit of a higher likelihood of success.

The study presented here differs in many ways from all works presented. Our aim is not to see if any one piece
presented here improves recall, as we have already seen that they do.

2.3 Virtual Reality

Virtual Reality (VR) provides the opportunity to directly alter the external forces and environment the user is presented
and suggests that VR provides a viable medium for measuring learning and memory [25] [29]. We developed a virtual
reality experience that we believe can help (or hinder) memory recall based on the customizable parameters, using
virtual cards to test the user and generating a virtual environment, presenting users with virtual stimulus around them
[15] [21]. A study conducted in virtual reality sought out to test the idea of external stimuli being an engaging way for
learning [30]. Their goal was to teach individuals how to drive a car in a simulated city. The experiment described here
differs in many ways to our own. Unfortunately, the study failed to test all individuals on whether or not they have
driven a car or had any experience in virtual reality, both of which could alter the outcome of the experiment drastically.

Using technology to our advantage for memory recall has become the norm within our society, using applications
such as Microsoft Word and Excel to easily store and send data to one another. When we look at note taking, how would
virtual reality differ to these 2d desktop applications? One study found that there is significant benefit to using virtual
reality for note keeping and information management [11]. The main idea they believe is causing this is experience
and grandiose nature of being in virtual reality. This study helped us form our own virtual world, where we wanted a
simple, beautiful scene that participants would find both enjoyable and soothing.

Potential issues with memory recall in virtual words is explored in a study relating to an effect known as context-
dependency. The study allowed individuals to learn information in a virtual world, and tested them both in and out of
VR to see if there was any significant differences in their memory [20, 32]. In changing the test from virtual to real
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4 Trovato and Tobin, et al.

world they saw a significant decline in participant’s results, believing that their knowledge was tied to the context
of Virtual Reality. Our experiment only tests user in virtual reality, and doesn’t have the option to come back and be
tested again 24 hours after so we are able to avoid context-dependency entirely.

3 METHODOLOGY

First a prototype memory testing software was built to facilitate customization of distinctive features using Unity.
Within this prototype upon startup an interface allowing users to input their preferred settings [28] will be used to
collect data on the user’s preferred settings. After starting, the user will be given a brief description of the study before
the test commences. The test is formed from a memory recall evaluation consisting of 3 sets of 10-15 words and their
definitions. Each set of words will be presented one at a time and the order within each set will be randomized between
tests; a visualisation of this is shown in figure number 1. The word font, position, size, and color alongside the time
each word and its definition is present on the screen will be based on user input for Set 1. For Set 2. An amalgamation
of user preferences and optimized settings will be used. For Set 3, optimized settings based on previous research will be
used. Set 1, 2 and 3 will in essence serve to answer the questions 3.1 and 3.2 from Problem Formulation. These changes
in features will be our independent variables designed to evoke change in the dependent variables mentioned later.

Fig. 1. The sequence of the words within each set will be randomized across tests, and each set will be shown one at a time.

The order in which sets 1,2,3 is shown will be randomized to ensure a valid correlation outside of increased
performance over time. Once the words from a single set have been shown and looked over by the user, they will be
tested on 2 separate features: Correct identification of definition based on a word, and time necessary to recall for each
feature. These are our dependent (measured) variables. Additionally, after the Nth set is completed and the user has
been tested on it, they will also be subjected to a recall test for the N-1th set. Since there is no N+1th set to retest the Nth
set in order to stimulate working memory and visual imagery [14], a dummy set with different settings will be displayed
but not tested for the final set. Once completed, results will be calculated to determine whether preferential, mixed,
or optimized settings outperform each other. Additionally, as the time allotted to each card may make a substantial
difference a penalty coefficient may be implemented to reduce the score for tests in which a high allotted time per card
is used. Finally a correlative value can be calculated between the user chosen features, the ones they performed best on,
and the optimized features.

3.1 Participants

In this study, we recruited 16 participants consisting of 13 males and 3 females who were friends and family members
of the researchers. The participants’ age distribution in this research was as follows: 12 individuals were aged between
18 and 24, 2 participants were over the age of 50, and 2 participants were in the 25–35 age range. This age distribution
offers important details regarding the study’s data collection. A large majority of the participants were between the
ages of 18 and 24, suggesting that the outcomes of the study are likely more characteristic of this age group. Studies
have shown that in terms of both the quantity of correct answers and the amount of time, younger adults often do
Manuscript submitted to ACM
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Testing Effects of Personalized Settings on Memory Recall Through Flashcard Retention Testing 5

better when recalling words [5]. But the study also benefits from having individuals between the ages of 25 and 35 and
those greater than 50. It allows for the inclusion of a larger range of perspectives and experiences in the data and may
be able to demonstrate memory deterioration as people age [9].

Regarding education, the participants came from a variety of academic fields, including engineering, computer
science, computer information systems, communication, construction management, and finance. This intentionally
diverse group of participants was chosen since the study’s within-subject design was aimed to assess performance
across various contexts. Adults’ vocabulary sizes and structures are likely to vary greatly due to variances in education,
interests, and skills [23] [6]. The outcomes of the study could be generalized to a wider variety of individuals thanks to
this approach, which made sure they weren’t restricted to a particular area of expertise [10].

Fig. 2. A participant wearing a virtual reality headset while engaging in the experimental task.

Various methods were used to gather our participants. The most common way individuals were gathered was via
word-of-mouth methods such as calls or text; asking friends and family members to participate in our experiment seen
in figure number 2. Since our experiment is within-subject, we aimed for a high variety in our subject pool, as opposed
to just having everyone participating be a computer science student at the university. This prevents any consistent
external or preexisting knowledge from affecting the results of the experiment.

3.2 Experiment Design

This experiment was conducted with a sole focus on within-subject design. There are four sets of 12 terms consisting of
two parts: questions and definitions. Since participants are meant to be tested on each of the three different types of
settings a within subject design allows for a performance evaluation on an individual basis. The total parameters of the
experiment are as follows: subject number, selected memorization settings, total elapsed time per test, and total number
of correct responses. Within the memorization settings the adjustable values are as follows: font, color, background
color, font size, choice of music and font style (i.e. italicized, bold, default) and music preference. The measured effects of
this experiment were selected as total elapsed time per test and total number of correct responses per participant. The
experimental variables on the other hand include the subset of adjustable values as well as the broader memorization
settings.

Each experiment is split into four sections each representing a word set of 12 questions and definitions. Each section
is composed of two modes: training and testing. The training mode of each section presents first a question and then a
definition from the respective set to the participant as a flashcard at intervals of 3s per term 7s per definition. Once all
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6 Trovato and Tobin, et al.

questions and answers from the set have been exhausted the testing mode will begin and participants will be presented
a question from the previously examined word set and 4 definitions to pick from. Upon clicking a given answer their
response will be recorded and another randomly selected question will be tested. Once all questions and definitions
from the first set have been tested the settings will be changed to one of the two other types of settings being evaluated.
To ensure no learning effects order of the tested settings will be counterbalanced using a Latin Square design. After the
settings have been adjusted to the next choice of memorization settings, the following word set will be presented in
training mode. Upon completion, the testing mode will begin for the second tested word set. At this point in the test a
retention test will occur testing the previously trained and tested set. This cycle will continue until the fourth word set.
The fourth word set will also be presented in training and testing mode however no results will be collected from it.
This is to allow for a collection of the retention set of the third set while avoiding an infinite cycle trying to hold a
retention test for the last tested set of a given group. This concludes each participant’s testing experience and results
will be collected.

4 RESULTS

Each participant’s speed, accuracy, and settings for each test were recorded and compiled once they had all finished
the trials. (Table 1) displays the average time for each participant across all tests. The speed metric was recorded in
milliseconds (Ms) and reflects just the time taken each testing phase of the trial. Similar to this, each participant’s
accuracy was evaluated independently for each test, with (Table 4) displaying the corresponding averaged data. Before
examining the results of our ANOVA test, several observations may be made based on these tables. It should be noted
that the mixed settings appeared to perform best in terms of accuracy, while the user-selected settings generally
maintained to offer the best speed metric for users.

Table 1. Average Optimal Settings for each participant

However, two ANOVA tests were carried out to verify these findings. The results of the ANOVA test, which was
only focused on the speed metric overall, indicated that the data had statistical significance, with a resulting p value of.
00005813. The effect size of f was recognized as substantial (0.48), and the F statistic was equal to 10.85. We can see
that x1-x2 and x1-x3 do not have statistical significance based on the p-value when the Tukey HSD / Tukey Kramer
Manuscript submitted to ACM
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Testing Effects of Personalized Settings on Memory Recall Through Flashcard Retention Testing 7

technique of showing the results of an ANOVA is used, but x2-x3 does (Table 2). This demonstrates that the variations
between the optimal and mixed settings utilized to derive the data’s statistical significance come from those differences.

Table 2. ANOVA: Speed Metric (Ms): x1 represents user preference, x2 is optimized settings and x3 is mixed.

4.1 Mixed Settings

Table 3. Average Mixed Settings

Based solely on the accuracy metric, mixed settings performed the best in terms of total recalling accuracy, increasing
accuracy by 39% compared to optimal settings and 24% compared to user settings. ANOVA was also performed on
the time metric to see whether there was any significant relationship between the setting type and completion rate.
The findings of the ANOVA were statistically significant in x1-x3, x2-x3, but not x1-x2 when just time was taken into
consideration. The F statistic is 24.912 and the p value is 2.168 e-9.

Table 4. ANOVA: Correct Response Metric: x1 represents user preference, x2 is optimized settings and x3 is mixed.

Manuscript submitted to ACM
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8 Trovato and Tobin, et al.

4.2 User-Preferred Settings

The user-preferred settings significantly outperformed the mixed settings, and the ideal settings also had the same
consequence, but to a lesser extent, when the data was evaluated. The observed effect size was substantial (0.73). In this
case, the user-selected parameters performed the best with an improvement of 400% over the ideal settings and 1200%
over the mixed settings when time is the only factor considered. But when both time and accuracy are taken into
consideration, user settings indicate a statistically significant improvement in both fields, with an average accuracy of
7.375 (as opposed to 9.04) and an average time of 830382.4375 (as opposed to 10227838.48) milliseconds.

Table 5. Average User-Preferred Settings

In summary, the results were statistically significant when just time was considered, with significant differences
between user-selected and mixed settings as well as between the optimal and mixed settings. In this case, user-selected
options outperform optimal and mixed settings with 400–1200% quicker response times, respectively. The results were
statistically significant once again when accuracy alone was taken into consideration, with substantial differences
between user settings and mixed settings along with user settings and optimal settings. Here, when compared to
optimized and mixed settings, the accuracy of the mixed settings performed 24–39% better. User settings performed
best when accuracy and speed were considered collectively, with a 24% decrease in accuracy from mixed settings but a
1200% increase in overall recall time.

5 DISCUSSION

Based on the previous analysis of our results, several discussion topics of note were brought up regarding the best-
performing settings type for each of the reviewed metrics (speed, accuracy, and both). One key question is why the
mixed settings set performed remarkably better in accuracy but incomprehensibly worse in time. While the mixed
settings increased in accuracy by 24% over user-selected settings, speed decreased by nearly 1,200%. One possible
answer for this lies in the way in which each setting set was selected. The user-selected settings obviously had a lot of
variance due to different users selecting different text settings, whereas the optimized settings are static and have very
little variance between users. However the mixed settings were generated randomly by swapping ½ of the features
Manuscript submitted to ACM
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Testing Effects of Personalized Settings on Memory Recall Through Flashcard Retention Testing 9

selected in user settings with optimized settings. This overall could have generated a larger variance and contributed to
the speed deficit. Another possible reason for this may be more simply explained as mixed settings having no cohesion.
This may have made the mixed settings distracting and the lack of cohesion could cause a longer time to recall the
information. Similarly, this phenomenon may have been what aided the recall accuracy for the mixed settings due to
the suspected memory benefits of obscurification. Another point of interest was our selected number of features. It is
possible that some of the experiment’s results could be the cause of the number of text options and features being too
high for the number of participants whose data was collected. In total, there are 972 possible combinations for user
settings and after combining these into mixed settings there are 19,440 possible combinations for user settings and
mixed settings. In our experiment, 16 participants was not enough to accurately address all of the possible combinations.

5.1 Limitations of the Study

Various limitations arose throughout the study. Considering our music being played was using the Wizard-of-Oz effect,
and our optimal music settings was ’Classical’, we needed to ensure that the mixed settings was in fact a mixture. The
issue with this is that there was no way to tell what type of music should be currently playing. We knew that for the
first set that it should be the user’s choice. We would need to pay attention to what type of music they chose, change it
to classical for the optimized sections, and determine whether we would continue with either their classical or preferred
type of music. But after that our data would assign the variable to either classical or whatever the user had chosen, and
without any given indicator of what should be playing, we had to choose what the user was experiencing. For the most
part, we kept the audio to classical once the optimized settings had run through, as otherwise we would have to go in
and manually change all the data entry points as they may or may not match whatever we as humans had chose.

Another limitation of the study was our environment. While we set out to find how a virtual world would effect
the subjects’ performance, we only had enough time to create a single, peaceful environment. Our research showed
that an engaging virtual environment was the best for recall[12]. While this was a good finding, the term ’engaging’
is very abstract and the meaning can change from person to person. So we decided upon something familiar to us
in Colorado, a peaceful mountain valley with trees surrounding that draws your attention; keeping the focus on the
flash cards directly in front of the user. While this is the ideal virtual environment, time was not allotted to go more
in-depth with different worlds that the user may find more distracting or distraught. For instance, some studies showed
that students’ conceptual and spatial learning benefited from fewer distractions in the virtual world [35, 39]. It would
have been advantageous to introduce this variation into the experiment to hopefully observe similar findings. We also
wanted to keep the variables limited as our focus was on user preferences versus optimization, and this addition could
have caused unnecessary noise in our study.
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