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Abstract

The increased difficulty of memory-intensive courses due to many factors necessitates using technological
tools to promote retrieval practice and long-term learning. Hence, a mnemonics game, based on the RADAR
framework proposed by Oyibo, was implemented to foster knowledge retention. Fifty-two students, com-
prising an experimental group (n = 30) and a control group (n = 22), were recruited to undertake a study,
which involved watching a 10-minute Biology lecture on Biology Organization, Cranial Nerves, and Krebs
Cycle and taking repeated tests immediately after a 45-minute preparation, one-week gap pre- and post-15-
minute revision. In all three tests, students who used the RADAR game performed better in recall than those
who did not. Coupled with the study participants stating they found the game easy to use, enjoyable, useful,
and trustworthy, and their willingness to adopt it, the experimental group’s better performance highlights the

need to incorporate mnemonics-based games in memory-intensive courses to promote long-term learning.
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1 Introduction

1.1 Problem Overview

It has become increasingly difficult for students of various education levels, especially university, to learn
and remember what they learned due to numerous negative factors. One such factor is the way memory-
intensive subjects such as biology [36], psychology [37], history [38], social science [39] [40], humanities
[41] [42], and languages [43] are taught, alongside the very nature of the subjects themselves [36]. Other
factors include the prominence of distracting technologies especially social media networks [44] [45], the
fact that many students have to work to financially support themselves [46], the constantly-increasing body
of knowledge, and the emphasis on studying individually rather than collaboratively [47]. All these factors

take a heavy toll on students’ memory, preventing them from achieving their full potential.

1.2 Memory

Memory is considered a low-order cognitive process in Bloom’s taxonomy, but it serves as a foundation
for higher-order cognitive processes, such as analysis and evaluation, making it very important in the act of
learning [5]. Even without that fact, it should be obvious that memory is an extremely important cognitive
function that dictates much of our daily lives, including basic actions such as eating, reading, and writing
[48]. The concept of memory is more complex than it may seem. Atkinson and Shiffrin [49] describe a
“three-box”” model that splits memory into three types: sensory, short-term, and long-term. First, information
processing begins in the sensory memory; unignored information goes to the short-term memory. Performing
maintenance rehearsal (i.e., rote memorization) on information in the short-term memory keeps it there
longer, otherwise it might be lost [50]. To move it into long-term memory and keep it there, a different kind
of rehearsal, namely elaborative rehearsal (i.e., establishing connections between this information and prior
knowledge) must be used [49] [51]. As newer information depends on older information, any information
we learn may be needed for the future. Jensen describes learning and memory as “two sides of a coin” [52],

asserting that they are inseparable.

1.3 Introducing Mnemonics

The great importance of learning and memory, along with the aforementioned factors creating problems
for them, results in a greater urgency for techniques that enhance learning and retaining learned content.
Fortunately, there are already such techniques in place; one notably successful one is the use of mnemon-
ics. Mnemonics enhance recall by establishing connections between the new information and concepts the
user is already familiar with, which means they demonstrate elaborative rehearsal. For a mnemonic to be
effective however, it must demonstrate four properties: meaningfulness, elaboration, association, and visual-
ization [44]. The problem is, as mentioned before, the modern era contains an increasing number distracting
technologies causing a decline in memory ability overall [44], which means it is harder to create effective
mnemonics. Thus, instructors must not only help students learn, but also assist in the methodological and

metacognitive aspects of learning; in other words, they must help students learn how to learn [44].



Create \ Generate ideas

/ Evaluate \Judge based on criteria and standards
/ Analyze \ Organize parts and relationships
/ Apply Execute concepts in different settings
/ Understand \Interpret meaning
/ Remember \ Recall information

Figure 1: A diagram provided by [4] showing the hierarchy in Bloom’s taxonomy [5].

Having mentioned Bloom’s taxonomy [5], it is appropriate to describe it in more detail and explain
mnemonics’ relevance to it. Bloom’s taxonomy is a hierarchical framework that classifies several learning
processes into different levels of order, with higher-order processes being more complex; these processes will
be listed from lowest to highest order. First, one must remember the content that is being taught. Second,
they must understand what they learned or else it would become meaningless to them. Third, they must
actually go apply what they learned or else it would become pointless to them in their life. Fourth, they
must analyze what they learned by looking for deeper meanings within the content and making inferences.
Fifth, they must evaluate what they learned, use it to defend their opinions, and gain greater autonomy.
Finally, they must use what they have learned to create new data. Creating mnemonics based on the content
is clearly an example of the last process, but successfully completing the previous processes is required to
create a mnemonic that easily maps to the content by matching the number of major terms in the content
and referencing the topic and meaning of the content. In addition, using Bloom’s taxonomy on the four
properties of an effective mnemonic [44] will also help create effective mnemonics. Figure 1 shows the six

processes, with their heights matching their relative orders.

1.4 Metacognition, Knowledge Construction, and Retrieval Practice

Speaking of metacognition, this is when someone thinks about and even evaluates what and how they learn,
hence the prefix “meta” followed by “cognition.” Unfortunately, students are generally not very great at
analyzing their own learning ability, which in turn, hinders said learning ability [53]. As such, the art of
metacognition itself should be taught to students [54] [55] [56] [57]. In particular, according to Bransford
et al. [58], it should be taught in a way that reflects the context of the other information that is to be taught,

for maximum benefit. Mnemonics can be evaluated with regards to the four aforementioned properties they



should have (meaningfulness, elaboration, association, and visualization) [44], meaning they can be involved
with metacognition.

We will also discuss the concepts of knowledge construction and retrieval practice, as they will be rel-
evant for later. Knowledge construction involves actively building one’s understanding of a certain topic
through exploration, elaboration, reflection, and interaction, all for the sake of promoting deeper learning
and understanding [59]. It is related to the constructivist learning theory which focuses on a more proac-
tive approach by building one’s own knowledge and actively participating in the learning process [60] [61].
Also, since knowledge construction involves building one’s own knowledge bit by bit, there is room for
metacognition as well [62]. Unfortunately, students tend to ignore knowledge construction in favor of rote
memorization [63] [64] [65] [66]. Yet the truth remains; despite looking simple and efficient, rote memo-
rization is not only actually daunting [67], but also focuses on short-term knowledge retention rather than
long-term. Mnemonics give long-term memory the attention it deserves, and like knowledge construction,
they involve associating new information with prior knowledge, which is why we talked about knowledge
construction; the two can go hand-in-hand.

Retrieval practice, like knowledge construction, also emphasizes proactivity, as users actively put their
long-term memory to the test. It enhances learning [68], and may even be more beneficial than repeated
study and elaborative encoding [69] [70] [71]. In addition, retrieval practice promotes gaining knowledge
that is more flexible with regards to both being retrieved from long-term memory and being applied to
various contexts. Moreover, because it enhances long-term memory, it can be beneficial in academia [72]
[70]. It works even better with feedback, as users will then be aware whether their memory is correct or
not. Mnemonics provide more benefit when paired with retrieval practice, as the latter gives them a greater

advantage over repeated studying [72].

1.5 The Effectiveness of Mnemonics

We return to focusing on mnemonics. Mnemonics have been shown to help users learn and remember large
amounts of information, particularly in memorization-intensive courses [73]. Mnemonics have shown to be
effective in learning course materials in various disciplines including engineering [74], science [75], social
science [39] [40], mathematics/statistics [76], economics [44], humanities [41] [42], and more. Research
has shown that self-created mnemonics are more likely to be effective as new information to be learned can
be linked to the creator’s prior knowledge and experiences [74], making them more memorable and easier
to relate with [74] [75] [76]. While mnemonics involve more mental effort on the front end of the encoding
process, it pays off in the long run [39]; it helps to free up cognitive resources for higher-order thinking and
reduce stress and anxiety during tests [76]. Despite mnemonics being shown to be effective by several studies
cutting across different disciplines, instructors and students are free to pair them with other techniques if they
wish [77].

1.6 The Underuse of Mnemonics

Mnemonics are not new; they have a long history of helping people remember important and easily forgotten

information [75] [78]. Yet somehow, they are still underused in university education [79], particularly in



memory-intensive courses. There are several reasons for this. One of such reasons is that many instructors
and students are simply unaware or unfamiliar with them and/or their effectiveness [80] [53] [81]. Hence,
training students and instructors alike how to use mnemonics effectively in their courses would likely in-
crease their adoption and usage in promoting long-term memory [53] [54]. For example, research shows
that students instructed to create and use mnemonics effectively showed improved long-term learning in
memorization-intensive courses such as biology and psychology [82] [53]. Another reason for the underuse
of mnemonics is that numerous students still dismiss mnemonics as inferior to other learning strategies [53].
Hence, demonstrating the effectiveness of mnemonics to them may lead them to give mnemonics a try. A
third reason is that it may be risky for courses in their current state, particularly memory-intensive ones, to
integrate mnemonics since there is already a lot of content to be taught, and spending lots of time on what
may be considered as merely an alternative method goes against the generally pragmatic nature of most
courses [77]. Perhaps the only hope for changing them is to come up with a method that does not take away
too much time from teaching the regular material. As such, we need a mnemonics-based educational toolkit
than can speak to all three reasons. First, it must demonstrate the effectiveness of mnemonics in promoting
long-term learning and memory. Second, it must be easily incorporated into courses. Third, it must train
instructors and students on the effective use of mnemonics. Finally, it must facilitate mnemonics creation
and retrieval practice of encoded information. So far, there do not seem to be any such tools, let alone any
successful ones. There also does not seem to be any research on the potential of such tools being used in

courses, particularly memory-intensive ones, across all levels of education [6].

1.7 A Mnemonics Serious Game as Part of a Toolkit

To address the lack of supportive tools for instructors and students, Oyibo [6] has proposed the creation of
a toolkit (named SANKOFA) that is meant to be used in various memory-intensive courses. The toolkit
consists of three main components: (1) a mnemonics creation tool, referred to as the SAVE Tool, to help
users effectively and easily create their own mnemonics to enhance long-term learning, (2) a serious game,
referred to as the RADAR game, to help users practice retrieval of encoded information to foster episodic
memory, and (3) a quiz notification system to help users practice retrieval of encoded material from time
to time to strengthen acquire knowledge. The toolkit and its components will be elaborated on throughout
the Method section. He has enlisted the help of several students who focused on the different components.
Since I, in particular, worked on the RADAR game, I will briefly explain serious games in general and with
regards to mnemonics.

Serious games are games that prioritize education over entertainment [83], which is why they are re-
ferred to as “serious.” Nevertheless, serious games can be entertaining, as fun can have a positive effect on
players and their learning both in and outside any game by serving as a force of motivation [84]. Research
shows that serious games hold prospects in promoting knowledge acquisition [85] and skill development
through training [86]. They have been shown to to be effective in various fields, including but not lim-
ited to health education [87], medical care [88], chemistry [89], and cybersecurity [90]. Because of their

effectiveness, they have been increasingly incorporated into academia [83] [91] [92] [93].



1.8 Research Question and Hypotheses

The overwhelming evidence on the effectiveness of mnemonics [73] [39] and serious games [85] [86] in pro-
moting training and learning in various domains leads to the research question, “How can mnemonics-based
games be effectively designed to promote long-term learning and memory?” To answer this research ques-
tion, I leveraged the mnemonics-based framework proposed by Oyibo [94] called “RADAR?”, in conjunction
with the SAVE Tool, to design, implement and evaluate a story-based game called “Acronimps” to promote
knowledge acquisition and retention in university classrooms. The word “RADAR” stands for Recollection
(of created mnemonics using the SAVE Tool), Association (of mnemonics with their target topics), Decoding
(of mnemonics into their target information) and Artifacts Review (reviewing and reflecting on the textual
and visual information associated with the mnemonics).

Mnemonics serious games, especially those designed based on a framework that is replicable across
courses, domains and researchers, turn out to be a rather niche topic in mnemonics game research. Based
on a scoping review conducted by Oyibo and myself [95], mnemonics serious games are not so common
and there is not much discussion about them in the extant literature. Moreover, the existing games on the
market, including Google and Apple stores, are not particularly designed for academia, let alone based on
a well-articulated framework that can be utilized by developers and researchers in the future to foster the
reproduction of research findings based on similar game design characteristics and user experience [96].

Before I outline the thesis hypotheses, I will first define two key terms or concepts used throughout this
thesis. The first of such terms is “knowledge acquisition,” which is the amount of knowledge acquired imme-
diately after studying a given educational material. It is measured as the extent to which learners can recall
learned terms and/or recognize the correct answers to multiple-choice questions, both of which test their
remembering and understanding of the studied material, respectively. Information recall and correct-answer
recognition, as used in this thesis, correspond to remembering and understanding in Bloom’s taxonomy,
respectively [5]. The definition of the second term “knowledge retention” is similar to “knowledge acquisi-
tion”; the only difference is that the former is based on and assessed after a long-time period such as days
and weeks, while the latter is assessed immediately after test-taking.

In my thesis experiments, knowledge acquisition was evaluated five minutes after participants finished
watching a 10-minute lecture, studying with the SAVE Tool and engaging in retrieval practice with the
RADAR game for a total of 45 minutes (Time 1). Moreover, knowledge retention was evaluated after a week
gap without revision (Time 2) and after 15-minute revision (Time 3). The same set of questions was asked
across the three points in time. Further details on each time will be provided throughout the Method section.

Based on the overwhelming evidence of the effectiveness of serious games [85] [86], retrieval practice
[68] [69] [70] [71] and mnemonics [73] [39] [76], prior to my experiment aimed to test the effectiveness
of the RADAR game compared with a control condition (traditional way of learning using PowerPoint), I
outlined a number of hypotheses. The experiment, repeated across three points in time, tested the study par-
ticipants on two cognitive tasks: recall (RCL) and recognition (RCG). It was based on a 10-minute biology
video lecture that covered six important topics, namely, Biological Organization Levels (BL), Biological Or-
ganization Disciplines (BD), Cranial Nerves (CN), Cranial Nerves Functions (CF), Krebs Cycle Substrates
(KS), and Krebs Cycle Reactions (KR). The hypotheses, which compare the cognitive performance of par-



ticipants using the RADAR game (R) with that of those in the control condition (C), are as follows:

* Overarching RQ: Will the RADAR game improve knowledge acquisition and retention?

* “R > C for CN, CF, BL, BD, KS, and KR”: The RADAR game will lead to higher students’ perfor-
mance in each of the six topics than the control condition because of the benefits of mnemonics [73],
especially when paired with retrieval practice [72].

e “R> Cfor RCGand RCL at T1”: The RADAR game will lead to improved performance in recognition
and recall tasks at Time 1 compared to the control condition because of the benefits of mnemonics [73],
especially when paired with retrieval practice [72].

* “R > Cfor RCG and RCL at T2”: The RADAR game will lead to improved performance in recognition
and recall tasks at Time 2 compared to the control condition because of the benefits of mnemonics [73],
particularly regarding long-term memory [39], and pairing them with retrieval practice [72].

* “R > Cfor RCG and RCL at T3”: The RADAR game will lead to improved performance in recognition
and recall tasks at Time 3 compared to the control condition because of the benefits of mnemonics [73],
particularly regarding long-term memory [39], and pairing them with retrieval practice [72].

* “R > C for RCG and RCL overall”: The RADAR game will lead to improved performance in recog-
nition and recall tasks overall (regardless of time) compared to the control condition because of the
benefits of mnemonics [73], particularly regarding long-term memory [39], and pairing them with
retrieval practice [72].

* “Group difference for difficult topics > for simple topics (overall, RCG and RCL)”: The difference
between the two groups’ scores will be greater in difficult topics than in simple topics overall and in
both recognition and recall tasks because of the ceiling effect [97].

* “RCG > RCL overall, for C, and for R”: The recognition task will have a higher score than the recall
task overall and within both the control and experimental groups because recognition is easier than
recall [98].

Additionally, those in the RADAR group were asked to provide quantitative feedback on the game with
respect to their user experience and willingness to adopt the game in real-life settings. Given that the RADAR
game leveraged established design guidelines such as IN-3PACIFIC [1] and C-SHARP [2], the formulated
hypotheses, relating to Perceived Ease of Use (PEOU), Perceived Enjoyment (PE), Perceived Usefulness
(PU), Perceived Trust (PT), and Willingness To Adopt (WTA), are as follows:

* “Mean of PEOU, PE, PU, and PT > neutral value”: The RADAR game will be perceived as easy to
use, enjoyable, useful, and trustworthy because it was designed based on two established frameworks
(IN-3PACIFIC [1] and C-SHARP [2]).

* “Mean of WTA > neutral value”: Students will be willing to adopt the RADAR game given its knowl-
edge consolidation benefit, perceived ease of use, perceived enjoyment, perceived usefulness, and

perceived trustworthiness.



2 Literature Review

As stated before, there has not been much discussion of mnemonics serious games. As a result, I, alongside
others including Oyibo, had performed a scoping review of papers that involved creating and evaluating
mnemonics serious games [95], as well as a systematic review of apps that are themselves mnemonics serious

games [96].

2.1 Scoping Review of Papers

We [95] had searched ACM Digital Library, IEEE Xplore, Scopus, and Web of Science to find papers detail-
ing studies involving creating and evaluating mnemonics serious games. Surprisingly, only 1 relevant paper
was found, so we manually searched Google Scholar and used the snowballing method to find 11 more pa-
pers, resulting in a total of 12. Through these papers, we saw that after the less-than-positive results of the
first two studies in 1996 [99] [100], no more studies were conducted until 2011 [101], and more began to pop
up from then on. The majority of mnemonics serious games created for these studies are for personal use
rather than collaborative. They have also remained prototypes instead of being released to the public; this has
led us to attempt to create one that can be used by the public instead of being shelved afterwards. In addition,
mnemonics in serious games are created by people rather than computers, and the people in question are the
game designers rather than the players; there is little opportunity, if any, for the game to use mnemonics
provided by players. This has led us to create a game that makes use of mnemonics provided by players.
Moreover, mnemonics serious games have generally had a positive outcome with regard to improving users’
memory, which is consistent with literature stating the benefits of both mnemonics and serious games, as
described in previous sections. They are also generally found enjoyable, but not particularly memorable,

which has led us to create a game that would be found memorable.

2.2 Systematic Review of Apps

We [96] had also searched the App Store and Google Play for apps that are mnemonics serious games. We
found a total of 32 relevant apps. We saw that these apps started to appear in the 2010’s and became more
prevalent in the early 2020’s. They have a wide range of subjects, consistent with what we stated in the
Introduction. They tend to be puzzles or quizzes, but sometimes take a less-specific form that cannot eas-
ily be classified. The most common mnemonics used are acronyms and images, which we intend to make
use of too. Some have a formal educational method while others are more casual, but even the former are
not specifically meant to be used alongside academia and did not seem to be created by researchers; as
researchers ourselves, we decided to create one that is meant for academia. The apps that were rated by
players tend to have at least 3 stars out of 5, with quite a few having at least 4 stars. However, most of
the apps fail to live up to the characteristics listed by Blumberg et al. [1], as well as the broad themes by
Morris [2]. We dubbed the former IN-3PACIFIC (Immersion, Narrative, 3 Presences, Agency or Control,
Identity, Feedback, Interactivity, Challenge) and the latter C-SHARP (Critical Reflection, Situated in Con-
text, Hands-on Activity and Participation, Risk/Novel Experience, Pragmatic/Purposeful). The former are

further described in Table 1 while the latter are further described in Table 2. The only ones the majority of



Table 1: IN-3PACIFIC Characteristics [1]

Characteristic Description

Immersion Player’s feeling present in the game

Narrative A sense of story progression

Presence (Self) Experience of the player’s persona in the game as their actual self

Presence (Social)

Presence (Spatial)

Allowing players to interact with virtual actors in the game as though they
were real
Players feeling physically embodied in the game’s environment

Agency/ Allowing players to control aspects of the game including tailoring it to their

Control preferences

Identity Allowing players to create characters or profiles representing them

Feedback Information that players receive from the game relating to their performance,
progress, rewards, what actions they can take and the consequences of their
choices

Interactivity Allowing players to initiate and receive feedback for actions in the game, as if
the game is an entity that can be communicated with

Challenge The various degrees of complexity that are possible in a game based on the

player’s actions

the apps fulfill are Feedback and Interactivity (they allow players to initiate and receive feedback), Challenge
(they provide a range of difficulties), and Agency or Control (they allow players to tailor the game to suit
themselves). Fulfilling the majority of these characteristics became a priority, though we understood it could

be rather challenging or even counter-intuitive to fulfill all or most of them.



Table 2: C-SHARP Themes and Their Characteristics [2]

Theme

Characteristic

Description

Critical Reflection

Situated in Context

Hands-on

Activity/Participation

Risk/Novel Problems

Pragmatic/Purposeful

Investigation-Like

Multisolution-Based

Place
Time

Learner Empowerment

Collaboration With Others

Novel Experience

Challenge

Spontaneity/Unpredictability

Inquiry-Based

Co-Construction of Meaning

Allowing the player to act as an investi-
gator who knows that there is room for
improvement and refinement of solutions
to the posed problem in the light of new
knowledge

Providing room to solve problems in mul-
tiple ways due to their open-structured na-
ture and context specificity

The setting of the game including its loca-
tion, community, culture, etc.

Depicting a time period (past, present or
future) in the game setting

Support of players’ agency or control over
aspects of the game including tailoring it
to their preferences

Player being able to work with other play-
ers, e.g., through cooperation or competi-
tion

Throwing player into new and/or unfamil-
iar situations

The various degrees of complexity that are
possible in the game based on the player’s
actions

Periodical introduction of unexpected ele-
ments that the player must quickly adapt
to

Allowing and encouraging player to ask
themselves questions or create their own
problems to solve

Allowing players to cooperate, build
knowledge collaboratively, and learn from
each other




3 Method

3.1 Framework
3.1.1 Framework Overview

Oyibo [6] proposed the research methodology shown in Figure 2, which he adapted from the Design Thinking
framework [102], for his toolkit. There are 7 stages for each toolkit component, including the serious game.
First, a survey is to be conducted to gather user needs (he had considered interviews too, but decided sticking
to a survey for convenience and wider reach). Second, the collected data is to be analyzed and used to find
what problems need to be solved; this process involves creating personas and scenarios describing use cases
[103] [104]. Third, brainstorming solutions to the aforementioned problem is required. Fourth, the best
solutions are to be prototyped. Fifth, the prototypes are to be tested among the target users using cognitive
walkthrough [105] and user experience scales [106] [107] [108] to determine which one is preferred or the
most effective. Sixth, the most effective solutions are to be implemented using standard practices of software
engineering. For example, we might use a version control system such as GitHub, and Agile methodology
such as SCRUM [109]. Finally, the implementation is to be evaluated among the target users using usability
testing and experimental methods.

3.1.2 First Stage

The first stage of Oyibo’s [6] research methodology involves conducting a survey to gather user needs.
The information from these surveys is to be used to motivate the processes of the later stages. However,
unexpected complications during the ethics proposal meant that Oyibo had not been able to receive his
HPRC Certificate until April 25, 2025. As such, surveys could not be given to human participants until then.
Since it would be unwise to simply wait for the HPRC Certificate to be granted, we had decided to move on
to the other stages, as they were still doable without information from potential users. We still performed
the first stage after receiving the HPRC Certificate, but information collected from the survey now served
primarily to create mnemonics and build upon the game rather than serve as its initial foundation. Further

details of the survey are provided in Section 3.5.

3.1.3 Second Stage

The second stage of Oyibo’s [6] research methodology involves analyzing data from the first stage and
using it to figure out the problems that need to be solved. However, as stated before, the first stage had
been postponed because of the ethics complications. Thus, the second stage needed an alternate source of
information and had to be made more informal. Instead of using data from recruited participants, I listened
to suggestions from Oyibo and our colleagues during and outside of our weekly group meetings, and also
followed IN-3PACIFIC [1] and C-SHARP [2] guidelines. In particular, in the systematic review that Oyibo
and I [96] conducted, we found that many existing mnemonics serious games failed to make players feel
present in the game, create a narrative, and promote learning together with others. It was important that my

game would include these characteristics.
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3.1.4 Third Stage

The third stage of Oyibo’s [6] research methodology involves brainstorming solutions to the problem dis-
cussed in the second stage. I had mentioned that many existing mnemonics serious games did not provide
senses of presence or narrative; I decided to allow the player to create an identity for themselves in the game
and participate in a story using that identity. I had two ideas for a possible plot: One was that the player
would be a worker in a factory that assembles word-shaped structures based on mnemonics and then ship
them off for sale to help people remember things more easily. The other was that they would be a magician
in a medieval fantasy setting and banish monsters, whose names are mnemonics, back to their own realm by
saying their names; I based this idea on the famous tale of Rumpelstiltskin, an imp who challenges a woman
to guess his name within three days or else he will steal her child. Fortunately, she overhears him singing a
song that features his name, she tells him his name the next day, and he either angrily flees or tears himself
apart depending on the version. Oyibo, our colleagues, and myself greatly preferred the medieval fantasy
over the factory, so I immediately went with the former. Regarding challenging and motivating one another
to learn, I implemented a leaderboard where players see each other’s total points obtained and feel motivated

to keep playing. Further details of the game are provided in Section 3.4.

3.1.5 Fourth Stage

The fourth stage of Oyibo’s [6] research methodology involves prototyping the best solutions among those
in the third stage. I chose to use Figma because of my experience with it in the past. I would create frames
for the various screens I planned to have in my game. If a screen would have changing states, such as an idle
screen, a correct-answer screen, and a wrong-answer screen in a level, I would have a frame for each screen.
I first created a low-fidelity version, which only had the basic layouts, text, and shapes, then upon approval,
I created a high-fidelity version, which added colours, images, and reusable components. The high-fidelity
version also included more screen state variations and multiple navigations to closely simulate an actual

playable game.

3.1.6 Fifth Stage

The fifth stage of Oyibo’s [6] research methodology involves testing prototypes with the target users using
cognitive walkthrough [105] and user experience scales [106] [107] [108] to see which one they consider
the best. However, the ethics complications meant that we could not involve human participants other than
Oyibo and our colleagues, as well as Timothy Ojo, a product designer and friend of Oyibo. We also made this
stage more informal, just as we did for the second stage. Instead of formal cognitive walkthroughs, I would
regularly show Oyibo and our colleagues my Figma prototype during and outside our weekly meetings and
asked them what ideas for improvement or new features they had; I would use their comments to improve

my singular prototype rather than making several prototypes.
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Figure 2: Stages of the research program and key methods to realize them [6].

3.1.7 Sixth Stage

The sixth stage of Oyibo’s [6] research methodology involves implementing the solutions based on the
prototypes using standard practices of software engineering. Though I did not end up using SCRUM [109],
I did end up behaving in an Agile-like manner. As previously stated, I would participate in weekly meetings
with Oyibo and his other students or research assistants. There, I would show my game (especially the
changes made in the latest week) to them just as I showed my Figma prototype, and I would receive ideas

for improvement or new features. I would also upload and update my code in a GitHub repository.

3.1.8 Seventh Stage

The seventh stage of Oyibo’s [6] research methodology involves evaluating the implementation among the
target users using usability testing and experimental methods. In my case, that would mean letting partici-
pants play my game and then comparing their performances in a test about topics that the mnemonics were
for to the performances of people who did not play my game. This would be my main study. The goal was to
determine whether the game’s handling of mnemonics leads to greater improvements in learning and content

retention than traditional methods such as focus on slides. Further details are provided in Section 3.6.

3.2 Toolkit Description

Figure 3, provided by Oyibo [6], shows the learning process, which begins in the classroom and culminates in
the retrieval of learned information from long-term memory in the future. In particular, the right half shows
the SANKOFA toolkit. As he explains, the term “SANKOFA” itself is an acronym which stands for “Save
All New Knowledge Optimally and Fetch Accurately.” It is based on the Ghanaian Akan term “Sankofa,”
which literally means, “to go back and fetch it” (p. 127) [110]. It relates to the Ghanian proverb, “It is not
wrong to go back for that which you have forgotten” [111] [7]. As Oyibo [6] also explains, the SANKOFA
Toolkit implements two main theoretical frameworks: SAVE and RADAR - both of which are derived from
the 12 principles of memory [112], particularly selection, association, visualization, elaboration, review, and
feedback. As such, he decided to name its components after these key memory principles; though I did not
work on both of them, I will be explaining the implementation of both frameworks for readers’ convenience
and information. First, there is the SAVE (Select, Associate, Visualize and Verbalize, and Elaborate) tool.
This is the mnemonics creation tool; it includes a training module that teaches students and instructors how to

create effective mnemonics that can help them “go back and fetch forgotten knowledge” [113]. Second, there
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Figure 3: Long-term learning process based on the SANKOFA framework [6], with images provided by [7] [8] [9] [10]
[117[12][13].

is the 5R (Retrieve, Receive feedback, Review, Reflect, and Reinforce) system, which metamorphosed into
the RADAR (Recollection, Association, Decoding, and Artifacts Review) framework (to be discussed later)
which I implemented in the form of a mnemonics serious game, and the quiz notification system which has
not been implemented yet. The SAVE, RADAR, and quiz notification systems will help both students and
instructors better encode content using mainly acronyms, acrostics, and images, and fetch said content when
they need to. Oyibo [6] cautioned that the SANKOFA toolkit is meant to serve as a supplement in courses,
not a replacement for methods that are already in use. As such, students must first learn the course content
regularly, and then have the toolkit assist them in reinforcing the acquired knowledge; likewise regarding
instructors teaching the content regularly. In other words, both instructors and students must still fulfill their

regular duties as if the toolkit were not there.

3.2.1 SAVE Tool

As Oyibo [6] explains, the SAVE Tool involves Selecting information such as a presentation slide to encode
into long-term memory using a mnemonic, Associating this information with one’s existing knowledge and
experiences, Visualizing and Verbalizing the association, and Elaborating on the information to be encoded,
hence “SAVE.” An example he provides involves reordering the components of web accessibility into a
meaningful mnemonic, “ADA CUBE” (Authoring tool, Developers, Assistive Technology, Content, Users,
Browser, and Evaluation Tools), as shown in Figure 4. By reordering the components of Web Accessibility
and using the first letters of each word to form a meaningful mnemonic phrase “ADA CUBE” (through

elaborative rehearsal), the first word of which references Ada Lovelace, the first computer programmer,



Figure 4: Example mnemonic cue [6] [14].

learners will be able to recollect the target information easily and fast in the future. The SAVE Tool will
help encode this list through the elaboration process, giving its user an advantage at remembering those
components of web accessibility early on against someone who relies on rote memorization. As Oyibo [6]
describes, this particular encoding method will enhance episodic memory, complementing semantic memory;
he even refers to it as mental time travel, or the ability to mentally place oneself in the past or future [48]. The
SAVE Tool also supports low-order, middle-order, and high-order thinking in Bloom’s taxonomy [5], through
remembering, analyzing via elaboration and association, and creating meaningful mnemonics respectively.
The SAVE Tool was not developed by me, but rather by Sarah Ejaz [4], a fellow student of Oyibo. However,
the SAVE Tool is still a key part of my study.

3.2.2 RADAR Game

The RADAR game emphasizes retrieval practice by providing chances for reviewing encoded information
and reflecting on feedback. Oyibo [6] asserts that the type of active engagement provided by a game can
help foster episodic memory and thus strengthen long-term memory of the target material [114] [115] [116].
As stated by Oyibo [6], the game follows the RADAR framework (Recollection, Association, Decoding,
Artifacts Review) for designing mnemonics serious games that deal with acronyms and acrostics [6]. The
Recollection component tests players’ ability to remember the mnemonics themselves. Association tests
their ability to link mnemonics to their associated topics, called target topics. Decoding tests their ability to
remember what mnemonics stand for, i.e., the target information. Artifacts Review allows players to view
the artifacts (details) of their mnemonics, which they had provided in the SAVE Tool. The word “Artifacts”
was originally chosen because it means “tools,” which mnemonics certainly are, and it helps contribute to
the nice-sounding acronym “RADAR.” There are two possible approaches to the “RAD” in “RADAR”: One
is to focus on one mnemonic at a time and recollect, associate, and decode it back-to-back before reviewing
it immediately afterwards. This would be treated as one short level, and there would be many such levels
depending on the number of mnemonics. We will call this approach “One-mnemonic-at-a-time” (One-MAT).
The other approach is to recollect all the mnemonics in a given module all at once (one at a time), and then

associate, decode and review them. In other words, the player attends to all of the mnemonics in a given
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module in each stage before moving to the next stage. There would be fewer levels, but they would be much
longer, depending on the number of mnemonics. We will call this approach “All-mnemonics-at-a-time”
(All-MAT). I chose to go with AII-MAT as it was more appropriate to my game’s story; I will explain in
further detail later. Either way, Recollection must be done before Association, which must be done before
Decoding, which must be done before Artifacts Review.

Recollection, Association, and Decoding each have five different cognitive tasks to choose from; these
tasks determine how players are supposed to provide answers. Visual Recognition involves choosing the
correct image among several, while Verbal Recognition involves choosing the correct text among several;
these two are considered low-difficulty due to the correct answer being in plain sight. Visual Cued Recall
involves typing the correct text associated with a given image that is only partly shown, while Verbal Cued
Recall involves typing the correct text when given part of it; these two are considered medium-difficulty due
to only a bit of aid in coming up with the correct answer. Verbal Free Recall involves typing the correct
text without aid; this is considered high-difficulty. There is an idea for another high-difficulty cognitive task,
Visual Free Recall, but that would involve drawing the correct image and not only would drawing take a long
time, but current technologies likely cannot analyze the correctness of a drawing in a short time to avoid

making the player wait.

3.2.3 Quiz Notification System

As for the quiz notification system (which is currently not implemented), Oyibo recommends to “send
spaced-out tests (one question at a time) on encoded information (mnemonics and their meanings) at user-
preset intervals on a daily basis.” [6] The SAVE Tool, RADAR game, and quiz notification system are based

on key memory principles and will help cement users’ memory of what they learned [117] [118].

3.3 Features of the SAVE Tool

In this section, I will explain the features of the SAVE Tool [4] in further detail. In particular, I will focus on

logging in, creating a mnemonic, and viewing a mnemonic.

3.3.1 Login

As part of the SANKOFA Toolkit, the SAVE Tool requires a SANKOFA account to use it [4]. From the
“Welcome to SANKOFA” page of the SANKOFA website, the user must click the “Login” button in the top
right corner. This takes them to the “Log In” page, where they must enter the email address and password
associated with their account. For the sake of the experiment, we provided accounts to participants. In the

future, however, we plan to include a feature that allows signing up for SANKOFA.

3.3.2 Creating and Viewing a Mnemonic

After logging in, the user is taken back to the “Welcome to SANKOFA” page, but now sees their name near
the top right corner, as well as a “SAVE Tool” icon near the top middle [4]. To create a mnemonic, the user

must first click the “SAVE Tool” icon. They then need to choose a course, which takes them to the “My
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Toolbox” page, showing the modules (which are lecture topics of a course) of the chosen course. From here,
they must click “Create Mnemonic,” choose one of the course’s modules, and click “Next.” Doing so takes
them to the “Workbench.”

The user’s first action in the “Workbench” is to Select what target information (the main content that
needs to be remembered) to encode. They must upload an image of a presentation slide that contains the
information, then they must provide the target topic (a topic that is more specific than the module and that
the mnemonic is meant to help the user for), as well as the target information itself (which is also what the
mnemonic stands for) [4].

Next, the user must Associate the target information with existing knowledge and Visualize (as well
as verbalize) the association. They must select the type of mnemonic and upload an image to represent the
mnemonic [4]. Then, for each mnemonic term, they must type it, its target term, and upload an image for the
target term. As they do this, the entirety of the mnemonic will be shown in a blue bar. Whenever they need
more rows (one for each mnemonic term), they can simply click “Add Row.”

Afterwards, the user must Elaborate on the target information. They must first provide a verbal cue (a
conceptual connection between the mnemonic and the target information) [4]. Then they must enter tidbits,
which are additional pieces of information that further explain the target topic or information. If they need
to enter more tidbits, they can simply click “Add Tidbit.”

When finished, the user can click “Save” and receive an alert telling them their mnemonic has been
created [4]. Clicking “OK” shows a page confirming that the mnemonic has been saved, and the user can
click “Go Back to My Toolbox.” Once back at the toolbox, all they need to do to view their mnemonic is
click the module to reveal its list of existing mnemonics, and then click the mnemonic to reveal all of its

artifacts.

3.4 Acronimps, My RADAR Game

The particular RADAR game I have created is called “Acronimps,” which is an obvious pun on “acronyms”
and “imps,” but also “acrostics” (which the game accommodates) and “nimps” (a term often associated with
smallness or minimality, fitting for mnemonics used to encapsulate large amount of information in a concise
and compact way). In the Acronimps game, the player takes the role of a magician who banishes the titular
monsters invading the player’s land back to their realm by saying their names, i.e., the acronyms and/or

acrostics themselves that the player has created and stored in memory using the SAVE Tool.

3.4.1 Setup

First, the player must view the “Disclaimer” page, which asserts that the mnemonics and images shown do
not reflect personal opinions. Clicking the right arrow takes them to the “Log In” page, in which they must
log in with the email address and password of their SANKOFA account. Then, in the “Course” page, they
must look at a list of courses with mnemonics and choose which course’s mnemonics to practice. Next, in
the “Module” page, they must look at a list of the chosen course’s modules and how many mnemonics each
module has. They must select which module’s mnemonics they wish to test themselves on (they must choose

a module with at least five mnemonics because having fewer than five would make the Quests too short and
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Figure 5: Screenshots of the setup and story pages in the Acronimps game, with textures provided by [15] [16] [17],
avatar provided by [18], course images provided by [19] [20] [21] [22] [23], and the fire image provided by [24].
Licensed under CC BY-NC-ND.

easy). Afterwards, in the “Cognitive Tasks” page, they must look at a description of each cognitive task
(Verbal Recognition is currently the only implemented one) and select one for practice. Figure 5 shows an
example of the setup process. After selecting a cognitive task, the player is shown the story, which is split
into several pages. The story is that evil monsters called Acronimps are attacking the town, and a powerful
magician must use a spellbook called the Acronomicon to banish them back to their realm by saying their
names (mnemonics) to them, while also finding out how they arrived in the first place. Clicking arrows takes
the player to the next or previous page. After seeing all pages, the player arrives at the “Main Menu.” This
screen shows levels that the player must complete for the chosen cognitive task; they are my implementation
of “RADAR” and are called Quests: “Town (Recollection),” “Bridge (Association),” “Castle (Decoding),”
and “Museum (Artifacts Review).” “Main Menu” also contains icons for “Quest Statistics and Settings,”
“Class Ranking,” “Image Attribution,” and “Profile,” all of which have home buttons taking the player back

to “Main Menu.”
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3.4.2 Quests

As previously stated, the four Quests, “Town (Recollection),” “Bridge (Association),” “Castle (Decoding),”
and “Museum (Artifacts Review),” are my implementations of “RADAR” and the main levels of the game
that need to be completed. Choosing a Quest for the first time shows a page explaining the story of the
Quest, which then leads to a preview page that includes details on the type of Acronimp that will be faced,
instructions for what to do in the Quest itself, a button that allows users to “Change Quest Settings,” a button
to “Go to Quest,” a back button to view the story page again, and a home button leading to the “Main
Menu.” The exception is “Museum (Artifacts Review),” in which the story page leads straight to the Quest,
as Acronimps are not involved and there is no concept of winning or losing. Choosing a Quest from the
second time onward skips the story page. In all Quests other than “Museum (Artifacts Review),” the player
is being timed and sees so; they also see how many Acronimps are left to defeat, as well as the player’s own
HP (a wrong answer decreases HP by 1, and reaching O HP results in a loss and requires restarting the Quest).
The player can pause the Quest and view a page similar to the preview page, but with buttons to either “Quit
Quest” or “Resume Quest” instead. Winning a Quest shows a page with a congratulatory message, number
of XP (points used in the game) received, stars received (up to 5, with 1 less for each mistake), buttons to
either go to “Main Menu” or “Go to Next Quest,” and a home button. The exception is “Castle (Decoding),”
whose win page replaces the aforementioned buttons with a “View Aftermath” button that leads to a page
describing the aftermath of the story and showing buttons to “Replay Castle” or “Go to Review,” and a home
button. Losing a Quest shows a page that motivates the player to not give up and shows buttons to go to
“Quest Settings” or “Replay Quest,” and a home button. I did not force players to remain in their current
Quest until they completed it or to take the next Quest immediately after completing it, as they might wish

to take a look at other parts of the game that are available to them or practice earlier Quests.

3.4.3 Town (Recollection)

“Town (Recollection)” is the first Quest to be completed. As part of the story, the magician encounters
Acronimps burning a town. These Acronimps are the weakest, as they have no special defenses. They attack
one-by-one, and the player sees four possibilities for the current Acronimp’s name by automatically using a
type of so-called Acrovision spell. One is the correct answer, and the other three replace one or two words in
the correct answer with synonyms. Choosing the correct answer instantly defeats the Acronimp and makes
it yell out in rage; it also grants a maximum of 30 XP (10 less for each consecutive wrong answer with a
minimum of 0), which are points that contribute to the leaderboard. If an Acronimp is defeated and it is not
the last one, another one rushes into the screen to replace it. A wrong answer leads to the Acronimp striking
the player and turning the screen red, along with taunting the player. Figure 6 shows progression through the

Quest and how to get to it from “Main Menu.”

3.44 Bridge (Association)

“Bridge (Association)” is the second Quest to be completed in a chosen cognitive task. “Town (Recollec-

tion)” must have already been cleared. As part of the story, the magician encounters Acronimps on a bridge
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Figure 6: Screenshots of “Main Menu” and “Town (Recollection),” with textures provided by [15] [16] [17], avatar
provided by [18], location background provided by [25], and bottom icons provided by [26] [27] [28]. Licensed under
CC BY-NC-ND.

leading to the castle. Similarly to the previous Quest, the player confronts one Acronimp at a time, but the
Acronimp is protected by a shield that renders it immune to the effects of the player saying its name. The
shield must be broken by saying the place of origin (target topic) that corresponds with the Acronimp’s name.
Fortunately, the player automatically uses an Acrovision spell to see the current Acronimp’s name, as well as
places of origin for all Acronimps still in the area (meaning the list gets shorter when fewer Acronimps are
remaining), and the player only needs to choose the one for the Acronimp in the screen. Once the shield is
broken from a correct answer, the Acronimp is defeated and yells out in rage (since the player sees its name),
and the player receives a maximum of 30 XP (10 less for each consecutive wrong answer with a minimum
of 0). If an Acronimp is defeated and it is not the last one, another one rushes into the screen to replace it. A
wrong answer leads to the Acronimp striking the player and turning the screen red, along with taunting the

player. Figure 7 shows progression through the Quest.

3.4.5 Castle (Decoding)

“Castle (Decoding)” is the final Quest that involves Acronimps. “Bridge (Association)” must have already
been cleared. As part of the story, the magician approaches the castle and encounters Elite Acronimps,
whose banishment hinges on demystifying their names (by providing the correct target information) instead
of simply saying them. The player confronts one Elite Acronimp at a time, and automatically uses an
Acrovision spell to see the current Elite Acronimp’s name with one of its parts in red; the spell also shows
four possibilities for the red part’s demystification (target term), with one being the correct answer while
the other three start off with the same first letter and likely a few more, as well as being of the same part of
speech (e.g., noun). Choosing the correct answer either makes the Elite Acronimp groan in pain and makes

the next part of its name be the red one (if the current red part is not the last part), or it defeats the Elite
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Figure 7: Screenshots of “Bridge (Association),” with textures provided by [15] [16] and location background provided
by [29]. Licensed under CC BY-NC-ND.

Acronimp and makes it yell out in rage (if the current red part is the last part); either way, the player also
receives a maximum of 30 XP for each part (10 less for each consecutive wrong answer with a minimum of
0), meaning an Elite Acronimp can give more than 30 XP. It is important to note that the number of Elite
Acronimps left is shown (just like how other Quests show the number of regular Acronimps left), not the
number of parts left. If an Elite Acronimp is defeated and it is not the last one, another one rushes into the
screen to replace it. A wrong answer at any part of a name leads to the Elite Acronimp striking the player
and turning the screen red, along with taunting the player. Figure 8 shows the progression of the Quest and
“Aftermath.”

3.4.6 Museum (Artifacts Review)

“Museum (Artifacts Review)” is the final Quest. As part of the story, the magician is rewarded with an
invitation from the king to attend the grand opening of the Acronimps museum, which commemorates the
monsters’ defeat. The player is able to check all their mnemonics in the chosen module and their associated
artifacts. The mnemonics are arranged horizontally in alphabetical order, and the player can scroll to see
those that are not currently in the screen. For each mnemonic, the player can scroll vertically to view the
mnemonic itself (and its visual cue), target information, target topic (and its visual cue), verbal cue, and

tidbits. Figure 9 shows the various artifacts that can be seen in the Quest.
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Figure 8: Screenshots of “Castle (Decoding)” and “Aftermath,” with textures provided by [15] [16] and location
background provided by [30]. Licensed under CC BY-NC-ND.
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Figure 9: Screenshots of “Museum (Artifacts Review),” with textures provided by [15] [16] [17] and images provided
by [31] [32] [33]. Licensed under CC BY-NC-ND.
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Figure 10: Screenshots of the additional features, with textures provided by [15] [16] [17], avatars provided by [18],
and course image provided by [21]. Licensed under CC BY-NC-ND.

3.4.7 Quest Statistics and Settings

The “Quest Statistics and Settings” screen allows the player to see performance records for the Quests, set
their maximum HP, and change what cognitive task to practice (though as stated before, the only cognitive
task that has been implemented is Verbal Recognition). More specifically, for each Quest (other than “Mu-
seum (Artifacts Review)”) in the current cognitive task, the player is shown the highest number of mnemonics
they used in a successful attempt, the shortest amount of time they took with that many mnemonics, and the
highest number of stars they received with that many mnemonics. Below, there is also a section that shows
the number of mnemonics the player is currently using, and the section contains a slider that allows the
player to set their maximum HP from 1 to 5 inclusive; the default is 3, but daredevils can choose as low as
1 to enjoy the thrill of not leaving any room for error while those who might not be as confident can choose
up to 5 to give themselves some breathing room. Another section tells the player the cognitive task they are
currently practicing, and it provides a “Change Cognitive Task™ button if they wish to switch to a different
one; this takes them back to the “Select Cognitive Task” screen. Figure 10 shows the “Quest Statistics and

Settings” page, as well as those for the pages explained below.

3.4.8 Class Ranking

The “Class Ranking” screen shows the leaderboard for the current class. To be precise, it shows a list of
players who enrolled in the current class; each such player’s profile picture, username, and XP are shown
(we avoided showing their full name to maintain some degree of anonymity). Players are ranked by XP for
the class, with those having more XP for the class being higher up on the list. It should be noted that a certain
player can be enrolled in more than one class and have different XP for each such class, meaning they can

outrank another player in one class and be outranked by that same player in another class. The leaderboard
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is only about the class that the player is currently practicing mnemonics for.

3.4.9 Image Credits

Because many of the images I used for the backgrounds, avatars, and icons were taken from online sources,
I included an “Image Credits” screen. In it, I stated each image that is not created by me or provided by a
user of the SAVE Tool (i.e., the mnemonic visual cues and target topic visual cues), and I included a link that

takes the player to where I got the image from if they click on it.

3.4.10 Profile

The “Profile” screen shows the player’s avatar, full name, username, email, and XP for the class they are
currently practicing mnemonics for. The class’s course code, name, and instructor are also shown. The
username is directly editable in this page, while the avatar can be changed by clicking it and arriving at
a “Select an Avatar” screen, which allows them to choose from one of nine avatars. There are also five
buttons below. “Change Course/Module” takes the player back to the “Course” screen, and they have to go
through the “Module” screen immediately afterwards, just as they did in the setup. “View Mnemonic Details”
and “View Quest Statistics and Settings” takes them to the “Mnemonic Details” and “Quest Statistics and
Settings” pages respectively. “View Story” lets them view the initial story pages once more. “Log Out” logs

the player out and takes them back to the “Log In” screen.

3.4.11 Acronimps Game’s Implementation of IN-3PACIFIC and C-SHARP

It is common practice to assess a game against a specific set of requirements [119]. As stated in Section 2.2,
my Acronimps game takes IN-3PACIFIC [1] and C-SHARP [2] into account. Aside from Multisolution-
Based and Co-Construction of Meaning, the Acronimps game implements all the remaining characteristics,
as shown in Tables 3 and 4. The latter also explains how Multisolution-Based and Co-Construction of

Meaning could be implemented in the future.

3.5 User Requirements Survey

As previously stated, the first stage of Figure 2 involves a survey, namely a user requirements survey. In this
particular case, Oyibo [6] instructed that such a survey in YorkU is to be used to gather the requirements
data for the mnemonics serious game. As previously mentioned however, because of ethics complications,
the survey needed to be postponed, so its information served to create mnemonics and build upon the game
rather than serving as its foundation. Regardless, the survey was meant to investigate learning strategies
currently used in memory-intensive courses, technology-driven tools, mnemonic devices’ potential, and how

willing students are to use all of these.

3.5.1 Apparatus

The survey is online, on Google Forms. Data from the participants is saved on Google Sheets. Because of

its online nature, the survey was presumably done on various types of devices. Monetary compensation was
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Table 3: Acronimps Game’s Implementation of IN-3PACIFIC [1].

Characteristic Implementation

Immersion First-person view leads the player to feel immersed in the game itself
Narrative A clear story, as well as progression through a fixed order of Quests
Presence (Self) The player acts as the magician confronting the Acronimps

Presence (Social)
Presence (Spatial)

Confronting Acronimps, which are separate entities
The Quests’ different locations provide a sense of travelling through the world

Agency/ The player can select which course and module’s mnemonics will be used, as

Control well as set their HP from 1 to 5

Identity The player can set their username and avatar, with the former even being in-
corporated into the story

Feedback The game clearly tells the player whether they are right or wrong, tells them if
they have won or lost, and provides tidbits as feedback during “Castle (Decod-
ing)”

Interactivity The game is essentially teaching the player how to combat Acronimps and
guides the player on where to go next

Challenge “Castle (Decoding)” is more complex than the previous Quests, with very tax-

ing memory tests and more actions required to take down an Elite Acronimp
than a regular one

provided through Interac e-Transfer. R was used to analyze the data.

3.5.2 Participants

In the SANKOFA project proposal, Oyibo [6] stated that the survey would be distributed to n = 100 students.
He explained that “the survey sample size was calculated using n = z2(p(1 — p))/€? [120], where z is the
z-score (1.96), € is the margin of error (8%), and p is the estimated YorkU student population proportion
using cognitive enhancers in memory-intensive courses (0.22). The estimated value of 0.22 was based on
the finding that approximately 22% of university students used cognitive enhancers to augment cognitive
performances while studying [44]. The calculation (n = 1.962(0.22)(0.78)/0.082) gives n ~ 100” [6]. We
received a total of 122 responses from participants, who were each offered $10 for the time spent on taking

the survey.

3.5.3 Procedure

The survey was disseminated to students of any field through the graduate students email mailing list, while
posters were put up on campus to get the attention of additional students. Consent was obtained from each
participant in the survey itself before they could move on to the rest of the survey. After enough participants
had done the survey, the survey was then closed and participants were then given the promised $10. Though
we intended to analyze the data, we could only analyze a portion of it, given the time constraint imposed by
the delayed ethics approval and the urgency of the other parts of the study. We analyzed the items shown in
Table 5 [3], with regards to comparisons between students who preferred to create their own mnemonics and

students who preferred mnemonics given by professors. For each of the items, students expressed agreement
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Table 4: Acronimps Game’s Implementation of C-SHARP [2].

Theme Characteristic

Implementation

Critical Reflection Investigation-Like

Multisolution-Based

Situated in Context Place
Time
Hands-on Learner Empowerment

Activity/Participation
Collaboration With Others
Risk/Novel Problems Novel Experience

Challenge

Spontaneity/Unpredictability

Pragmatic/Purposeful Inquiry-Based

Co-Construction of Meaning

Acrovision spells’ abilities essentially
serve as clues; the player can also examine
and reflect on artifacts during “Museum
(Artifacts Review)”

Not currently, but incorporating the re-
maining cognitive tasks would allow the
player to respond in different ways

The game features typical places you
would expect in a medieval fantasy setting
Medieval times, albeit heavily fictional-
ized to provide a fantasy setting

The player can select which course and
module’s mnemonics will be used, as well
as set their HP from 1 to 5

The ranking system demonstrates this in
the form of indirect competition
Continuously using different words as at-
tacks can be considered a novel concept
“Castle (Decoding)” is more complex than
the previous Quests, with very taxing
memory tests and more actions required to
take down an Elite Acronimp than a regu-
lar one

Each of the first three Quests provides a
new twist compared to the previous, and
the order of questions and answers is ran-
dom; the revelation about a villager ac-
cidentally summoning Acronimps by say-
ing their names just before “Museum (Ar-
tifacts Review)” is also a surprise twist in
the story

The player essentially needs to answer
questions based on content they entered
into the SAVE Tool

Not currently, but including a chat func-
tion and a mnemonic sharing function
would achieve this
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Table 5: User requirements survey items (* indicates that the item was reversed during analysis) [3].

Item Name Item Statement

Ease of Creation I find it easy to create helpful mnemonics on my own.

Challenge of Creation I find it challenging to create useful mnemonics on my own.*

Study I find mnemonics useful in my study.

Learning I find mnemonics helpful in my learning.

Retention My use of mnemonics helps me retain learned content long term.

Recall My use of mnemonics helps me recall learned information.

Knowledge My use of mnemonics enhances my knowledge.

Passing My use of mnemonics helps me pass memorization-intensive
courses.

Creation Tool If a professor in one of my memory-intensive courses provides

an interactive tool that makes it easy for me to create mnemonics
that enhance my learning and recall, I will use the tool.

Retrieval Practice Tool If a professor in one of my memory-intensive courses provides
an educational game that helps me rehearse retrieval of the target
information of the mnemonics that I have created, I will use (play)
the game to enhance my learning and recall.

on a 7-point Likert Scale, with 1 for “Strongly Disagree” and 7 for “Strongly Agree.”

In addition, we also conducted qualitative analysis on how users of mnemonics tools would like for
them to be. We asked participants “What feature(s) would you like the tool that helps you create your own
mnemonics to have?”, referring to the SAVE Tool, and “What feature(s) would you like the educational
game that allows you to practice retrieval of the target information using mnemonics to have?”, referring to
the RADAR game. Both can also involve feelings about mnemonics in general. Looking at the responses,
we created various categories and counted the responses that referred to each one. In particular, we created
mnemonic-based categories named Meaningfulness, Humour, and Relevance to Topic, which had a consid-
erable number of relevant responses and were also important factors to consider when creating a memorable
mnemonic. We also created RADAR-based categories named Repetition, Interactive, Progress Tracking,
Straightforward, Visuals, Fun, Feedback, Matching-Based, and Rewards, which also had a considerable
number of relevant responses and were important factors to consider during game creation. Sarah Ejaz and
I each worked individually and then resolved disagreements, keeping track of the Cohen’s Kappa for each

category.

3.6 Game Evaluation

As previously stated, the seventh stage involves evaluating the solution created in the sixth stage with target
users. In this particular case, my Acronimps game was tested with students in an effort to compare its success

with those of rote memorization. Further details are provided below.
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3.6.1 Apparatus

The implementation of my Acronimps game is mobile-based. However, the various surveys and tests are on
Google Forms with response data being saved on Google Sheets, and the SAVE Tool may be accessed on
various types of devices. Monetary compensation was provided through Interac e-Transfer. In addition, R

was used to analyze the data.

3.6.2 Participants

A screening survey was given out to students of any field through the graduate students email mailing list,
while posters were put up on campus to get the attention of additional students. Oyibo [6] stated that there
were to be 2 participant groups, each with n = 25 participants, leading to a total of n = 50. However, we
got 1 group with 23 participants and another group with 32; the difference in number was because some
participants in the latter group appeared to heavily favour the Acronimps game over the SAVE Tool (which
I will explain later), did not take the experiment seriously, or they had special needs that could not be

accommodated by us. Participants were each paid $50 for the experiment.

3.6.3 Experiment Design

The design of the experiment is 2 group conditions (rote memorization vs. mnemonics with SAVE Tool and
Acronimps game) X 2 tasks (recall vs. recognition) X 3 repeated memory tests (immediate vs. delayed vs.
post-revision) X 6 topics (Cranial Nerves vs. Cranial Nerve Functions vs. Biological Organization Levels
vs. Biological Organization Disciplines vs. Krebs Cycle Substrates vs. Krebs Cycle Reactions). Figures Al,
A2, A3, and A4 in Appendix A show the exact slides we used to explain these topics to participants.

3.6.4 Procedure

Before explaining the study, I will explain the content that all participants needed to learn, as well as the
mnemonics that were provided to the experimental group. Table 6 shows the mnemonics for the Krebs
Cycle Substrates (KS) and Reactions (KR). For the reaction in row n, the substrate in row n undergoes it
and gets converted to the substrate in row n+ 1. Table 7 shows the mnemonics for the Cranial Nerves
(CN) and Functions (CF). The mnemonic for CF is adapted from the popular mnemonic “Some Say Marry
Money, But My Brother Says Big Brains Matter More” in the gray literature. For the nerve in row n,
its corresponding function is also in row n. Table 8 shows the mnemonics for the Biological Organization
Levels (BL) and Disciplines (BD). For the level in row n, the discipline that studies it is also in row n. Figures
A5, A6, and A7 show the exact slides we used to explain these mnemonics to participants. When creating
the mnemonics, we had to consider a trade-off between short and simple mnemonics that were easier to
memorize but had less orthographic and/or semantic similarity (i.e., similar spelling and/or meaning) [121]
to the topic/information on one hand, and long and complex mnemonics that were more difficult to memorize
but had more orthographic and/or semantic similarity to the target topic/information on the other hand. We
decided to use the latter since they could help participants avoid mixing up which target information is

for which topic. For example, “Oldfactory Optician’s Oculi Trouble Trigonometrically, Abductor’s Facial
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Table 6: Mnemonics for Krebs Cycle Substrates and Reactions. Licensed under CC BY-NC-SA.

Substrate Mnemonic Reaction Mnemonic
Acetyl CoA Acetic Condensation Condemned
Citrate City Isomerization Isometrician
(exerciser)
Isocitrate Isobel’s Oxidative Oxton (name)
decarboxylation
Ketoglutarate Kettle gluttonously Oxidative Overloaded
decarboxylation
Succinyl CoA Succinctly Phosphorylation Pharoah’s
Succinate Sucks Oxidation Ox (with)
Fumarate Fumy Hydration Hydraulic
Malate Malt Oxidation Oxide
Oxaloacetate Oxaloacetic

Vestibule Glossing pharyngeally Vagina Accessory Hypoglossal” has higher orthographic similarity to the
CN terms than the well-known “On Old Olympus’ Towering Top, A Finn And German Viewed Some Hops,”
as well as higher semantic similarity (being about nerves instead of Olympus) [121]. Longer mnemonics
with terms sharing several initial letters with their target terms can help participants remember the target
terms themselves or least obtain more partial marks. All six of our mnemonics have plenty of terms sharing
more than just the first letter of their respective target terms; some mnemonic terms are their own target
terms, such as “Motor” for CF and “Cell” for BL.

We perceive the following topics as simple: BL (because many of terms have been studied in elementary
school), and BD (because many of its terms are commonly known and/or relate closely to their respective BL
terms, such as “Anatomy” being mentioned a lot in everyday life and “Cellular Biology” relating to “Cell”).
Conversely, we perceive the following topics as difficult: CN (with complex words such as “Vestibulo-
cochlear” and “Glossopharyngeal”), CF (for having detailed functions despite us only requiring “Sensory,”
“Motor,” or “Both”), KS (with complex words such as “Ketoglutarate” and “Oxaloacetate”), and KR (with
complex words such as “Oxidative Decarboxylation” and “Phosphorylation”). Though this may be subjec-
tive, we decided to back it up by asking participants to answer the question “I knew the topic, (name of
topic), prior to taking the experiment” for each topic on a 7-point Likert Scale (1 for “Strongly Disagree,” 7
for “Strongly Agree”). For each topic, we calculated each group’s average familiarity score, which ranges
from 1 to 7. We created a graph of the two groups’ familiarity scores for all six topics, which is shown in
Section 4.2.2.

As part of the study, participants were tested on these topics, but not their corresponding mnemonics,
though the mnemonics are certainly intended to help the experimental group. Participants first needed to
recall all terms for each topic in order, by typing them without aid. Next, they engaged in multiple-choice
questions and needed to recognize the correct answer among each set. Table 9 shows the recognition ques-
tions for Cranial Nerves and Functions, as well as their four possible answers. Table 10 shows the recognition
questions for Biological Organization Levels and Disciplines, as well as their four possible answers. Table

11 shows the recognition questions for Krebs Cycle Substrates and Reactions, as well as their four possible
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Table 7: Mnemonics for Cranial Nerves and Functions. Licensed under CC BY-NC-SA.

Nerve Mnemonic Function Mnemonic
Olfactory Oldfactory Sensory Seers
Optic Optician’s Sensory Say
Oculomotor Oculi (eyes) Motor Move
Trochlear Trouble Motor Motor
Trigeminal Trigonometrically, Both But
Abducens Abductor’s (Ab doctor’s) Motor Motorist
Facial Facial Both Bosses
Vestibulocochlear Vestibule (eyes) Sensory Say
Glossopharyngeal Glossing pharyngeally (near the neck) Both Big
Vagus Vagina Both Brain
Accessory Accessory Motor Matters
Hypoglossal Hypoglossal (unshiny) Motor Most

Table 8: Mnemonics for Biological Organization Levels and Disciplines. Licensed under CC BY-NC-SA.

Level Mnemonic Discipline Mnemonic
Atom At Chemistry Chemist
Molecule Moldova’s (country sandwiched Molecular Biology Mollahs (experts)

between Romania and Ukraine)

Organelle Original Cellular Biology (Cytology) Callout

Cell Cell, Cellular Biology (Cytology) Cellular

Tissue Tutsi Histology Historians

Organ Organized Anatomy Analyzing

Organ System Organic Physiology Physical

Organism Orgy Biology Bones

Population Popular, Population Biology Populating

Community ~ Commanding Community Ecology Compton (Hip-Pop
city in California),

Ecosystem Economic Ecology Echoing

Biosphere Boom Biogeography Bigotry
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Table 9: Recognition questions for Cranial Nerves and Functions.

Question

Answers (With First One Correct)

Cranial nerves play roles in all EXCEPT:

Where are the cranial nerves located in the ner-
vous system?

Which of these is TRUE about cranial nerves?

Digesting food, Smelling, Seeing, Moving the
face

Peripheral nervous system, Central nervous sys-
tem, Autonomic nervous system, Somatic ner-
vous system

They transmit sensory and motor information be-

tween the brain and upper body, They originate
in the spinal cord, They control digestion, They
mostly regulate hormone release

Accessory nerve, Optic nerve, Facial nerve,
Trigeminal nerve

Sensory and Motor, Motor, Sensory, Autonomic
Motor, Sensory, Motor and Sensory, Autonomic

Which cranial nerve does not originate from the
brain?

The glossopharyngeal nerve is best described as:
Which function does the hypoglossal nerve
serve?

The vestibulocochlear nerve has what type of
function?

The trochlear nerve is primarily responsible for:

Sensory, Motor, Sensory and Motor, Autonomic

Motor control, Taste, Smell, Balance

answers. Recognition was done after recall because doing it first would show participants some of the correct
answers for recall and thus decrease the time between seeing them and needing to type them without aid.
Moreover, participants will need to complete surveys at the end. Ten of the questions (grouped into five
pairs) from the UX survey were involved in the scope of this study. Participants will need to express on
a 7-point Likert Scale (1 for “Strongly Disagree,” 7 for “Strongly Agree”) how much they agree with the
following ten statements: “I find the steps to use the Acronimps game easy to follow” and “The Acronimps
game was confusing to use” (for the variable named Perceived Ease of Use, or PEOU), “I found the Acron-
imps game useful to learn memory-intensive course content” and “The Acronimps game will help me to
prepare for memory-intensive course exams” (for Perceived Usefulness, or PU), “I found using the Acron-
imps game enjoyable” and “I did not find using the Acronimps game fun” (for Perceived Enjoyment, or PE),
“The Acronimps game is trustworthy” and “I think the Acronimps game does not have my best interest in
mind” (for Perceived Trustworthiness, or PT), and “The features of the Acronimps game convince me to
adopt it to study for a memory-intensive course exam” and “The features of the Acronimps game motivate
me to use it in my future memory-intensive courses” (for Willingness to Adopt, or WTA). These questions
were adapted from a paper on COVID Alert [122], while the variables they are associated with (Ease of
Use, Usefulness, Enjoyment, and Willingness to Adopt), were adapted from the HUED-CUP UX frame-
work [123]. Demographic information was also collected from each participant, though we did not analyze
whether there were any correlations between them and test scores. For year of study, any response other than
“Ist year,” “2nd year,” “3rd year,” “4th year,” “Master’s,” or “PhD,” which are the typical years of study in
university, was listed as “Other.” Likewise, for course of study, any response other than “Computer Science,”
“Psychology,” or “Biology,” which were the three courses involved in our study, was listed as “Other.” Fig-

ures B1 to B6 (in Appendix B) show distributions among the control and experimental groups for gender,
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Table 10: Recognition questions for Biological Organization Levels and Disciplines.

Question

Answers (With First One Correct)

Which level describes a single living being made
of organ systems?

What is a group of different species living to-
gether in one place?

What do you call a group of organisms of the
same species in one area?

Which Ilevel includes specialized structures
within a cell?

Which discipline studies groups of similar cells?
Which field studies organelles like mitochondria
and chloroplasts?

Which discipline studies groups of the same
species in one area?

Which discipline focuses on systems like the res-
piratory system?

Organism, Organ, Tissue, Population
Community, Population, Organism, Biosphere
Population, Community, Ecosystem, Organism
Organelle, Tissue, Molecule, Organ

Histology, Anatomy, Cellular Biology, Ecology
Cellular Biology, Histology, Anatomy, Molecu-
lar Biology

Population Biology, Community Biology, His-
tology, Cellular Biology

Physiology, Anatomy, Ecology, Molecular Biol-

ogy

Table 11: Recognition questions for Krebs Cycle Substrates and Reactions.

Question

Answers (With First One Correct)

What is required for the cycle to repeat?

Which substrate is the direct precursor to
Malate?

What is a key byproduct when Isocitrate is oxi-
dized?

What is the product of the hydration of Fu-
marate?

Which step produces ATP?

What transformation happens when Succinate
becomes Fumarate?
What happens to Malate in Step 87

What happens to Succinyl-CoA in Step 5?

Regeneration of Oxaloacetate, Production of
FADH2, Release of CO2, Presence of Malate
Fumarate, Succinate, Citrate, o.-Ketoglutarate

Citrate, FADH2, ATP, CO2
Malate, Oxaloacetate, Citrate, Succinyl-CoA

Oxidation of Isocitrate, Conversion of Malate
to Oxaloacetate, Conversion of Succinyl-CoA
to Succinate, Formation of Citrate from Acetyl-
CoA
Oxidation,
boxylation
It is oxidized to regenerate Oxaloacetate, It un-
dergoes phosphorylation to form ATP, It is hy-
drated to form Citrate, It is decarboxylated to
produce Fumarate

It is phosphorylated to produce Succinate and
ATP, It is oxidized to produce NADH, It under-
goes hydration to form Malate, It combines with
Oxaloacetate to form Citrate

Isomerization, Hydration, Decar-
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age, year of study, course of study, race or ethnicity, and average grades. They only include demographics
of participants who provided demographics and were not excluded from performance analysis (explained in
Section 4.2.3. While some demographics were relatively balanced, such as average grades in both groups,
others were rather unbalanced, such as the predominance of South Asians in both groups.

Now I will explain the study itself in full detail. As shown in Figure 11, in Part 1 of the study, all
participants were first given details on the study and asked to sign a consent form whose link was sent
through email; this took up to 10 minutes. Next, they performed different actions depending on which
group they are in. (1) The control group watched a 10-minute lecture on Biology topics before spending 45
minutes reading a physical version of the slides and taking notes as they saw fit. (2) The experimental group
watched a 10-minute training video on using the SAVE Tool. Here, the topic was Big Five Personality Traits
(Openness, Conscientiousness, Extraversion, Agreeableness, and Neuroticism) and the provided mnemonic
was “Open Container Exited Algeria’s Nuke.” The participants then spent the next 10 minutes using the
SAVE Tool and entering this mnemonic’s artifacts. They accessed the SAVE Tool through a link we sent
through email; we also sent the images they needed in a folder attached to the email. Next, they watched a
10-minute training video on using the Acronimps game with the same mnemonic (I removed the minimum-
five-mnemonics requirement for the experiment) and spent the next 10 minutes playing it themselves. They
accessed the game through a link to an apk file (for Android) or through scanning a QR code and playing it
on Expo Go, which they were told to download before the session (for iOS or Android). They then watched
the same 10-minute Biology lecture as the control group, before reading the physical version for 10 minutes
and spending 35 minutes practicing the Biology mnemonics with the SAVE Tool and Acronimps game as
they saw fit. When using the SAVE Tool to study, all they had to fill in for the Biology mnemonics were
the mnemonic terms, as all the other details of each mnemonic were provided by us to save time. Because
some of the first few participants in the experimental group heavily ignored the SAVE Tool in favour of the
Acronimps game and then did very poorly on the test, we asked all the participants afterwards to use the
SAVE Tool first and then test themselves on recalling at least half of the target information right on paper or
a device without aid. Once they did so, they could move on to the Acronimps game. For both groups, when
their preparation time was up, they took a 5 minute break before being presented with a test (whose link was
provided through email) on the Biology lecture, which lasted up to 45 minutes and tested their immediate
memory. We will call this test T1. The test’s recall section involved recalling each of the six topics’ target
information as shown in Tables 6, 7, and 8 (not the mnemonics, as stated before). The recognition section
involved selecting the correct answers to the questions shown in Tables 9, 10, and 11. They all completed
a quick demographic survey afterwards, with the experimental group also taking UX surveys on the SAVE
Tool and Acronimps game. The total time for the surveys (whose links were provided through email) was
10 minutes, though it was not strict and never needed to be enforced.

As shown in Figure 12, in Part 2 of the study, the participants also returned approximately one week
after the day they did Part 1. We chose one week since Murre and Dros [124] confirmed that memory of
given information can decline considerably over a week; though the decline starts fast, it slows down later,
and we wanted to give participants time to incorporate their return to the lab into their schedule. Both groups

were first given details on the study and asked to sign a consent form; this took up to 10 minutes. They

32



CONTROL GROUP

Introduction RS O 5mins later
and PowerPoint slide deck Test based on

t Video |eCtUrE\ \
consen Training to use / Training to use e Preparation for test using video leciure
usin
form SAVETool / RADAR game A SAVE Tool and RADAR game

EXPERIMENTAL GROUP

DM and UX
Surveys

10 mins
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Figure 12: Part 2 of the study.

then took the same test as the one they took in Part 1, once again for up to 45 minutes, to test their delayed
memory. We will call this test T2. Afterwards, the control group took 15 minutes to read the physical
version of the Biology lecture slides while the experimental group took 15 minutes to practice mnemonics
with the SAVE Tool and Acronimps game. During the 15-minute preparation, the experimental group was
once again told to use the SAVE Tool first before playing the Acronimps game. However, they simply had to
view the information that they typed in Part 1 (or fill in any incomplete spots), and they did not need to test
themselves on the target info. Both groups then spent up to 45 minutes taking the same test a third time to
test how effective their respective methods are at refreshing their memory. We will call this test T3. After T3,
the experimental group took UX surveys on the SAVE Tool and Acronimps game immediately afterwards.
Both groups concluded with an exit survey. Once again, the total time for the surveys was 10 minutes but it
was not strict.

Because there are many possible answers for the recall section of the test, we needed to clean the data
first. On Google Sheets, we inserted empty rows between response rows to contain either blanks, Os, or 1s.
For each individual answer, we used the following rules:

* If there are alphabetic cues at the beginning of the response that maps to the correct answer, e.g.,
“Hydr” (in the response) and “Hydration” (full correct answer), leave the response unchanged and
leave a blank underneath.

* If there is a word or part of a word in the response that maps to the correct answer which is a phrase,

e.g., “Ecology” (response) and “Community Ecology” (correct answer), leave the response unchanged
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and leave a blank underneath.

* If the response is the correct answer presented in another way, change the response to the correct
answer and input a 1 underneath. The 1 is meant to signify a positive modification to the answer
due to feeling that the participant likely understands the deeper meaning of the correct answer. For
example, if the correct answer is “Optic” (in the context of Cranial Nerves) and the participant typed
“Optic nerve,” remove “nerve” and input a 1 underneath. Similarly, for the optic nerve’s function,
which should be “Sensory,” if the participant typed “Vision,” change it to “Sensory” and input a 1
underneath because they have went above and beyond.

* If the response has coincidental alphabetic cues not at the beginning of the word/phrase (response)
matching the answer, e.g., “Condensation” (response) and “Isomerization” (correct answer), or “Ecol-
ogy” and “Biology,” replace the answer with a 9 (because no question’s correct answer contains num-
bers) and input a 0 underneath. The 0 is meant to signify a negative modification to the answer due to
feeling that the participant is not on the right track at all. Do the same thing if there are no cues at all,
e.g., “N/A” (response) and “Motor” (correct answer).

* For CF, BD, and KR, the correctness of participants’ responses depends on what they typed for CN,
BL, and KS respectively. If a response in position n for CF/BD/KR is not associated with the n-th
response for CN/BL/KS (e.g., they said “Olfactory” first for CN and “Motor” first for CF when the
latter should be “Sensory”), replace the n-th response for CF/BD/KR with a 9 and put a O underneath.
If the n-th response for CN/BL/KS had already been converted to a 9, then use what the correct answer
should be for comparison.

Because each participant needed to do a total of three tests (T1, T2, and T3), and there are two par-
ticipant groups, there are a total of six distinct tests (albeit with the same set of questions). For each test’s
recall section, Sarah Ejaz and I each cleaned the data individually, and afterwards we compared our results.
Because Cohen’s Kappa can only be done with two different values, we calculated three types of Cohen’s
Kappa values based on different pairwise comparisons: 0 vs. 1 or blank, 1 vs. 0 or blank, and blank vs. 0
or 1. We also resolved the disagreements themselves to create a definitive data sheet that was involved in the
data analysis. In addition, for each type of Cohen’s Kappa, we created a table containing each participant’s
three Cohen’s Kappa values (one for each test they took) and calculated the average. We also calculated the
average of each of the six distinct tests. We then calculated the average of test averages and the average of
participant averages; the two are not necessarily equal due to the existence of blanks caused by each partic-
ipant only doing up to three out of six distinct tests. In total, there are six overall averages (i.e., averages of
averages) that needed to be considered.

In the data analysis itself, we used orthographic similarity to determine each individual answer’s score.
Oyibo [125] advised to use orthographic similarity to eliminate subjective judgment, especially in cases
where participants’ answers seem to be misspelled versions of correct answers. Orthographic similarity
ignores semantics and focuses on correct spelling to provide a score between 0 and 1 inclusive. Our partic-
ular method is Levenshtein distance, which is the minimum number of edits (e.g., replacements, deletions)
needed to reach the correct answer; more edits result in lower scores. However, because some participants

misinterpreted the answers and format we desired but still made it clear they fully understood the meaning of
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the answer, we needed to positively modify this answer and input a 1 underneath. An example would be the
aforementioned “Vision” against “Sensory” for the optic nerve; vision was explicitly stated as the exact func-
tion for it, so it would be unfair to give them a non-perfect score for it, let alone consider them completely
wrong. Conversely, because those who provided an answer that happens to share letters with the correct
answer but is clearly not on the right track should not receive partial marks for this sort of coincidence, we
needed to replace their answer with a 9 and input a O underneath. An example would be if they said “Motor”
when the correct answer is “Sensory;” both contain “or” near the end but are completely different concepts.
Without our intervention, they would have received partial marks for “or.” Order also matters during score
calculations. For example, the first response for CN will be compared against “Olfactory.” However, we
did not replace responses in the wrong position with a 9 beforehand, so as to allow participants to receive
minimal but non-zero marks for providing what would possibly be mapped to a correct answer in another
position. For example, if a participant said ”Optic” first for CN instead of second as it should have been, we
would leave it because it is a correct answer for another position in CN and so the participant can receive
a small amount of marks from sharing “O” with “Olfactory.” Note that this only applies to CN/BL/KS; as
stated before, CF/BD/KR depends directly on CN/BL/KS.

For each task of each test, each participant would have an individual mean, and there would be a mean
of these means. However, participants who missed all three of their tests, mistook them as open-book (as we
did not think to invigilate during the very beginning of our study), seemed to not take the study seriously,
or seemed to have special needs we could not accommodate were excluded from the analysis. In addition,
whenever a participant missed a task of a particular test but still submitted responses in at least one task of at
least one test, or heavily favoured the Acronimps game over the SAVE Tool during preparation, they would
simply receive their group’s mean (ignoring their own score) for the particular task. Moreover, those who
received a score of less than 0.1 for either of their T1 tasks or less than 0.2 for either of their T3 tasks for
unclear reasons were considered outliers and received their group’s mean (ignoring their own score) for the
particular task. The reason why we did this replacement in these situations was because the rest of their data
did not look out of the ordinary, so we did not want to let what was possibly an outlier non-indicative of
their typical behaviour skew results, and we did not want to disregard all their data. We also chose 0.1 as
a threshold for T1 based on heuristics from seeing that most participants’ scores were considerably above
that, and simply removing particular scores instead of using a threshold could lead to accusations of “cherry
picking.” 0.2 was chosen for T3 because we saw and anticipated that participants would score higher on
T3 than T1, so we once again used heuristics. We had no threshold for T2 because we saw and anticipated
that participants would score the lowest on T2; we would not be surprised to see someone forget the content
altogether in the one-week gap. With every test’s task’s mean established, we then performed a four-way
RM-ANOVA analysis involving task, condition, topic, and time. We performed post-hoc analyses for any
main effects and simple effects, as well as one-way ANOVAs for any interactions. We also performed three-
way RM-ANOVA analysis based on each task, as well as post-hoc analyses for any main effects and simple
effects, alongside one-way ANOVAs for any interactions. Some of the resulting tables and figures would be
used to show whether our hypotheses are supported, which would be elaborated on in Section 5.

For the UX questions, because their responses involved a 7-point Likert Scale, we averaged the two
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scores (from the two questions) from each participant for each variable at each time. For negative questions,
we subtracted the actual score from 8 to get the score for a positive version of the question. We then
categorized averages above 4 as “Agree,” 4 as “Neutral,” and less than 4 as “Disagree.” We created response
distributions for each variable at each time based on these three categories. For each variable, we also
compared each time’s uncategorized distribution (i.e., still involving 1 to 7) to a randomly generated normal
distribution with the same number of data points (n = 30), mean of 4, and standard deviation of 1; we hoped
to find a significant difference between the normal distribution and the actual one to statistically validate our
UX-related hypotheses.

The data analysis and visualizations used some of the same tools as those in a previous paper that Oyibo
wrote about dark patterns [126]. In particular, we used several libraries in R. We used the “ggplot2” library
[127] to create the graphs shown in this paper. Since our data was not normal, we used the “ARTool” library

[128] to perform the Aligned Rank Transform for Non-parametric Factorial Analyses [129].
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4 Results

In this section we present the results of the user requirements survey and game evaluation study. For the
former, we present graphs comparing the mean scores for each item in Table 5 among a group that prefers
professor-created mnemonics and a group that prefers self-created mnemonics, as well as a table showing
the count of themes elicited from the qualitative analysis. For the latter, we present a table of Cohen’s Kappa
values showing the level of inter-rater reliability with respect to the experiment data coding, topic familiarity
scores for the control and RADAR groups, group-specific cognitive performance scores for each topic, and
various ANOVA tables.

4.1 User Requirements Survey

Of the 122 participants, 46 (37.70%) said “I prefer mnemonics created by the professor over mine” (we will
refer to them as “Prof” for convenience, 62 (50.82%) said “I prefer mnemonics created by myself over those
created by my professor” (referred to as “Self”), and 14 (11.48%) said “I do not like using mnemonics;”
regarding the items listed in Table 5, we compared each of the Prof and Self groups’ mean scores. As shown
in Figure 13 [3], Ease of Creation and Challenge of Creation were grouped into the Expectancy category.
Study, Learning, Retention, Recall, Knowledge, and Passing were grouped into the Value category. Creation
Tool and Retrieval Practice Tool were grouped into the Adoption Category. The Self group expressed greater
agreement with the Value items, Ease of Creation, and the reversal of Challenge of Creation. Conversely,
they expressed slightly less agreement with the Adoption items. For Ease of Creation and the reversal of
Challenge of Creation, the Prof group had scores below the neutral value of 4, while the Self group had
scores above the neutral value. For the Value and Adoption items, both groups consistently had scores above
the neutral value.

Table 12 shows the participant count and Cohen’s Kappa for the notable categories formed during quali-
tative analysis. Visuals and Fun have a particularly high number of relevant responses, with 15/122 (12.30%)
participants. Straightforward has the lowest, with 3/122 (2.46%). Also, the Cohen’s Kappa values are rather

varied, from 0.6541 (for Relevance to Topic) to 1 (for numerous categories such as Meaningfulness).

4.2 Game Evaluation Study

In this section we present the results of the game evaluation study. First, we present inter-rater reliability
tables showing the various averages for each of the three types of Cohen’s Kappa values. Then, we present
the mean scores for topic familiarity. Next, we present graphs showing cognitive performance in each group
with regards to task, time, and topic. Then, we present overall descriptive statistics. Afterwards, we present
a table showing the results of a four-way RM-ANOVA involving condition, task, topic, and time; we also
present three-way RM-ANOVAs for recall and recognition involving condition, topic, and time. Finally, we
present tables and graphs corresponding to each hypothesis and show whether it is supported with significant

differences.
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Figure 13: Graphs showing mean scores for each item among the Prof group and the Self group [3], with error bars
showing standard deviation and dotted line showing neutral value in range 1 to 7.

Table 12: Thematic analysis of participants’ comments in pre-system-design user study; categories arranged in de-
scending count order within each type.

Type Category Count (%) Cohen’s Kappa

Mnemonic-Based Meaningfulness 6 (4.91%) 1.0000
Relevance to Topic 6 (4.91%) 0.6541
Humour 5 (4.10%) 0.7421

RADAR-Based Visuals 15(12.30%) 0.8751
Fun 15 (12.30%) 0.8751
Interactive 10 (8.20%) 0.9429
Repetition 10 (8.20%)  0.9429
Progress Tracking 6 (4.91%) 0.9048
Feedback 5 (4.10%) 1.0000
Rewards 5 (4.10%) 1.0000
Matching-Based 4 (3.28%) 1.0000
Straightforward 3(2.46%) 1.0000
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4.2.1 Inter-Rater Reliability

Table 13 shows each group’s test average for each of the three types of Cohen’s Kappa at each timepoint.
While the majority of values are above 0.9000, the T1, T2, and overall values for the control group regarding
“l vs. Other” range from 0.7877 to 0.8418. In addition, Tables C1 (0 vs. other), C2 (1 vs. other), and
C3 (blank vs. other) in Appendix C.1 show the inter-rater Cohen’s Kappa score for the coding of each
participant’s recall-based responses at all three timepoints, respectively.

Table 13: Inter-rater Cohen’s Kappa scores for recall-based responses at all three timepoints. C: Control, R: RADAR,
T1: Time 1, T2: Time 2, T3: Time 3, OV: Overall

C R
Type Tl T2 T3 oV T1 T2 T3 oV
0 vs. Other 0.9494 0.9431 0.9492 0.9472 0.9513 0.9480 0.9697 0.9563
1 vs. Other 0.8153 0.7877 0.9223 0.8418 0.9644 0.9834 0.9360 0.9613
Blank vs. Other  0.9379 0.9413 0.9760 0.9517 0.9469 0.9583 0.9747 0.9600
Average 0.9009 0.8907 0.9492 0.9136 0.9542 0.9632 0.9601 0.9592

4.2.2 Topic Familiarity

Figure 14 shows that only BL and BD, the only topics which we had considered simple, have familiarity
scores no less than 3.42 for both groups. Meanwhile, the other four topics, which we had considered difficult,
all have familiarity scores no greater than 2.73 for both groups. For each topic, both groups had scores below
the neutral value 4, except BL in which the RADAR group had a score of 4.10. For all topics, the RADAR
group had a higher score than the control group, with the difference being most prominent in KS.

4.2.3 Cognitive Performance

In this section, we present graphs showing the mean performance for each group with regards to task, time,
and topic. We also present a four-way RM-ANOVA table involving condition, topic, time, and task, as well
as three-way RM-ANOVA tables for each task involving condition, topic, and time. In addition, we present

various one-way ANOVA tables to determine whether our hypotheses are supported.

Visualization of Cognitive Performance: Figures 15 and 16 show each group’s score for each topic at each
time and overall, for recall and recognition respectively. For recall, the vast majority of the RADAR group’s
scores are higher than their corresponding control group scores, with a few exceptions, such as BD for T1.
For recognition, there are far more occasions in which the RADAR group had a lower score than the control
group. In addition, for recall, the scores in T2 are generally visibly much lower than those in T1 and T3. For
recognition, this is not the case.

Figure 17 shows each group’s score for each task at each time. For recall, the RADAR group visibly has
a higher score than the control group at all three times. For recognition however, while the RADAR group

starts off with a higher score than the control group at T1, it ends up having lower scores than the control
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Figure 14: Mean familiarity scores across topics for the control and experimental groups, with error bars showing
standard deviation and dotted line showing neutral value in range 1 to 7. C: Control, R: RADAR, BL: Biological
Organization Levels, BD: Biological Organization Disciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves,
KR: Krebs Cycle Reactions, KS: Krebs Cycle Substrates.

group at T2 and T3. Yet for all three times, the gap between the recognition scores for the two groups is

smaller than the gap between the corresponding recall scores for the two groups.

Overall Descriptive Statistics: For each time a particular group performed a particular task, we also present
how many participants did so, as well as the mean, standard deviation, median, min, max, range, skew,
kurtosis, and standard error. The statistics are all shown in Table 14. Note that C has n = 22 even though
I had stated there were 23 participants in the control group; this is because one such participant seemed to
have mistaken the test as open-book based on having so many perfect answers suddenly followed by multiple
“N/A” answers as if they spent so much time searching for answers and then ran out of time. R has n = 30
even though I had stated there were 32 participants; one participant had to leave for an emergency before
reaching T1 and they did not return, while another could not complete the tests properly within the allotted

time (they had visibly rushed as time ran out). All three of these participants were excluded from analysis.

Four-Way RM-ANOVA: The result of the four-way RM-ANOVA shows that there is a main effect of topic
[F(5,1750) = 46.44, p < 0.001], time [F(2,1750) = 111.87, p < 0.001], and task [F(1,1750) = 129.28,p <
0.001]. There are also interactions between condition and topic [F(5,1750) = 4.69, p < 0.001], condition
and task [F(1,1750) = 15.21, p < 0.001], topic and task [F(5,1750) = 26.75, p < 0.001], and time and task
[F(2,1750) =44.31,p < 0.001] (Table 15).

There is no need for a task-based post-hoc analysis because there are only two different tasks: recall
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Figure 15: Mean recall scores for the specific topics at the three points in time and overall, with error bars showing
standard deviation and dotted line showing neutral score in range 0 to 1. C: Control, R: RADAR, BD: Biological
Organization Disciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves, KR: Krebs Cycle Reactions, KS: Krebs
Cycle Substrates.
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Figure 16: Mean recognition scores for the specific topics at the three points in time and overall, with error bars
showing standard deviation and dotted line showing neutral score in range 0 to 1. C: Control, R: RADAR, BD:
Biological Organization Disciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves, KR: Krebs Cycle Reactions,
KS: Krebs Cycle Substrates.
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Figure 17: Overall mean scores of the remembering measure (aka recall - left) and understanding measure (aka recog-
nition - right) for the three points in time, with error bars showing standard deviation and range being 0 to 1. C: Control,
R: RADAR.

Table 14: Overall descriptive statistics. SD: Standard Deviation, SE: Standard Error, C: Control, R: RADAR.

Group n Mean SD Median Min Max Range Skew Kurtosis SE Time Task

C 22 045 023 041 0.16 087 070 0.30 -1.42  0.05 1 RCL
R 30 054 025 057 013 098 0.85 -0.16 -1.02 0.05 1 RCL
C 22029 022 032 0.00 065 0.65 0.16 -1.47  0.05 2 RCL
R 30 040 026 039 002 096 094 0.50 -0.62  0.05 2 RCL
C 22 064 024 058 024 099 0.5 0.06 -1.59  0.05 3 RCL
R 30 070 022 070 026 1.00 0.74 -030 -098 0.04 3 RCL
C 22 062 022 062 029 100 071 -0.09 -1.29  0.05 1 RCG
R 30 065 023 065 025 1.00 0.75 -0.19 -1.00  0.04 1 RCG
C 22 061 019 060 025 092 0.67 0.04 -1.13 0.04 2 RCG
R 30 059 019 059 029 096 0.67 0.09 -1.04  0.03 2 RCG
C 22 068 022 067 033 1.00 0.67 0.07 -1.37  0.05 3 RCG
R 30 066 0.19 066 029 096 0.67 -0.26 -0.81 0.03 3 RCG

(0.51) and recognition (0.64). As such, the aforementioned main effect of task [F(1,1750) = 129.28,p <
0.001] is clearly between these two. Tables C4 and C5 regarding the remaining main effects are shown in
Appendix C.3 due to not relating to our hypotheses.

Table C6 shows the interaction between topic and task; Table C7 shows the two task’s topic-based
pairwise comparison due to the simple effect of topic in the former table. These two tables are shown in
Appendix C.3 due to not relating to our hypotheses.

Table C8 shows the interaction between time and task; Table C9 shows the two tasks’ time-based pair-
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Table 15: Overall four-way RM-ANOVA. Df: Degrees of freedom, res: residual, PCode: Participant Code.

Term Error Df Dfres F-value p-value
Condition PCode 1 50 0.52 0.4728
Topic Within 5 1750  46.44  0.0000

Time Within 2 1750 111.87  0.0000

Task Within 1 1750  129.28  0.0000
Condition:Topic Within 5 1750 4.69 0.0003
Condition:Time Within 2 1750 2.08 0.1257
Topic:Time Within 10 1750 0.81 0.6198
Condition:Task Within 1 1750 15.21 0.0001
Topic:Task Within 5 1750  26.75  0.0000
Time:Task Within 2 1750 44.31 0.0000
Condition:Topic: Time Within 10 1750 0.93 0.5022
Condition:Topic:Task Within 5 1750 1.30 0.2609

Condition:Time:Task Within 2 1750 0.77 0.4616
Topic:Time:Task Within 10 1750 0.98 0.4551
Condition:Topic:Time:Task ~ Within 10 1750 0.68 0.7483

wise comparison due to the simple effect of time in the former table. These two tables are shown in Appendix

C.3 due to not relating to our hypotheses.

Three-Way RM-ANOVAs for Recall and Recognition: The result of the three-way RM-ANOVA for recall
shows that there is a main effect of topic [F(5,850) = 34.15, p < 0.001] and time [F(2,850) = 142.27,p <
0.001]. There is also an interaction between condition and topic [F(5,850) = 4.34,p < 0.001] (Table
16). The result of the three-way RM-ANOVA for recognition shows that there is a main effect of topic
[F(5,850) =44.72,p < 0.001] and time [F(2,850) = 7.82,p < 0.001] (Table 16).

Table 16: Overall three-way RMANOVAs for recall (middle) and recognition (right) individually based on condition,
time, and topic. Df: Degrees of freedom, res: residual, PCode: Participant Code.

Term Error Df Dfres F-value p-value F-value p-value
Condition PCode 1 50 1.87 0.1772 0.00 0.9446
Topic Within = 5 850 34.15 0.0000 44.72  0.0000
Time Within 2 850 142.27  0.0000 7.82 0.0004
Condition:Topic Within 5 850 4.34 0.0007 1.65 0.1455
Condition:Time Within 2 850 0.47 0.6282 2.64 0.0722
Topic:Time Within 850 0.77 0.6546 1.18 0.2991

—_ =
S O

Condition:Topic:Time  Within 850 0.64 0.7828 1.11 0.3519

Tables C10 and C11 show the two tasks’ topic-based and time-based pairwise comparisons respectively
due to the main effects of topic and time in Table 16. They are shown in Appendix C.3 due to not relating to
our hypotheses.

Tables C12 shows an interaction between condition and topic for recall; Table C13 shows the two
groups’ topic-based pairwise comparison for recall due to the simple effect of topic in the former table. They

are shown in Appendix C.3 due to not relating to our hypotheses.
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Table C14 shows an interaction between condition and topic for recognition; Table C15 shows the two
groups’ topic-based pairwise comparison for recognition due to the simple effect of topic in the former table.
They are shown in Appendix C.3 due to not relating to our hypotheses.

RADAR Vs. Control for Each Topic: Here, we show whether the Acronimps game leads to greater per-
formance in each of the six topics than the control condition. As seen in Table 17, the experimental group
has higher overall scores than the control group for CN (0.63 vs. 0.59) and CF (0.55 vs. 0.51), but neither
difference is significant (the former has p = 0.4863 and the latter has p = 0.2905). The hypotheses that
“R>C for CN and CF” are not supported (non-significant results), though the means follow their direction.
The experimental group has lower scores than the control group for BL (0.72 vs. 0.75) and BD (0.56 vs.
0.58), though neither difference is significant (p = 0.2308 for the former, p = 0.8178 for the latter). “R>C
for BL and BD” are not supported (non-significant results), and the means follow the opposite direction of
the hypothesis. The experimental group has a higher score than the control group for KS (0.57 vs. 0.42),
with the difference being significant p < 0.001. “R>C for KS” is supported. The experimental group has a
higher score than the control group for KR (0.51 vs. 0.44), but the difference is not significant (p = 0.0744),
although almost marginal. “R>C for KR” is not supported (non-significant results), though the means follow
the hypothesis’s direction. Table 18 follows up on Table 17 by showing the two groups’ topic-based pairwise
comparison due to the simple topic effect found there.

Table 17: One-way ANOVA based on condition and topic overall due to interaction between them in Table 15. C:

Control, R: RADAR, CN: Cranial Nerves, CF: Cranial Nerves Functions, BL: Biological Organization Levels, BD:
Biological Organization Disciplines, KS: Krebs Cycle Substrates, KR: Krebs Cycle Reactions.

One-way ANOVA at each level of condition

C R Condition Effect
CN 0.59 0.63 F(1,310) = 0.49,
p=0.4863
One-way B
ANOVA at CF 0.51 0.55 F(_1,03218())5_ 1.12,
each level of p=5
topic BL 0.75 0.72 F(1,310) = 1.44,
p=0.2308
BD 0.58 0.56 F(1,310) = 0.05,
p=0.8178
KS 0.42 0.57 F(1,310) = 13.72,
p =0.0003
KR 0.44 0.51 F(1,310) = 3.20,
p=0.0744

Topic  F(5,765) = 24.13, F(5,1045) = 16.25,
Effect p=0.0000 p=0.0000
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Table 18: Control’s and RADAR’s topic-based pairwise comparison overall with Tukey method familywise correction
due to the simple effect of topic in Table 17. SE: Standard Error, Df: Degrees of freedom, CN: Cranial Nerves, CF:
Cranial Nerves Functions, BL: Biological Organization Levels, BD: Biological Organization Disciplines, KS: Krebs
Cycle Substrates, KR: Krebs Cycle Reactions.

Contrast Score 1 Score 2 Estimate SE  Df t-ratio p-value Score 1 Score2 Estimate SE Df  t-ratio p-value
CN-CF 059 0.51 62.74 2258 765 278 0.0620  0.63 0.55 87.59 26.19 1045 334 0.0110
CN-BL 0.9 0.75 -99.27 2258 765 -440 0.0002  0.63 0.72 -83.10  26.19 1045 -3.17 0.0193
CN-BD 059 0.58 2377 2258 765 1.05 0.8997  0.63 0.56 7620  26.19 1045 291  0.0429
CN-KS 0.59 0.42 115.01 2258 765 5.09 0.0000 0.63 0.57 7221 2619 1045 276 0.0654
CN-KR 059 0.44 99.88 2258 765 442 0.0002  0.63 0.51 121.84  26.19 1045 4.65 0.0001
CF-BL 051 0.75 -162.00 2258 765 -7.17 0.0000  0.55 0.72 -170.70  26.19 1045 -6.52  0.0000
CF-BD 051 0.58 -38.97 2258 765 -1.73 05150  0.55 0.56 -11.40  26.19 1045 -0.44 0.9980
CF-KS 051 0.42 5227 2258 765 232 0.1892 055 0.57 -1539  26.19 1045 -0.59 0.9919
CF-KR 0.51 0.44 37.14 2258 765 1.65 0.5688  0.55 0.51 3424 2619 1045 131 0.7811
BL-BD 0.75 0.58 123.03 2258 765 545 0.0000 0.72 0.56 15930 26.19 1045 6.08  0.0000
BL-KS 0.75 0.42 21428 2258 765 9.49  0.0000 0.72 0.57 15531 26.19 1045 593  0.0000
BL-KR 0.75 0.44 199.15 2258 765 882 0.0000 0.72 0.51 20494  26.19 1045 7.82  0.0000
BD-KS 0.58 0.42 91.24 2258 765 4.04 0.0008 0.56 0.57 -3.99  26.19 1045 -0.15 1.0000
BD-KR 058 0.44 76.11 2258 765 337 0.0102 056 0.51 4564  26.19 1045 1.74  0.5039
KS-KR 042 0.44 -15.13 2258 765 -0.67 0.9852  0.56 0.51 49.63  26.19 1045 1.89  0.4059

RADAR vs. Control for Recognition and Recall at T1: Here, we show whether the Acronimps game
leads to greater performance in recognition and recall at Time 1 compared to the control condition. As seen
in Table 19 and Figure 17, the experimental group has a higher overall score than the control group for T1,
for both recall (0.54 vs. 0.45 with p < 0.05) and recognition (0.65 vs. 0.62 with p = 0.3460). “R>C for
RCG at T1” is not supported (non-significant results), though the means follow the hypothesis’s direction.
However, the hypothesis “R>C for RCL at T1” is supported.

Table 19: One-way ANOVA between condition and task with regards to T1. C: Control, R: RADAR, RCL: Recall,
RCG: Recognition.

One-way ANOVA at each level of condition

C R Condition Effect
One-way RCL 0.45 0.54 F(1,310) = 6.72,
ANOVA at p=0.0100
each level of
task RCG 0.62 0.65 F(1,310) = 0.89,
p =0.3460

Task  F(1,241) = 30.20, F(1,329) = 20.96,
Effect  p = 0.0000 p = 0.0000

RADAR vs. Control for Recognition and Recall at T2: Here, we show whether the Acronimps game leads
to greater performance in recognition and recall at Time 2 compared to the control condition. As seen in
Table 20 and Figure 17, for T2, the experimental group only has a higher overall score than the control group
for recall (0.40 vs. 0.29 with p < 0.01), but not for recognition (0.59 vs. 0.61 with p = 0.6188). “R>C for
RCG at T2” is not supported (non-significant results), with the means following the opposite direction of the
hypothesis. “R>C for RCL at T2” is supported.
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Table 20: One-way ANOVA between condition and task with regards to T2. C: Control, R: RADAR, RCL: Recall,
RCG: Recognition.

One-way ANOVA at each level of condition

C R Condition Effect
One-way  pcL  0.29 0.40 F(1,310) = 9.42,
ANOVA at p =0.0023
each level of
task RCG 0.6 0.59 F(1,310) = 0.25,
p=0.6188

Task  F(1,241) = 105.41, F(1,329) = 55.10,
Effect p=0.0000 p =0.0000

Table 21: One-way ANOVA between condition and task with regards to T3. C: Control, R: RADAR, RCL: Recall,
RCG: Recognition.

One-way ANOVA at each level of condition

C R Condition Effect
One-way RCL 0.64 0.70 F(1,310) = 1.26,
ANOVA at p=02627
each level of
task RCG 0.68 0.66 F(1,310) = 1.00,
p=0.3181

Task  F(1,241) = 621, F(1,329) = 1.67,
Effect p=0.0134 p=0.1966

RADAR vs. Control for Recognition and Recall at T3: Here, we show whether the Acronimps game
leads to greater performance in recognition and recall at Time 3 compared to the control condition. As seen
in Table 21 and Figure 17, for T3, the experimental group has a higher overall score than the control group
for recall (0.70 vs. 0.64 with p = 0.2627) but not recognition (0.66 vs. 0.68 with p = 0.3181). “R>C for
RCG at T3” is not supported (non-significant results), with the means following the opposite direction of
the hypothesis.“R>C for RCL at T3” is not supported (non-significant results), though the means follow the

hypothesis’s direction.

RADAR vs. Control for Recognition and Recall Overall: Here, we show whether the Acronimps game
leads to greater performance in recognition and recall overall (regardless of time) compared to the control
condition. Table 22 shows that there is no significant condition effect on recognition [F(1,934) = 0.08,p =
0.7815]. “R>C for RCG overall” is not supported (non-significant results), with the means following the
opposite direction of the hypothesis. However, there is a significant condition effect on recall [F(1,934) =
14.97, p = 0.0001], thus supporting “R>C for RCL overall.”

Difference Between RADAR and Control for Difficult Topics Vs. for Simple Topics: Here, we show

whether the difference between the two groups’ scores is greater in difficult topics than in simple topics
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Table 22: One-way ANOVA due to interaction between condition and task in Table 15. C: Control, R: RADAR, RCL:
Recall, RCG: Recognition.

One-way ANOVA at each level of condition

C R Condition Effect
One-way RCL 0.46 0.55 F(1,934) = 14.97,
ANOVA at p =0.0001
each level of
task RCG 0.64 0.63 F(1,934) = 0.08,
p=0.7815

Task  F(1,769) = 86.25, F(1,1049) = 30.45,
Effect p=0.0000 p=0.0000

overall and within both recognition and recall. As stated before, we consider BL and BD to be simple
topics while CN, CF, KS, and KR are considered to be difficult. Table 23 shows that on the overall level,
the p-value of 0.0645 shows that “Group difference for difficult topics > for simple topics (overall)” is not
supported (non-significant results); the differences for the difficult topics combined and for the simple ones
combined are unknown. Likewise, the p-value of 0.5372 for recognition shows that “Group difference for
difficult topics > for simple topics (RCG)” is not supported (non-significant results); with the combined
differences once again being unknown. However, the p-value of 0.0061 < 0.01 for recall does support
“Group difference for difficult topics > for simple topics (RCL).” All the individual recall-based differences
can be seen in Figure 15 while the recognition-based ones can be seen in Figure 16. Similarly, Figure C1 (in

Appendix C.2) shows the average mean difference for the topics for both tasks at each time.

Table 23: Correlation between topic difficulty and group difference in performance. R: RADAR, C: Control, OV:
Overall, RCL: Recall, RCG: Recognition.

R C Level Cor p-value
0.59 055 OV 078 0.0645
0.55 046 RCL 094 0.0061
0.63 0.64 RCG 032 0.5372

Recognition vs. Recall: Here, we show whether the recognition task has a higher score than the recall
task overall and within both the control and experimental groups. The overall score for recognition is 0.64,
compared to recall’s overall score of 0.51; Table 15 shows that the difference is significant (p < 0.001),
indicating that “RCG>RCL overall” is supported. In addition, Table 22 shows that among the control group,
recognition’s score is 0.64 while recall’s score is 0.46, and the difference is significant (p < 0.001); this
supports “RCG>RCL for C.” Likewise, for the experimental group, recognition’s score is 0.63 while recall’s
score is 0.55, with the difference being significant (p < 0.001); this supports “RCG>RCL for R.”
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4.2.4 UX Variables

In this section, we present Table 24, which shows response distributions for each of the five RADAR UX
variables at T1 and T3, with scores of 5 to 7 counting as “Agree”, 4 as “Neutral”, and 1 to 3 as “Disagree.”
We also compare each variable’s two means (one for T1, one for T3) with the neutral value of 4 in order to
determine whether the UX-based hypotheses are supported.

Table 24: Response distribution for each of the five UX variables. T1: Time 1, T3: Time 3.

Variable Response T1 Count (%) T3 Count (%)
Perceived Ease of Use Agree 25 (83.33%) 26 (86.67%)
Neutral 3 (10%) 2 (6.67%)
Disagree 2 (6.67%) 2 (6.67%)
Perceived Usefulness Agree 20 (66.67%) 19 (63.33%)
Neutral 1(3.33%) 4 (13.33%)
Disagree 9 (30%) 7 (23.33%)
Perceived Enjoyment Agree 26 (86.67%) 23 (76.67%)
Neutral 1 (3.33%) 5(16.67%)
Disagree 3 (10%) 2 (6.67%)
Perceived Trustworthiness Agree 23 (76.67%) 24 (80%)
Neutral 6 (20%) 5 (16.67%)
Disagree 1 (3.33%) 1 (3.33%)
Willingness to Adopt Agree 21 (70%) 21 (70%)
Neutral 4 (13.33%) 1 (3.33%)
Disagree 5 (16.67%) 8 (26.67%)

Perceived Ease of Use, Perceived Enjoyment, Perceived Usefulness, and Perceived Trustworthiness:
For each variable, we compared its overall two means (with the seven possible values and from the two
times) to a randomly generated normal distribution with a mean of approximately 4, the same number of
participants (n = 30), and standard deviation of 1. For PEOU, there was a significant difference between
the normal distribution and the actual distribution both times (4.00 vs. 5.86 for T1 with p < 0.001, 4.00 vs.
5.74 for T3 with p < 0.001), supporting “Mean of PEOU > neutral value.” For PE, there was a significant
difference between the normal distribution and the actual distribution both times (4.00 vs. 5.86 for T1 with
p < 0.001, 4.00 vs. 5.78 for T3 with p < 0.001), supporting “Mean of PE > neutral value.” For PU, there
was a significant difference between the normal distribution and the actual distribution (4.00 vs. 4.98 for T1
with p < 0.05, 4.00 vs. 4.84 for T3 with p < 0.01), supporting “Mean of PU > neutral value.” For PT, there
was a significant difference between the normal distribution and the actual distribution both times (4.00 vs.
5.72 for T1 with p < 0.001, 4.00 vs. 5.62 for T3 with p < 0.001), supporting “Mean of PU > neutral value.”

Students’ Willingness to Adopt RADAR: For the UX question about WTA, we compared its overall two
means (with the seven possible values and for the two times) to a randomly generated normal distribution
with a mean of approximately 4, the same number of participants (n = 30), and standard deviation of 1.
There was a significant difference between the normal distribution and the actual distribution (4.00 vs. 5.10
for T1 with p < 0.001, 4.00 vs. 4.72 for T3 with p < 0.01), supporting “Mean of WTA > neutral value.”
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5 Discussion

In this section we discuss the results of the user requirements survey and game evaluation study. In particular,
we provide explanations for why these results are the way they are. We also discuss how the support of the
hypotheses (or lack thereof) can be used to answer the research question. We also discuss limitations of our

study and future work.

5.1 User Requirements Survey

It makes sense that as shown in Figure 13 [3], the Prof group would somewhat disagree with mnemonics
being easy and not challenging to create as much as the Self group would. Those who do not find mnemonics
easy or not challenging to create would prefer for someone else, especially a trusted individual such as a
professor, to do it for them. Meanwhile, those who at least somewhat agree that mnemonics are easy and
not challenging to create (or at least do not disagree) would be more likely to do it themselves, as it is not
as much of a perceived inconvenience to them. As for why each group’s scores for Ease of Creation and
the reversal of Challenge of Creation are not quite the same (such as 5.53 and 4.98 respectively for the Self
group), they most likely did not simply calculate 8 minus the former to get the latter as they may have thought
the two questions were not simply opposites or else there would be redundancy. Regardless, the observation
that the highest mean is 5.53 indicates that neither group is particularly confident in creating mnemonics,
which justifies the creation of a mnemonics creation tool that can guide them.

It is unsurprising that as shown in Figure 13 [3], for all the Value items, the Self group would express
greater agreement than the Prof group. Because the Self group finds creating mnemonics to not be much
of an issue, they would actually do so, and as mnemonics have been shown to benefit users’ memory [73],
they likely received better experiences (especially higher test scores) and understood that their mnemonics
are the ones to credit. Conversely, the Prof group likely refrained from creating as many mnemonics, and
thus would have less experience using mnemonics, especially if their professor did not give them any. As
such, they would not give as much credit to mnemonics. Regardless, the observation that the lowest score
is 5 indicates that both groups at least somewhat agree that mnemonics are overall valuable in numerous
ways, which justifies the inclusion of mnemonics in memory-intensive courses. Doing so would also allow
mnemonics to prove themselves to students who did not like using mnemonics.

It is expected that as shown in Figure 13 [3], both groups share nearly the same high amount of agree-
ment (the lowest being 5.56) with regards to Creation Tool and Retrieval Practice Tool. However, the Prof
group still has slightly higher scores for the two, which may be because those who currently do not feel
confident creating mnemonics would wish for a tool that can assist them, as well as a tool that can test them
with the mnemonics. Even so, no matter how difficult they think creating mnemonics is, if a trusted indi-
vidual such as a professor provides them with tools that specialize in using mnemonics to enhance learning
and recall, they would probably have faith in these tools. In addition, they would also assume that either
the professor, the creation tool, or both would properly guide them through the process of creating an ef-
fective mnemonic. Such an assumption is not unfounded, whether or not they know this; there already

exists prior research [44] that had provided a set of defined properties that a mnemonic needs to be effective:
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meaningfulness, elaboration, association, and visualization. A professor could simply incorporate this into
their mnemonic-related teachings. Regardless, the observation that the lowest score is 5.56 indicates that
both groups at least somewhat agree to use such tools, meaning these tools would not be rejected by many
students upon their inclusion into memory-intensive courses.

Regarding the qualitative analysis categories, though all their counts may not look very high at first
glance, with Straightforward even having only 3/122 (2.46%) participants talk about it, it should be noted
that the questions were very open-ended, leading to a great variety in what participants’ responses would be
about, so even having only 3 responses discussing the same subject is something to consider, let alone 15
(for Visuals and Fun). Also, while some Cohen’s Kappa values may appear less than impressive (particularly
0.6541 for Relevance to Topic), it should be noted that when the number of responses where both Sarah Ejaz
and I said “yes” to counting as relevant to the category is very low, even a low number of disagreements can
drastically decrease the Cohen’s Kappa. As such, the low Cohen’s Kappa does not indicate that the results
for the category are unreliable.

Our mnemonic and game creation took these categories into consideration. The Meaningfulness and
Relevance to Topic categories in Table 12 led us to ensure that our mnemonics reflect their target topics,
such as “Seers Say Move Motor But Motorist Bosses Say Big Brain Matters Most” clearly reflecting the
Sensory and Motor functions, as well as the brain where the cranial nerves reside. This allows the mnemonic
to be more closely related to the content. The Humour category also led us to incorporate humour into some
of our mnemonics, such as “Condemned Isometrician Oxton Overloaded Pharoah’s Ox (with) Hydraulic
Oxide” bringing to mind an inflated ox, which may be considered rather cartoonish, making it memorable.
Repetition led us to allow repeating a Quest before moving to the next one, in case players feel the need
to practice a Quest. Interactive led us to make the game seem like a guide while the Acronimps seem like
actual enemies causing problems for players, so that the players would not feel alone. Progress Tracking
led us to show progress bars letting players know how far they have gone and how much more is left, so
they would have an idea of how much more they need to do. Straightforward led us to provide a linear
path for the players to decrease the chances of them getting lost. Visuals led us to ensure the game is full
of unique images to maintain players’ attention rather than overwhelming them with lots of text. Fun led
us to seek to make the game an entertaining experience to complement its educational purpose through the
other actions we discussed and will discuss. Feedback led us to ensure the game tells players whether their
answers were right or wrong, and in the case of “Castle (Decoding)”, we added tidbits to give them additional
information related to the target information. Matching-Based led us to give players the opportunity to match
mnemonics with their target topics in “Bridge (Association)”, and match mnemonic terms with their target
terms in “Castle (Decoding).” Rewards led us to implement the XP system where players get more XP for
doing better, which would motivate them to give it their all and keep going to rank above other players in
“Class Ranking;” the stars obtained from the first three Quests can also motivate players to aim for a perfect

Score.
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5.2 Game Evaluation Study

In this section we discuss the results of the data analysis for the game evaluation study pertaining to our
hypotheses. First, we explain the various averages for each of the three types of Cohen’s Kappa values.
Then, we discuss how the mean scores for topic familiarity justify our simple-difficult topic classification.
Next, we discuss implications of overall descriptive statistics. Then, we discuss the results of a four-way RM-
ANOVA involving condition, task, topic, and time; we also discuss the results of the three-way RM-ANOVAs
for recall and recognition involving condition, topic, and time. Afterwards, we provide explanations for why
each hypothesis was or was not statistically supported. Finally, we use the results relating to our hypotheses

to answer our research question.

5.2.1 Inter-Rater Reliability

As seen in Table 13, the majority of Cohen’s Kappa values are above 0.9000, indicating a generally very
high level of agreement throughout the cleaning. However, the T1, T2, and overall values range from 0.7877
to 0.8418, which are notable exceptions. A possible reason for these relatively low values could be that
since the control group consistently fared worse at recall than the RADAR group especially at T1 and T2, it
became harder to discern when the control group participants understood the deeper meanings of the correct
answer (and should receive a 1), as opposed to when they were completely on the wrong track (and should
receive a 0) or on the right track but not accurate enough (and should receive a blank). Even so, the range of
values from 0.7877 to 0.8418 is still rather decent for Cohen’s Kappa and indicates a somewhat high level of

agreement.

5.2.2 Topic Familiarity

As stated in Section 4.2.2, the simple topics (BL and BD) have familiarity scores no less than 3.42 for both
groups, while the four difficult topics (CN, CF, KS, and KR) all have familiarity scores no greater than 2.73
for both groups. Along with the differences in complexity of the topics’ target information, the gap between

the lowest score for a simple topic and the highest score for a difficult topic further justifies our classification.

5.2.3 Cognitive Performance

In this section, we will discuss the results relating to cognitive performance. In particular, we will discuss the
overall descriptive statistics, the four-way and three-way RM-ANOVAs, and the results pertaining to each

hypothesis.

Overall Descriptive Statistics: There are many inferences that can be made from Table 14. For example,
the observation that each row’s mean and median are similar suggest that each group’s data for each task
at each time is generally not very skewed; this is backed up by how the greatest absolute value of skew
in any row is 0.30. The observation that each row’s range is no less than 0.65 indicates a great variety in
participants’ performance even within the same group, time, and task. This is unsurprising given how we

recruited all sorts of participants regardless of their general abilities; we would expect some to fare much

51



better than others. The observation that the standard deviations, standard errors, and ranges for recall tend
to be greater than those for recognition indicate that there is more variety for recall in general. This makes
sense given that recognition narrows down possible answers and decreases the variety within responses,
while recall does no such thing. The observation that kurtosis values range from -1.59 to -0.62 indicate
somewhat light-tailed distributions for any task done by any group at any time, meaning there are fortunately
not many outliers. The observation that both minimum and maximum scores for recognition are generally
higher than their recall counterparts indicates that it tends to be easier to achieve higher scores and avoid
lower ones in recognition; this is supported by the means, which were used to support the hypotheses of

recognition having higher scores than recall.

Four-Way RM-ANOVA: The main effects of topic, time, and task seen in Table 15 are fully expected.
We had anticipated that participants’ performance would vary across topics due to some being considered
simple while others are considered difficult, that they would fare considerably worse in T2 than in T1 or
T3, and that they would fare considerably better at recognition than recall. We had also predicted several
interactions. Regarding the interaction between condition and topic, not only did we expect the RADAR
group to fare better than the control group within any given topic, we expected different topics to have vastly
different scores within either condition. Regarding the interaction between condition and task, we expected
the RADAR group to fare better than the control group within either task, and we expected recognition to
have a higher score than recall within either condition. Regarding the interaction between topic and task,
we expected participants to fare better at recognition than recall within any topic, and we expected different
topics to have vastly different scores within either task. Regarding the interaction between task and time, we
expected participants to fare considerably worse in T2 within either task, and we expected them to fare better

at recognition within each time.

Three-Way RM-ANOVAs for Recall and Recognition The main effects of topic and time within both
tasks as shown in 16 is expected. Within either task, we anticipated that participants’ performance would
vary across topics due to some being considered simple while others are considered difficult, and that they
would fare considerably worse in T2 than in T1 or T3. The interaction between condition and topic within
recall is unsurprising, as not only did we expect the RADAR group to fare better at recall than the control
group within any given topic, we expected different topics to have vastly different recall scores within either
condition. However, the lack of statistical evidence of an interaction within recognition is surprising, as
we expected similar results as those for recall. It appears that because the RADAR group did not fare
significantly better at recognition overall than the control group did, this would be reflected within individual
topics and counteract the major differences between topics within a given condition for recognition, thus

making an interaction between condition and topic not immediately apparent.
RADAR Vs. Control for Each Topic: We had hoped that the Acronimps game would improve students’

performance in all six topics because of the shown benefits of mnemonics [73], especially when paired with

retrieval practice [72], but this was not the case for BL and BD. It should be noted that these two were what
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we considered simple topics, which are more susceptible to the ceiling effect [97]. This effect occurs when
enough participants reach or approach the highest possible score on a question, likely due to the question
being rather easy; there would not be much room for improvement. In our case, that would mean that
there would be less room in the Biological Organization topics’ questions for the Acronimps game to help
participants improve upon because participants are already getting many of these questions right. Indeed,
BL’s control score (0.75) and BD’s (0.58) are among the highest control scores. As for why the RADAR
group has lower scores for BL (0.72) and BD (0.56), they could be attributed to a combination of the ceiling
effect and the unfortunate circumstances regarding the recognition portion of T2 and T3 for the experimental
group, namely midterm season, the game never asking players to recognize tidbits like they needed to for the
test, and the prioritization of recall over recognition (extra impactful in the short 15-minute preparation for
T3). These three circumstances will be elaborated upon when discussing hypotheses relating to recognition.
Regardless, the differences are far from significant anyway, with p = 0.2308 for BL and p = 0.8178 for BD.

However, the Acronimps game did result in higher means for CN, CF, KS, and KR, likely because the
ceiling effect [97] did not happen for them (i.e., more mistakes were made in many of these topics’ questions).
Thus, there would be more room for the Acronimps game to help participants improve. In particular, KS and
KR, which are both about the Krebs Cycle, have the lowest control scores (0.42 and 0.44 respectively) and
the smallest p-values. KS even has p < 0.001 which is significant and supports “R>C for KS” (though the
great difference in familiarity scores for it between the two groups as shown in Figure 14 could have played
a role), and KR has p = 0.0744 which is much closer to significance than the remaining topics, especially
the simple ones). Essentially, difficult topics, which are less susceptible to the ceiling effect, appear more
likely to benefit from the Acronimps game; this will be elaborated upon when discussing comparing simple

topics to difficult ones.

RADAR vs. Control for Recognition and Recall at T1: The Acronimps game having a higher recognition
score for T1 is expected because alongside the shown benefits of mnemonics [73] especially when paired
with retrieval practice [72], the Acronimps game is centered around recognition due to its Quests being of
a multiple-choice nature (other than “Museum (Artifacts Review)”), with “Castle (Decoding)” specifically
asking participants about the exact target information that is involved in each test, as well as providing tid-
bits as feedback, many of which are also involved in each test. “Museum (Artifacts Review)” also organizes
the tidbits for each topic, just as the SAVE Tool does. In addition, “Town (Recollection)”, “Bridge (Asso-
ciation)”, and “Museum (Artifacts Review)” feature the mnemonics we provided. While mnemonics have
already been shown in prior research to benefit takers of memory-intensive courses [73], in our case, since
several recognition questions explicitly involve order (e.g., some for KS and KR as seen in Table 6) while
many others implicitly do so, the mnemonics can provide a quick reminder on what the order is.

The Acronimps game having a higher recall score for T1 (with significant results) is expected because
alongside mnemonics’ shown benefits [73] especially with retrieval practice [72], “Museum (Artifacts Re-
view)” organizes all the artifacts in a similar manner to the SAVE Tool; in particular, the target information
(which is exactly and solely what is involved in the recall section of each test) of each topic is arranged in

a table that matches the required order. Also, all topics’ artifacts are put side-by-side and require a simple

53



horizontal scrolling to traverse from topic to topic, making it more convenient than even the SAVE Tool,
which has different pages for each topic. The mnemonics’ aforementioned assistance regarding order is also
a big help in matching the required order; the fact that our mnemonics’ terms generally match the first few
letters (not just the first letter) of their corresponding target terms can also help remind participants of the

target terms themselves, or at least score partial marks.

RADAR vs. Control for Recognition and Recall at T2: The Acronimps game having a lower recognition
score for T2 was initially unexpected because mnemonics had been shown in prior research to be beneficial
[73], particularly for long-term memory [39], and go hand-in-hand with retrieval practice [72]. However,
we have found possible factors in our case that counteract this shown benefit. One possible factor is that
the experimental group participated throughout four weeks of October, i.e., midterm season, while the con-
trol group participated in one week of September. It was much more difficult to recruit participants during
October, as they likely prioritized preparing for midterms (and many of the ones who did sign up either
rescheduled or backed out); we also recruited more participants for the experimental group instead of stop-
ping at approximately 25 because various participants did not perform as well as we expected and could
have been outliers. During the one-week gap between T1 and T2, the experimental group would have likely
cast aside what they learned in Part 1 so as to concentrate on midterms, and also because we deceived them
(and the control group) by claiming that Part 2 would be on a different subject so they would not actively
rehearse; this deception was approved by the Office of Research Ethics. A second possible factor is that in
the Acronimps game, tidbits are provided in “Museum (Artifacts Review)” and appear as feedback in “Castle
(Decoding)”, but players are never asked to recognize them. This absence likely detracts from the retrieval
practice experience, leaving participants to only become experienced in recognizing target terms themselves
instead of both target terms and tidbits. This could also explain why even at T1, the experimental group’s
improvement for recognition was notably less than for recall, as seen in Figure 17.

The Acronimps game having a higher recall score for T2 (with significant results) is expected because as
stated before, mnemonics had been shown in prior research to help [73], particularly for long-term memory
[39], and go hand-in-hand with retrieval practice [72]. Also, during Part 1, the experimental group likely
spent more time recalling target information than performing recognition on any artifacts because both the
SAVE Tool and “Museum (Artifacts Review)” showcase target information, and also because we explicitly
told them to test themselves on target information before T1, which might have carried over to later tests.
Even with the one-week gap during midterm season, the target information likely remained in their heads
more than the tidbits.

RADAR vs. Control for Recognition and Recall at T3: The Acronimps game having a lower recognition
score for T3 was initially unexpected because of mnemonics’ shown benefits [73], particularly for long-
term memory [39], and when paired with retrieval practice [72]. Yet just as in T2, there are plausible
explanations. Unlike for T2, this time the one-week gap and midterms are less of a factor because participants
will be focusing solely on our content during the 15-minute preparation. However, the aforementioned

lack of a tidbit recognition part of the Acronips game continues to be a likely factor. In addition, the 15-
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minute preparation for T3 is much shorter than the 45-minute (35 if we exclude the 10-minute slide reading)
preparation for T1, making every minute extra precious. The experimental group likely prioritized recalling
target information over recognizing tidbits as they likely felt that the nature of multiple-choice questions
itself could help them. Moreover, I had seen various participants start from “Town (Recollection)” (the
first Quest) again when moving on to the game, meaning that even less time was spent on reaching “Castle
(Decoding)” and “Museum (Artifacts Review)”, where the tidbits (and target information) are featured. As
such, tidbits were treated as low-priority during preparation.

The Acronimps game having a higher recall score is expected because alongside mnemonics’ shown
benefits [73] especially for long-term memory [39] and when paired with retrieval practice [72], the experi-
mental group likely prioritized recalling target information even more than they did in Part 1, for two main
reasons. First, the preparation time had been reduced from 35 minutes to 15, meaning they needed to put
greater effort in a short amount of time. Second, they knew that the recall section consists of all target terms
and nothing more, as opposed to the recognition section, where they could not necessarily remember many

of the questions there due to their length, complexity, and variety.

RADAR vs. Control for Recognition and Recall Overall: The Acronimps game having a lower recog-
nition score overall (as well as in T2 and T3) results in a rather ironic situation; on multiple levels, the
Acronimps game, whose Quests consist primarily of recognition instead of recall due to their multiple-choice
nature, fails to help the experimental group gain a significant improvement over the control group when it
comes to recognition, while the experimental group shows a significant improvement over the control group
on multiple levels when it comes to recall. It is also surprising because of mnemonics’ shown benefits [73]
especially regarding long-term memory [39] and retrieval practice [72]. However, the reasons for this are a
combination of those from T2 and T3: a one-week gap during midterm season, players not being asked to
recognize tidbits themselves, target information being prioritized over tidbits, and game time spent on Quests
not involving tidbits.

The Acronimps game having a higher recall score overall (with significant results) is certainly expected
of mnemonics’ shown benefits [73] especially for long-term memory [39] and with retrieval practice [72]
alongside the game having higher recall scores for the three individual times. Even Table 17 shows notable
gaps between the experimental and control groups for T1 and T2, and to a lesser extent, T3. The reasons for
this significant difference are a combination of those from T1, T2, and T3: the shown benefits of mnemonics
(including their help for order), the fact that the SAVE Tool and “Museum (Artifacts Review)” both show-
case target information, and the prioritization of target information (both from our explicit instruction and

participants’ knowledge that all target information is on the test).

Difference Between RADAR and Control for Difficult Topics Vs. for Simple Topics: The difference
between the two groups not being shown to be greater for difficult topics overall was initially unexpected
because we had intended for the ceiling effect to occur only for the simple topics [97]. In our case, we
expected for both groups to be able to correctly answer many of the simple topics’ questions, but for the

control group to incorrectly answer many of the difficult topics’ questions and the experimental group to
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“improve” on them by correctly answering more of them. Yet it seems this was not what happened. However,
the overall result could be attributed to the situation involving recognition. Though the difference not being
greater for recognition was likewise initially unexpected for the same reason, it has quickly become clear
that because recognition provides a limited set of possible answers to choose from, including the correct
one which may have visible clues, there would be less variety in the answers, allowing more participants to
select the right one regardless of topic difficulty. In addition, prior research has shown that recognition is
easier than recall [98], meaning there would not be as much room for improving upon questions involving
recognition anyway. Essentially, the Acronimps game has less of a chance to help raise scores if other factors
are already doing so.

The difference being shown to be greater for recall (with significant results) is expected because we had
anticipated for the control group to still perform well on simple topics’ questions even without recognition
narrowing down their choices or cluing them in on the correct answer, but not for difficult topics’ questions.
Because participants would more likely be struggling on the difficult topics’ questions without any aid, there
would be more space for improvement, and the Acronimps game can seize the bigger opportunity to help
them improve. It is likely that for recall, the ceiling effect did indeed happen for only the simple topics.

Recognition vs. Recall: Recognition being shown to have higher scores than recall overall and within each
group is expected, as recognition has been shown to be easier than recall [98]. Recognition provides the
correct answer and all that needs to be done is to select it, while recall requires reconstructing the correct
answer in its entirety, here without aid. As such, it is expected for a simpler task to have a better score.
Even if participants prioritized preparing for recall, the fact that they needed to recall numerous terms they
may not have heard of before for the correct topic, in the correct order, and with the correct spelling, makes
it extremely unlikely that enough of them would have kept faring around as well at recall (let alone better)
as they did for recognition throughout the study. Condition factor is also clearly irrelevant to the fact that

recognition is an easier and simpler task than recall.

5.2.4 UX Variables

In this section, we discuss the results regarding the five RADAR UX variables. In particular, we discuss

reasons for why each UX-based hypothesis was supported with significant results.

Perceived Ease of Use, Perceived Enjoyment, Perceived Usefulness, and Perceived Trustworthiness:
Participants likely found the Acronimps game easy to use because of its implementations of Narrative, Feed-
back, and Interactivity from IN-3PACIFIC [1]. The step-based setup followed by the story ensuring a fixed
order of Quests (Narrative) makes the game rather linear and easy to follow. The Feedback after each answer,
as well as the game’s teachings on the various Acronimps’ weaknesses and guidance on where to go next
(Interactivity) also help the player avoiding getting confused. Also, participants watched a tutorial video
on it and received an instruction manual while playing the game. Even if someone tries to argue that the
game would be harder to use without the tutorial video and instruction manual, they are forgetting that the

Acronimps game is a complex tool, and forcing someone to use a complex tool without any guidance is a
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terrible idea.

Though we did not analyze the UX survey question, “What feature from the Acronimps game do you like
the most?”, a quick look at some of the participants’ responses already shows several notable reasons why
they found the game enjoyable. One such reason is the story (Narrative [1]); one participant liked “the game
story” and another “enjoyed the story of the Acronimps, it was very creative and very suitable.” Another is
the XP-based ranking system (Collaboration With Others [2]); one participant said “I like the reward system
(XP and HP)”, another liked “the point system”, and a third “really enjoyed the leaderboard feature.” A third
reason is “Castle (Decoding)” (possibly Challenge [1] [2]); two participants enjoyed “decoding”, a third
enjoyed “the last stage of the game with the tidbits (when answered correctly)”, and a fourth enjoyed “the
decoding stage, where I have to recall what each letter in the acronym stands for.”

Participants could have found the Acronimps game useful because of its already-perceived ease of use.
They could have also acknowledged its adaptability to multiple courses and multiple modules within a course
(Agency/Control [1] and Learner Empowerment [2]), given that in the “Course” screen, they had seen a list
of multiple unrelated courses. Besides that, “Castle (Decoding)”’, which was liked by several participants
as stated above, clearly contains the exact content that will be on the test, and so does “Museum (Artifacts
Review).” Provided that participants have unlocked these Quests, they can go to them to quickly either
practice or read them.

Participants could have found the Acronimps game trustworthy because of its already-perceived ease of
use and usefulness. If they thought it was easy to use and useful, they would likely trust that this ease of use
and usefulness would not hinder the game from helping them improve. In addition, they might feel like they
can trust that the complexity of “Castle (Decoding)” (Challenge [1] [2]) and the twists and random nature of
the Quests in general (Spontaneity/Unpredictability [2]) would prevent them from being caught-off guard by
the length of the test and the questions being unknown until they appear. Moreover, participants might think

that since this game is made in academia for academia, it could be trusted more.

Students’ Willingness to Adopt RADAR: The provided reasons for the Acronimps game’s PEOU (i.e.,
linear nature and training), PE (i.e., story, ranking system, decoding), PU (ease of use, adaptability, clear
presentation of tested content), and PT (preparation for challenges and the unknown), all of which were
based on IN-3PACIFIC [1] and C-SHARP [2], could also contribute to students’ willingness to adopt it.
Also, some participants may have felt that they would have done worse on the tests we gave them if they had
not been given the game, though this could be purely psychological and without a known basis. In addition,
participants could be more willing to adopt a tool if a professor, a trusted individual, was the one to give it to

them, which they might expect to be the case.

5.2.5 RQ: RADAR Game’s Relative Improvement in Knowledge Acquisition and Retention

Table 25 shows each hypothesis and whether it is statistically supported. Using the results associated with
specific hypotheses, we were able to gauge the Acronimps game’s relative improvement in knowledge acqui-
sition and retention. The Acronimps game having higher scores for CN, CF, KS, and KR, but not for BL or

BD, suggests that it tends to foster better performance mainly on difficult topics. The Acronimps game hav-
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ing higher scores for both recognition and recall at T1 shows that it indeed improves knowledge acquisition,
though it allows participants to express it better through recall. The Acronimps game having a higher score
for recall but not recognition at T2 shows that in the context of a re-test after a prolonged period of time and
presumed lack of practice, the Acronimps game improves knowledge retention, but only allows participants
to express the improvement through recall. However, Figure 17 suggests the relative improvement in recall
is even greater in this instance of knowledge retention (T2) than it was for knowledge acquisition (T1). The
Acronimps game having a higher score for recall but not recognition at T3 suggests that in the context of
giving students the exact same test once more after a brief period of revising the content, the Acronimps
game also improves knowledge retention, but only allows participants to express the improvement through
recall; even so, Figure 17 suggests the relative improvement in recall is minimal here (T3). The Acronimps
game having a higher score for recall but not recognition overall, along with Figure 17, shows that consid-
ering a series of repeated but identical tests to evaluate both knowledge acquisition and retention (after a
prolonged period of time without practice and after a brief revision), when treating the series as a whole,
the Acronimps game provides improvement but allows users to express it better (if at all) with recall. The
difference between the two groups’ recall scores being greater for difficult topics shows that the Acronimps
game works significantly better at recall for difficult topics. Recognition having higher scores than recall
overall and within each group shows that participants generally perform better at recognition than recall,
whether they were playing the Acronimps game or not. The actual response distributions for the first four
UX variables having significantly higher means than their respective normal distributions shows students
view the Acronimps game as easy to use, enjoyable, useful, and trustworthy, which could give the game a
greater opportunity to improve students’ performance since they feel they can rely on it. The actual response
distributions for WTA having significantly higher means than their respective normal distributions shows
that students will be willing to adopt the Acronimps game, which could give it an even greater opportunity

to improve their performance.

5.3 Limitations and Future Work

As with any other study, ours has limitations. First, as stated several times before, the midterm season greatly
interfered with our study, as it discouraged students from signing up, caused many who did to reschedule
or back out, and likely prevented those who did arrive from being at their best. As a result, we spent four
weeks gathering participants for the experimental group as opposed to one for the control group. This is
compounded by how prior research has shown that sustained attention and motivation are higher earlier in
the semester than later [ 130] and the control group participated before midterm season, not after; as such, the
experimental group had a twofold disadvantage based on when they participated. Second, some hypotheses
were not supported with significant differences despite the means following their direction. That said, we
did explain that we still have reason to believe them. Third, the fact that my Acronimps game included
recognizing target information but not tidbits meant that participants were not as properly prepared for the
exact questions in the recognition section of each test; maybe providing participants the opportunity could
lead them to have higher recognition scores than the control group for T2, T3, and overall. Fourth, despite

the rules we laid out for cleaning the recall response data, the cleaning might not be perfect, due to human
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Table 25: Support of hypotheses (CN: Cranial Nerves, CF: Cranial Nerves Functions, BL: Biological Organization
Levels, BD: Biological Organization Disciplines, KS: Krebs Cycle Substrates, KR: Krebs Cycle Reactions, MFHD:
Mean Follows Hypothesis’s Direction, DS: Difference Significant).

Hypothesis MFHD DS
The RADAR game will lead to higher students’ performance in each v'v'X Xv'v' XXXXV X
of the six topics (CN, CF, BL, BD, KS, KR) than the control condition

because of the benefits of mnemonics [73], especially when paired with

retrieval practice [72].

The RADAR game will lead to improved performance in recognition v v’ XV
and recall tasks at Time 1 compared to the control condition because of

the benefits of mnemonics [73], especially when paired with retrieval

practice [72].

The RADAR game will lead to improved performance in recognition Xv* XV
and recall tasks at Time 2 compared to the control condition because of

the benefits of mnemonics [73], particularly regarding long-term mem-

ory [39], and pairing them with retrieval practice [72].

The RADAR game will lead to improved performance in recognition Xv’ X X
and recall tasks at Time 3 compared to the control condition because of

the benefits of mnemonics [73], particularly regarding long-term mem-

ory [39], and pairing them with retrieval practice [72].

The RADAR game will lead to improved performance in recognition Xv’ XV
and recall tasks overall (regardless of time) compared to the control con-

dition because of the benefits of mnemonics [73], particularly regarding

long-term memory [39], and pairing them with retrieval practice [72].

The difference between the two groups’ scores will be greater in diffi- X x v X XV
cult topics than in simple topics overall and within both recognition and

recall tasks because of the ceiling effect [97].

The recognition task will have a higher score than the recall task overall v v'v VY
and within both the control and experimental groups because recogni-

tion is easier than recall [98].

The RADAR game will be perceived as easy to use, enjoyable, useful, v'v'v'v VY
and trustworthy because it follows two established frameworks we call

IN-3PACIFIC [1] and C-SHARP [2].

Students will be willing to adopt the RADAR game given its knowledge v v
consolidation benefit, perceived ease of use, perceived enjoyment, per-

ceived usefulness, and perceived trustworthiness.

error and subjectivity regarding cases not accounted for by the rules, especially with the sheer amount of
responses that need to be checked. Even a change to the judgment of one response can change whether
there is a significant difference or not. However, the errors and subjectivity cut across both the control
and experimental groups, and may arguably cancel out. Fifth, the Acronimps game was not alone, but rather
paired with the SAVE Tool. Though this was necessary as the game fetches data inputted with the SAVE Tool
and thus depends on the SAVE Tool, some of the improvements that the experimental group showed over
the control group could be attributed to the SAVE Tool instead, putting the benefits of the game further into

question. Sixth, some participants in the control group were seen using mnemonics during preparation even
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though we had not taught them to; there may also be some we did not notice. These participants could have
raised the means in the control group and diminished the difference between the group using mnemonics in
the Acronimps game and SAVE Tool, and the group that we had not expected to use mnemonics at all; this
raises the possibility that the Acronimps game could be more beneficial than it currently seems (if we were
to compare it against a group of participants who absolutely did not use mnemonics at all). Seventh, when
we had replaced a participant’s score for a particular task with the group mean (ignoring their own score) for
it (whether due to a lack of response here but existent responses elsewhere or due to having less than 0.1 for
a T1 task or 0.2 for a T3 task), this could have been inaccurate and led to a rather different result than if there
were no change, especially with the small sample sizes for the two groups. However, it can be argued that
leaving the scores unchanged could also be inaccurate as they may have been outliers, and we did explain
that we did not want to disregard the participants’ entire data just because of one odd instance inconsistent
with their typical behaviour. Also, the same judgment was applied to both groups, meaning it was unbiased
towards one.

Like other studies, ours can pave the way for future work. First, the idea of a quiz notification system
could be implemented, whether as an additional Quest in the Acronimps game or as a separate tool, to ac-
count for the current lack of tidbit recognition. Second, there could be the implementation of an automated
system to clean response data to eliminate human error, though it may be difficult to account for all pos-
sible cases and adapt the system to tests in other situations. Third, the data from all the surveys, such as
demographic information and opinions, can be analyzed to provide further insight on whether demographics
may play a role in performance, as well as how students generally feel about the Acronimps game (and the
SAVE Tool) and mnemonics in general. For example, the predominance of South Asians in both groups
could be compared against the other races/ethnicities to check for possible correlations between them and
performance. Fourth, there could be a comparison between a group of participants using only the SAVE
Tool and a group using both the SAVE Tool and the Acronimps game, to determine how much the game
supports the SAVE Tool. Fifth, other variations of this study can be conducted, such as with a different
subject, with a comparison between instructor-created mnemonics and self-created mnemonics, or with a
comparison between several RADAR games when more are created. Sixth, within the Acronimps game it-
self, the implementation of Multisolution-Based and Co-Construction of Meaning from C-SHARP [2] could
be achieved through incorporating the remaining cognitive tasks for the former, and including a chat function
and a mnemonic sharing function for the latter. Seventh, this study can be repeated but with a larger control
group (such as n = 50) that can be split into a sub-group of participants who used mnemonics (though still
without the Acronimps game) and a sub-group of those who did not. While repeating the study or conducting
a variant of it, sessions can also alternate between groups instead of having one group finish before another

begins, to alleviate the factor of sustained attention and motivation being higher earlier in a semester [130].
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6 Conclusion

The Acronimps game, as far as we know, is the first mnemonics serious game to implement the majority
of the IN-3PACIFIC and C-SHARP game characteristics proposed by Blumberg et al. [1] and Morris [2],
unlike other mnemonics serious games that relegate these user-experience features to the background [96].
For example, while most previous games lack a narrative, the Acronimps game has a clearly established
storyline involving traveling through areas and hunting down Acronimps, which are mnemonic proxies to
be recollected and decoded. In addition, it implements and validates the RADAR framework proposed by
Oyibo [6]. More importantly, it allows players to engage in the retrieval of self-created mnemonics and
their associated information rather than those created by designers, researchers or instructors, which are the
hallmark of most prior mnemonics-based games in the academic literature and/or on the market [95].

To the best of our knowledge, the SANKOFA toolkit [6], comprising the SAVE Tool [4] and the
RADAR-based Acronimps game, is the first known mnemonics-based toolkit that is more than just a single
tool for either mnemonics creation or retrieval practice. Rather, it is a holistic toolkit for both mnemonics
creation and retrieval practice. In this thesis, we validated the SANKOFA framework, upon which the SAVE
Tool and RADAR-based Acronimps game are grounded, using a biology-lecture-based experiment. We
found that the Acronimps game led to higher differential performance in difficult topics such as Krebs Cy-
cle than simple topics such as Biology Organization. Specifically, compared with the control condition, the
RADAR-based Acronimps game significantly improved recall in the first two of three repeated tests across
three points in time aimed to evaluate knowledge acquisition (immediately after studying the lecture mate-
rial) and retention (after one week of no practice and after a 15-minute revision). The game also improved
recognition, but only in the first test. Comparatively, students generally performed better in recognition than
in recall, regardless of what method they used to prepare, with no significant difference between the exper-
imental and control groups for most of the topics, indicating the use of mnemonics may not hamper higher
cognitive processes such as understanding, which the recognition task based on multiple choice questions
tested. Moreover, students found the game easy to use, enjoyable, useful, and trustworthy; as a result, they
were willing to adopt it.

The statistically significant benefits of the Acronimps game in recall, as well as the demonstrated benefits
of mnemonics in memory-intensive courses in general [73] and in the long run [39], serve as empirical
evidence for instructors of memory-intensive courses to adopt and learn mnemonic techniques, teach them
to their students, and incorporate the SANKOFA toolkit or approach to learning into their curriculum to
help combat the current cognitive decline experienced in education as a result of the advent of Al tools such
as ChatGPT. Developers could also contribute to the SANKOFA toolkit by building upon the Acronimps
game, creating their own RADAR game, or implementing quizzes to enhance retrieval practice. Finally, the
Acronimps game’s strength in improving recall may help users prepare for urgent situations where they must
recall and apply what they have learned without aid, such as in a medical emergency in which a guidebook
is not available. To crown it all, the RADAR game has the potential to improve students’ performance in

memory-intensive courses. As such, it should not be shelved or ignored by the academic community.
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Appendices

A Lecture Slides

*Not a substrate but a coenzyme necessary for kickstarting the series of reactions

Krebs Cycle: The 8 Reactions

e Step 1: Acetyl CoA combines with oxaloacetate to form
Citrate, aka citric acid, through a condensation reaction.

o Step 2: Citrate is then converted to Isocitrate, an isomer of
citrate, through a reaction known as isomerization.

« Step 3: Isocitrate is then oxidized through a process called

oxidative decarboxylation (conversion of carbon-carrying 0 Acetyl CoA* Condensation (Acetyl CoA + oxaloacetate)
hydroxyl group to a carbonyl group) to produce ‘@/
Ketoglutarate substrate and NADH as byproduct. 1 Citrate Isomerization
* Step 4: a-ketoglutarate is similarly oxidized to produce
Succinyl CoA and NADH as byproduct. 2 Isocitrate Oxidative decarboxylation (Oxidation)
* Step 5: Succinyl CoA is catalyzed through a process known
as phosphorylation to produce Succinate and ATP as 3 a-Ketoglutarate Oxidative decarboxylation (Oxidation)
byproduct.
* Step 6: Succinate is oxidized (by removing 2 hydrogen 4 Succinyl CoA‘ghosphowlation
atoms from FAD) to produce Fumarate and FADH. as
byproduct. 5 Succinate Oxidation
* Step 7: Fumarate undergoes hydration to produce Malate. 6 Fumarate%on
* Step 8: Malate is oxidized to regenerate Oxaloacetate (with
another NAD+ molecule reduced to NADH). The 7 Malate, Oxidation
oxaloacetate combines with acetyl CoA as in step 1 and the <>,
cycle repeats. 8 Oxaloacetate

Figure Al: A slide showing details of Krebs Cycle Substrates and Reactions.

The 12 Cranial Nerves, their Definitions and Functions

Olfactory Responsible for the sense of smell Sensory

Optic Responsible for vision; it transmits visual information from the retina to the brain Sensory

Oculomotor Controls eye movements including pupil constriction and focusing Motor

Trochlear Controls the superior oblique muscle of the eye Motor

Trigeminal Most complex nerve, it comprises 3 branches responsible for sensing information from Both
the face and head, controlling jaw muscles used for chewing and biting

Abducens Controls the lateral movement of the eyeball or eye muscle (lateral rectus) Motor

Facial Controls facial expressions and conveys taste sensation Both

Vestibulocochlear Responsible for hearing and balance Sensory

Glossopharyngeal Connects the tongue and pharynx; hence, it controls taste sensation, swallowing and Both
saliva production

Vagus The longest nerve that extends beyond the head and neck down to the trunk, it Both
controls involuntary functions such as breathing, heart rate and digestion

Accessory Controls head and neck movement including shrugging of the shoulder Motor
Controls tongue movements Motor

Hypoglossal
12

YORKILL

Figure A2: A slide showing details of Cranial Nerves and Functions.

70



Atom The smallest unit of chemical elements, e.g., hydrogen.

Biological Organization:

. 2, Molecule Two or more atoms held together by chemical bonds, e.g., water.
Deﬁ n |t|0n Organelle Specialized structure/subunit within a cell that performs specific
functions, e.g., mitochondria, chloroplasts.
Cell The basic unit of life that carries out life processes, e.g., blood cell.
Tissue Group of similar cells performing a certain task, e.g., bone or blood,

nervous, adipose tissues, etc.

Organ Group of similar tissues performing a function, e.g., heart, lung, liver.

Organ System  Group of organs performing a function, e.g., respiratory system.

Organism A living being or animal composed of organ systems working
together, e.g., lion.

Population A group of organisms of the same species living in the same area,
e.g., pride of lions or people, e.g., lion pride.

Community A group of organisms of different species living in the same area, e.g.,
lion and zebra.

Ecosystem A group of different communities of living and non-living things
interacting as a unit in their environment, e.g., lion, zebra, trees,
grass, soil, etc.

. https/w.vectezv.com/free-ph Biosphere The entire planet comprising living/non-living things and the parts of
otos/lion-pride earth including animals, plants, hills, earth and sky.

Figure A3: Slides showing details of Biological Organization Levels based on [34], with lion images provided by [35].

Biological Organization: Definition & Disciplines

Atom Chemistry Studies the properties, composition, and behavior of atoms and how they interact to form molecules

Molecule Molecular Biology Examines the molecular mechanisms of biological processes, focusing on the structure and function of
molecules such as DNA, RNA, and proteins

Organelle Cellular Biology (Cytology) Encompasses the study of cells, including their structures, functions, and organelles

Cell Cellular Biology (Cytology) Encompasses the study of cells, including their structures, functions, and organelles

Tissue Histology Examines tissues - the groups of similar cells that work together to perform specific functions

Organ Anatomy Examines the structure of living organisms, with a particular focus on individual organs

Organ System Physiology Investigates the functions of biological systems, including how organ systems operate and interact to
sustain life

Organism Biology The science of life and living organisms, encompassing various subfields like botany, zoology, and
microbiology

Population Population Biology The study of how populations of organisms (of the same species) change over time

Community Community Ecology Explores the interactions among different species that coexist in the same geographic area

Ecosystem Ecology Investigates the relationships between living organisms - including individuals, populations, and

communities - and their physical environments

Biosphere Biogeography The study of the distribution of species and ecosystems in geographic space and through geological time

YORKEREL

Figure A4: Slides showing details of Biological Organization Disciplines.
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Krebs Cycle: Acetyl CoA, 8 Substrates & Reactions Mnemonics

*Not a substrate but a coenzyme necessary for kickstarting the series of reactions
*Red text not part of the mnemonic, just a clarification or meaning

0 N o Uu b~ W N P O

Acetyl CoA*
Citrate
Isocitrate
Ketoglutarate
Succinyl CoA
Succinate
Fumarate
Malate
Oxaloacetate

Verbal Cue
(Conceptual
Connection)

Acetic

City

Isobel’s

Kettle gluttonously

Succinctly
Sucks

Fumy
Malt

Oxaloacetic

Imagine the kettle of Isobel, who is a city girl and "acetic"
(troublesome), in place of a glass, gluttonously but succintly
(gradually) sucking off the fumy mailt out of the only available
bottle of malt at a party in a SUBSTATE CRIB (small-state
crib sounds like "Krebs' substrate"). Take note of the “Acetic”
adjective and/or cue at the beginning and end of the
mnemonic, which sounds like “a city,” the “ate” suffix in 7 of
the 9 substrates (e.g., Isocitrate, Fumarate), and the paradox
of the adverbs “Gluttonously” and “Succinctly.”

Condensation
Isomerization

Oxidative decarboxylation
Oxidative decarboxylation
Phosphorylation
Oxidation

Hydration

Oxidation

Verbal Cue
(Conceptual
Connection)

Condemned
Isometrician (“exerciser”)
Oxton (“name”

Overloaded

Pharoah’s
Ox (with)
Hydraulic
Oxide

Imagine a condemned prisoner, who loves to
perform isometic exercise when free, loading instead
pharoah's ox with bags of hydraulic oxide while in
prison as a REACTION to the nonavailability of
isometric exercise equipment in prison. Notice how
"Oxton", "Ox", and "Oxide" all start with "Ox" just like
"Oxidative decarboxylation" and "Oxidation".
"Isometrician" also sounds like "Isomerization".

Figure AS: A slide showing mnemonics for Krebs Cycle Substrates and Reactions.

12 Cranial Nerves and Functions - Mhemonics

*Red text not
part of the
mnemonic,
justa
clarification
or meaning

Olfactory

Optic

Oculomotor

Trochlear
Trigeminal
Abducens

Facial

Vestibulocochlear

Glossopharyngeal

Vagus

Accessory

Hypoglossal

kY
Oldfactory
Optician’s
Oculi (eyes)
Trouble

Trigonometrically,

Abductor’s (Ab doctor’s)

Facial

Vestibule (‘eyes’)

Vagina

Accessory

Hypoglossal (unshiny)

Glossing pharyngeally (near the neck)

) a0

Sensory
Sensory
Motor
Motor
Both

Motor
Both

Sensory
Both

Both
Motor

Motor

Seers
Say
Move
Motor
But
Motorist
Bosses
Say

Big

Brain

Matters

Most

Figure A6: A slide showing mnemonics for Cranial Nerves and Functions.
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12 Levels of Biological Organization: Mnemonic

Atom

Molecule

Organelle
Cell

Tissue

Organ

Organ System
Organism
Population

Community

Ecosystem

Biosphere

At

Moldova’s (“country sandwiched
between Romania and Ukraine”)

Original
Cell,

Tutsi
Organized
Organic
Orgy
Popular,

Commanding

Economic

Boom

Adapted from https://sciencenotes.org/levels-of-organization-in-biology/

70
v &4
Chemistry

Molecular Biology

Cellular Biology (Cytology)
Cellular Biology (Cytology)
Histology

Anatomy

Physiology

Biology

Population Biology

Community Ecology

Ecology
Biogeography

#r

Mollahs (“Experts”)

Callout

Cellular

Historians

Analyzing

Physical

Bones

Populating

Compton (“Hip-Pop city in California”),

Echoing
Bigotry

YORKIY

Figure A7: A slide showing mnemonics for Biological Organization Levels and Disciplines based on [34].
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B Demographic Data

What is your gender?

2 WMale
® Female
 Other

What is your gender?

P WMale
® Female

Figure B1: Pie charts showing gender distributions among the control group (top) and experimental group (bottom).
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What is your age?
@ 18- 24 years old

@ 25-34years old
 45- 54 years old

What is your age?
@ 18- 24 years old
@ 25-34years old

Figure B2: Pie charts showing age distributions among the control group (top) and experimental group (bottom).
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What year of study are you in?

® 1styear
2nd year
Ard year
dth year
Master's
PhD
Other

What year of study are you in?

1styear
2nd year
3rd year
dth year
FhD

Figure B3: Pie charts showing distributions for year of study among the control group (top) and experimental group
(bottom).
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What is your course of study?

@ Computer Science

@ Psychology
i Other

What is your course of study?

@ Computer Science
@ Psychology

. Biology
@ Other

Figure B4: Pie charts showing distributions for course of study among the control group (top) and experimental group
(bottom).
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Which race or ethnicity best describes you?

@ African/Black (including African-
American, African-Canadian, Caribhean)

@ EastAsian (e.g., Chinese, Taiwanese,
Japanese, Korean, etc.)

" Eastern European/Slav

@ Latin, South or Central American

0 Mixed

@ South Asian (2.0., Afghan, Mepali, Tamil,

Bangladeshi, Pakistani, Indian, Sri
Lankan, Punjabi)

Which race or ethnicity best describes you?

@ African/Black (including African-
American, African-Canadian, Caribbean)

@ EastAsian (e.0., Chinese, Taiwanese,
Japanese, Korean, etc))

 European/White
@ Latin, South or Central American

@ South Asian (e.q., Afghan, Nepali, Tamil,
Bangladeshi, Pakistani, Indian, Sri
Lankan, Punjahi)

@ SoutheastAsian (e.0., Viethamese, Thai,
Cambodian, Malaysian, Filipino/a,
Laotian, Signaporean, Indonesian)

O West Asian (e.0., Iragi, Jordanian,
FPalestinian, Saudi, Syrian, Yemeni,

Figure BS5: Pie charts showing distributions for race or ethnicity among the control group (top) and experimental group
(bottom).
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What type of student do you consider yourself on the average?

® =50%

® 71-80%
o 81-90%
® 91-100%

@ | prefer notto answer

What type of student do you consider yourself on the average?

® 61-70%
® 71-B0%
o 81-90%
® 591-100%

@ | prefer notto answer

Figure B6: Pie charts showing distributions for average grades among the control group (top) and experimental group
(bottom).
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C Analysis of Test Data

C.1 Cohen’s Kappa Tables

Table C1: Test averages and participant averages for Cohen’s Kappa comparing 0 to other values (Left half: control,
right half: RADAR, T1: Time 1, T2: Time 2, T3: Time 3, PA: Participant Average, TA: Test Average).

T1 T2 T3 PA T1 T2 T3 PA
1 1 0.9677  0.9892 0.8116 0.9677 1 0.9264
1 0.9644  0.9040 0.9561 09382 1 0.9556  0.9646
0.8908 0.9314 0.4882 0.7701 09673 1 1 0.9891
0.9667 1 1 0.9889 0.6597 03158 1 0.6585
1 1 1 1 09091 1 1 0.9697
1 1 1 1 09685 09385 1 0.9690
0.9020 09472 1 0.9497 1 1 1 1
1 09673 1 0.9891 0.9091 0.8960 1 0.9350
0.9247 09032 1 0.9426 09297 1 1 0.9766
1 1 0.9351 0.9784 1 0.9384 0.9008 0.9464
1 1 0.9691 0.9897 0.8901 09682 1 0.9528
09622 0.5679 0.8390 0.7897 1 1 1 1
0.8515 0.8267 1 0.8927 1 1 1 1
0.8231 0.9297 0.9247 0.8925 0.9634 09074 1 0.9569
1 1 1 1 1 0.9609 0.9384 0.9664
0.9685 0.9360 0.8705 0.9250 09682 1 0.9677 0.9786
1 09505 1 0.9835 1 1 1 1
1 1 0.9691  0.9897 0.8465 09324 1 0.9263
1 1 0.9653  0.9884 1 09324 1 0.9775
1 09359 1 0.9786 0.9279 0.9384 0.7347 0.8670
0.5476 09594 1 0.8357 1 0.9091 0.9247 0.9446
1 09327 1 0.9776 09653 1 1 0.9884
1 09385 1 0.9795 0.9653 1 1 0.9884
1 09622 1 0.9874
1 0.9682 0.9644 0.9775
0.9533 0.9001 0.8575 0.9036
1 1 0.9692  0.9897
0.9660 1 1 0.9887
0.9367 1 0.8807 0.9391
0.9660 0.9377 1 0.9679
1 1 0.9373  0.9791
1 09634 1 0.9878
TA 0.9494 09431 0.9492 09513 0.9480 0.9697
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Table C2: Test averages and participant averages for Cohen’s Kappa comparing 1 to other values (Left half: control,
right half: RADAR, T1: Time 1, T2: Time 2, T3: Time 3, PA: Participant Average, TA: Test Average).

T1 T2 T3 PA Tl T2 T3 PA
1 1 1 1 1 1 1 1
1 0 1 0.6667 1 1 1 1
0.8980 0.8578 0.8598 0.8718 1 1 1 1
1 1 0.8807  0.9602 1 1 1 1
1 0 1 0.6667 1 1 1 1
1 1 0.8164 0.9388 1 07174 1 0.9058
0.7923 1 1 0.9308 0.6286 1 1 0.8762
0 1 1 0.6667 1 1 1 1
0.8807 0.5476 1 0.8094 1 1 1 1
1 1 0.8403  0.9468 1 0.8492 1 0.9497
1 1 1 1 0.7841 1 0.8492 0.8777
0.8403 1 1 0.9468 1 1 1 1
0.8297 0 1 0.6099 1 1 1 1
1 1 0.8492  0.9497 0.7923 1 1 0.9308
1 1 1 1 1 1 0 0.6667
0.6448 0.2664 O 0.3037 0.8403 1 1 0.9468
0 1 1 0.6667 1 1 1 1
1 1 0.9667 0.9889 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 0.6597 0.8866
0.2073  0.6524 1 0.6199 1 1 1 1
1 1 1 1 0.9008 1 1 0.9669
0.6597 0.7923 1 0.8173 1 1 1 1
1 1 1 1
1 1 0.6597 0.8866
09146 0.9008 1 0.9384
1 1 1 1
1 1 1 1
1 1 1 1
1 1 0.7841 0.9280
1 1 1 1
1 1 1 1
TA 0.8153 0.7877 0.9223 0.9644 0.9834 0.9360
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Table C3: Test averages and participant averages for Cohen’s Kappa comparing blanks to other values (Left half:
control, right half: RADAR, T1: Time 1, T2: Time 2, T3: Time 3, PA: Participant Average, TA: Test Average).

T1 T2 T3 PA T1 T2 T3 PA
1 1 0.9667  0.9889 0.8267 0.9690 1 0.9319
1 1 09172 0.9724 09382 1 0.9556  0.9646
1 1 0.9577 0.9859 09673 1 1 0.9891
09634 1 0.9673  0.9769 0.6597 0.5724 1 0.7440
1 09673 1 0.9891 0.8980 1 1 0.9660
1 1 0.9256 0.9752 09691 09351 1 0.9681
09314 09472 1 0.9595 0.7385 1 1 0.9128
0.9384 09673 1 0.9685 09233 0.8983 1 0.9405
0.8980 0.8756 1 0.9245 09328 1 1 0.9776
1 1 1 1 1 0.9685 0.9008 0.9564
1 1 0.9691  0.9897 09673 09691 0.9594 0.9653
09472 0.5646 0.8411 0.7843 1 1 1 1
0.9327 0.8785 1 0.9371 1 1 1 1
0.8274 09313 1 0.9196 0.9313 0.9069 1 0.9461
1 1 1 1 1 0.9609 1 0.9870
0.8656 0.8983 0.9360 0.8999 09634 1 0.9677 0.9770
0.9634 09505 1 0.9713 1 1 1 1
1 1 1 1 0.8344 09247 1 0.9197
1 1 0.9667  0.9889 1 09505 1 0.9835
1 09373 1 0.9791 0.9279 09378 0.9008 0.9221
0.3455 0.8904 1 0.7453 1 09172 0.9324 0.9499
1 09350 1 0.9783 1 1 1 1
0.9594 09069 1 0.9554 09577 1 1 0.9859
1 09609 1 0.9870
1 0.9660 1 0.9887
1 0.9377 0.8575 0.9317
1 1 0.9692  0.9897
0.9660 1 1 0.9887
09328 1 0.8807 0.9378
0.9653 0.9366 0.9297 0.9439
1 1 0.9367 0.9789
1 09533 1 0.9844
TA 0.9379 0.9413 0.9760 0.9469 0.9583 0.9747
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C.2 Mean Difference Graphs
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Figure C1: Topic-based performance mean difference between each pair of times in which participants were tested for
recall (aka remembering - left) and recognition (aka understanding - right), with dotted line showing no difference in
range -1 to 1. C: Control, R: RADAR, BD: Biological Organization Disciplines, CF: Cranial Nerves Functions, CN:
Cranial Nerves, KR: Krebs Cycle Reactions, KS: Krebs Cycle Substrates.
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C.3 ANOVAs and Pairwise Comparisons

Table C4: Topic-based pairwise comparison of combined recall and recognition scores with Tukey method familywise
correction due to the main effect of topic in Table 15. SE: Standard Error, Df: Degrees of freedom, BD: Biological
Organization Disciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves, KR: Krebs Cycle Reactions, KS: Krebs
Cycle Substrates.

Contrast Score 1 Score?2 Estimate SE Df  t-ratio p-value
CN-CF 0.81 0.53 139.53  33.69 1750 4.14  0.0005
CN-BL 0.81 0.76 -222.58 33.69 1750 -6.61  0.0000
CN-BD 0381 0.61 69.59  33.69 1750 2.07 0.3062
CN - KS 0.81 0.54 16548 33.69 1750 491  0.0000
CN-KR  0.81 0.58 226.07 33.69 1750 6.71  0.0000
CF - BL 0.53 0.76 -362.12  33.69 1750 -10.75 0.0000
CF-BD 0.53 0.61 -69.95 33.69 1750 -2.08 0.3004
CF - KS 0.53 0.54 2594 33,69 1750 0.77  0.9725
CF - KR 0.53 0.58 86.54  33.69 1750 257  0.1057
BL-BD 0.76 0.61 292.17 33.69 1750 8.67  0.0000
BL - KS 0.76 0.54 388.06 33.69 1750 11.52 0.0000
BL-KR 0.76 0.58 448.66  33.69 1750 13.32  0.0000
BD - KS 0.61 0.54 95.89  33.69 1750 2.85 0.0510
BD-KR 0.61 0.58 156.49 33.69 1750 4.64  0.0001
KS-KR 054 0.58 60.59 33.69 1750 1.80 0.4670

Table C5: Time-based pairwise comparison of combined recall and recognition scores with Tukey method familywise
correction due to the main effect of time in Table 15. SE: Standard Error, Df: Degrees of freedom, T1: Time 1, T2:
Time 2, T3: Time 3.

Contrast Score 1 Score2 Estimate SE Df  fratio p-value
T1-T2 0.64 0.60 172.16 2398 1750 7.18  0.0000
T1-T3 0.64 0.67 -181.10 2398 1750 -7.55  0.0000
T2-T3 0.60 0.67 -35326 2398 1750 -14.73  0.0000
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Table C6: One-way ANOVA based on task and topic due to interaction between them in Table 15. RCL: Recall, RCG:
Recognition, BD: Biological Organization Disciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves, KR: Krebs
Cycle Reactions, KS: Krebs Cycle Substrates.

One-way ANOVA at each level of task

RCL RCG Task Effect
CN 0.42 0.81 F(1,259) = 183.08,
»=0.0000
One-way B
ANOVA at CF 0.53 0.53 F(_l ,02855939— 0.03,
each level of p=5
topic BL 071 0.76 F(1,259) = 10.18,
»=0.0016
BD 0.53 0.61 F(1,259) =9.56,
p=0.0022
KS 048 0.54 F(1,259) = 5.71,
»=0.0176
KR 039 0.58 F(1,259) = 46.77,
p = 0.0000

Topic  F(5,879) = 29.04, F(5,879) = 42.38,
Effect  p = 0.0000 p = 0.0000

Table C7: Recall’s and Recognition’s topic-based pairwise comparison with Tukey method familywise correction due
to the simple effect of topic in Table C6. SE: Standard Error, Df: Degrees of freedom, BD: Biological Organization
Disciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves, KR: Krebs Cycle Reactions, KS: Krebs Cycle Sub-
strates.

Contrast Scorel Score2 Estimate SE  Df f-ratio p-value Scorel Score2 Estimate SE  Df f-ratio p-value
CN-CF 042 0.53 -84.08 2331 879 -3.61 0.0044 0.81 0.53 242.08 2246 879 10.78 0.0000
CN-BL 042 0.71 -223.12 2331 879 -9.57 0.0000  0.81 0.76 41.17 2246 879 1.83  0.4448
CN-BD 042 0.53 -72773 2331 879 -3.12 0.0230  0.81 0.61 178.66 2246 879 7.96 0.0000
CN-KS 042 0.48 -3323 2331 879 -143 0.7117 081 0.54 230.22 2246 879 10.25 0.0000
CN-KR 042 0.39 28.87 2331 879 124 08179 0.81 0.58 207.94 2246 879 9.26  0.0000
CF-BL 053 0.71 -139.04 2331 879 -596 0.0000  0.53 0.76 -200.90 2246 879 -8.95 0.0000
CF-BD 053 0.53 11.36 2331 879 049 0996  0.53 0.61 -63.41 2246 879 -2.82 0.0547
CF-KS 053 0.48 50.86 2331 879 2.18 0.2475 053 0.54 -11.86 2246 879 -0.53 0.9951
CF-KR 053 0.39 11296 2331 879 484 0.0000 0.53 0.58 -34.13 2246 879 -1.52 0.6515
BL-BD 0.71 0.53 15039 2331 879 645 0.0000 0.76 0.61 137.49 2246 879 6.12  0.0000
BL-KS 0.71 0.48 189.89 2331 879 8.14 0.0000  0.76 0.54 189.05 2246 879 842  0.0000
BL-KR 0.71 0.39 251.99 2331 879 10.81 0.0000 0.76 0.58 166.77 2246 879 7.43  0.0000
BD-KS 0.53 0.48 39.50 2331 879 1.69 0.5360  0.61 0.54 51.56 2246 879 230 0.1968
BD-KR 053 0.39 101.6 2331 879 436 0.0002 0.61 0.58 29.28 2246 879 130 0.7831
KS-KR 048 0.39 62.10 2331 879 2.66 0.0837 0.54 0.58 -22.28 2246 879 -0.99 0.9205
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Table C8: One-way ANOVA based on task and time due to interaction between them in Table 15. RCL: Recall, RCG:
Recognition, T1: Time 1, T2: Time 2, T3: Time 3.

One-way ANOVA at each level of task

RCL RCG Task Effect
T1 0.50 0.64 F(1,571) =50.03,
One-way — 0.0000
ANOVA at p=5
each level of T2 0.35 0.60 F(l , 571) = 149.77,
time p =0.0000
T3 0.68 0.67 F(1,571) =045,
p=0.5036
Time F(2,882) =118.43, F(2,882) = 6.44,
Effect p=0.0000 p=0.0017

Table C9: Recall’s and Recognition’s time-based pairwise comparison with Tukey method familywise correction due
to the simple effect of time in Table C8. SE: Standard Error, Df: Degrees of freedom, T1: Time 1, T2: Time 2, T3:
Time 3.

Contrast Score 1 Score2 Estimate SE  Df t¢-ratio p-value Scorel Score2 Estimate SE — Df f-ratio p-value
T1-T2 0.0 0.35 114.10 1577 882 7.23  0.0000  0.64 0.60 4247 1753 882 242 0.0413
T1-T3 050 0.68 -128.51 15.77 882 -8.15 0.0000  0.64 0.67 -1898 17.53 882 -1.08 0.5253
T2-T3 035 0.68 -242.61 1577 882 -15.38 0.0000  0.60 0.67 -61.45 17.53 882 -3.50 0.0014

Table C10: Recall’s and Recognition’s topic-based pairwise comparison with Tukey method familywise correction due
to the main effect of topic in Table 16. SE: Standard Error, Df: Degrees of freedom, BD: Biological Organization Dis-
ciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves, KR: Krebs Cycle Reactions, KS: Krebs Cycle Substrates.

Contrast Score I Score2 Estimate SE  Df t-ratio p-value Scorel Score2 Estimate SE  Df f-ratio p-value
CN-CF 042 0.53 -90.87 2255 850 -4.03 0.0009  0.81 0.53 257.49 2329 850 11.06 0.0000
CN-BL 042 0.71 -235.69 2255 850 -1045 0.0000  0.81 0.76 4382 2329 850 1.88 04141
CN-BD 042 0.53 -88.24 2255 850 -391 0.0014  0.81 0.61 189.41 2329 850 8.13  0.0000
CN-KS 042 0.48 -47.39 2255 850 -2.10 0.2875  0.81 0.54 235.13 2329 850 10.10 0.0000
CN-KR 042 0.39 2428 2255 850 1.08 0.8907  0.81 0.58 214.12 2329 850 9.19  0.0000
CF-BL 053 0.71 -14482 2255 850 -6.42 0.0000 0.3 076 -213.67 2329 850 -9.18 0.0000
CF-BD 0.53 0.53 2.63 2255 850 0.12 1.0000 0.53 0.61 -68.08 2329 850 -2.92 0.0413
CF-KS 053 0.48 4348 2255 850 193 03857 053 0.54 -2235 2329 850 -0.96 0.9303
CF-KR 053 0.39 115.14 2255 850 5.11  0.0000  0.53 0.58 -4337 2329 850 -1.86 0.4262
BL-BD 0.71 0.53 14745 2255 850 6.54 0.0000 0.76 0.61 14559 2329 850 6.25 0.0000
BL-KS 071 0.48 188.30 2255 850 835 0.0000 0.76 0.54 191.31 2329 850 822 0.0000
BL-KR 0.71 0.39 259.96 2255 850 11.53 0.0000 0.76 0.58 17029 2329 850 7.31  0.0000
BD-KS 0.53 0.48 40.85 22,55 850 1.81 04589  0.61 0.54 4572 2329 850 1.96 0.3644
BD-KR 053 0.39 11251 2255 850 499 0.0000 0.61 0.58 2471 2329 850 1.06 0.8966
KS-KR 048 0.39 71.66 2255 850 3.18 0.0191 0.54 0.58 -21.02 2329 850 -0.90 0.9459

Table C11: Recall’s and Recognition’s time-based pairwise comparison with Tukey method familywise correction due
to the main effect of time in Table 16. SE: Standard Error, Df: Degrees of freedom, T1: Time 1, T2: Time 2, T3: Time
3.

Contrast Score 1 Score2 Estimate SE Df t-ratio p-value Score1 Score2 Estimate SE Df t-ratio p-value
T1-T2 0.50 0.35 120.78 15,50 850 7.79  0.0000  0.64 0.60 38.64 17.62 850 2.19 0.0730
T1-T3 0.50 0.68 -137.44 1550 850 -8.87 0.0000 0.64 0.67 -28.99  17.62 850 -1.65 0.2271
T2-T3 0.35 0.68 -258.22 1550 850 -16.66 0.0000  0.60 0.67 -67.63  17.62 850 -3.84 0.0004
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Table C12: One-way ANOVA due to interaction between condition and topic in Table 16 for recall only [F(5,850) =
4.34, p = 0.0007]. C: Control, R: RADAR, BD: Biological Organization Disciplines, CF: Cranial Nerves Functions,
CN: Cranial Nerves, KR: Krebs Cycle Reactions, KS: Krebs Cycle Substrates.

One-way ANOVA at each level of condition

C R Condition Effect
CN 0.35 0.48 F(1,154) = 6.93,
p =0.0093
Oneway — p 4y 0.57 F(1,154) = 3.06,
ANOVA at o8
each level of p="5
topic BL  0.72 0.70 F(1,154) = 048,
p=0.4897
BD 0.53 0.53 F(1,154) = 0.01,
p=0.9231
KS 036 0.56 F(1,154) = 13.16,
= 0.0004
KR 0.32 0.44 F(1,154) = 4.23,
p=0.0414

Topic  F(5,369) = 20.51, F(5,505) = 11.37,
Effect  p = 0.0000 p = 0.0000

Table C13: Control’s and RADAR’s topic-based pairwise comparison for recall with Tukey method familywise cor-
rection due to the simple effect of topic in Table C12. SE: Standard Error, Df: Degrees of freedom, BD: Biological
Organization Disciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves, KR: Krebs Cycle Reactions, KS: Krebs
Cycle Substrates.

Contrast Scorel Score2 Estimate SE  Df f-ratio p-value Scorel Score2 Estimate SE  Df f-ratio p-value
CN-CF 035 0.47 -38.70  15.03 369 -2.58 0.1061 0.48 0.57 -4595 17.82 505 -2.58 0.1045
CN-BL 035 0.72 -118.23 15.03 369 -7.87 0.0000 048 0.70 -103.23  17.82 505 -5.79  0.0000
CN-BD 035 0.53 -52.69  15.03 369 -3.51 0.0067  0.48 0.53 -20.04 17.82 505 -1.12  0.8710
CN-KS 035 0.36 0.25 15.03 369 0.02 1.0000 0.48 0.56 -32.74  17.82 505 -1.84 0.4425
CN-KR 035 0.32 8.29 15.03 369 055 0.9939 048 0.44 19.01 17.82 505 1.07 0.8945
CF-BL 047 0.72 -79.53  15.03 369 -5.29 0.0000  0.57 0.70 -57.28 17.82 505 -3.21 0.0174
CF-BD 047 0.53 -13.98  15.03 369 -093 09385  0.57 0.53 2591  17.82 505 145 0.6939
CF-KS 047 0.36 3895 15.03 369 259 0.1019 0.57 0.56 1321 1782 505 0.74 0.9767
CF-KR 047 0.32 4699 15.03 369 3.13 0.0233  0.57 0.44 6496 17.82 505 3.65 0.0040
BL-BD 0.72 0.53 6555 15.03 369 436 0.0002 0.70 0.53 83.19 17.82 505 4.67 0.0001
BL-KS 0.72 0.36 118.48 1503 369 7.88 0.0000  0.70 0.56 7049  17.82 505 3.96 0.0012
BL-KR 0.72 0.32 126.52  15.03 369 842 0.0000 0.70 0.44 12224 17.82 505 6.86  0.0000
BD-KS 0.53 0.36 5294  15.03 369 3.52 0.0064 0.3 0.56 -1270 17.82 505 -0.71  0.9804
BD-KR 053 0.32 6098 15.03 369 4.06 0.0009 0.53 0.44 39.05 17.82 505 2.19 0.2436
KS-KR 036 0.32 8.04 15.03 369 0.53 09947 0.56 0.44 51.75 17.82 505 290 0.0443
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Table C14: One-way ANOVA due to interaction between condition and topic in Table 16 for recognition only. C:
Control, R: RADAR, BD: Biological Organization Disciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves,
KR: Krebs Cycle Reactions, KS: Krebs Cycle Substrates.

One-way ANOVA at each level of condition

C R Condition Effect
CN 0.84 0.79 F(1,154) = 3.01,
p =0.0850
One-way B
ANOVA at CF 0.54 0.52 F(_l,ol%gs— 0.13,
each level of p=5
topic BL 0.78 0.74 F(1,154) = 0.96,
p=0.3284
BD 0.62 0.60 F(1,154) = 0.18,
p=0.6723
KS 0.48 0.57 F(1,154) = 2.88,
p=0.0917
KR 0.56 0.58 F(1,154) = 0.50,
p=0.4794

Topic  F(5,369) = 23.42, F(5,505) = 20.51,
Effect  p = 0.0000 p = 0.0000

Table C15: Control’s and RADAR’s topic-based pairwise comparison for recognition with Tukey method familywise
correction due to the simple effect of topic in Table C14. SE: Standard Error, Df: Degrees of freedom, BD: Biological
Organization Disciplines, CF: Cranial Nerves Functions, CN: Cranial Nerves, KR: Krebs Cycle Reactions, KS: Krebs
Cycle Substrates.

Contrast Scorel Score2 Estimate SE  Df f-ratio p-value Scorel Score2 Estimate SE  Df f-ratio p-value
CN-CF 0.84 0.54 103.83 14.27 369 7.28 0.0000  0.79 0.52 139.34  17.30 505 8.06  0.0000
CN-BL 0.84 0.78 1845 1427 369 129 0.7887  0.79 0.74 2342 1730 505 135 0.7546
CN-BD 084 0.62 76.92 1427 369 539 0.0000 0.79 0.60 102.17 1730 505 591  0.0000
CN-KS 0.84 0.48 11834 1427 369 829 0.0000  0.79 0.57 110.61 1730 505 6.39  0.0000
CN-KR 084 0.56 99.01 1427 369 6.94 0.0000 0.79 0.58 108.23 1730 505 6.26  0.0000
CF-BL 054 0.78 -85.37 1427 369 -598 0.0000  0.52 0.74 -115.92  17.30 505 -6.70  0.0000
CF-BD 0.54 0.62 -2691 1427 369 -1.89 04126 0.52 0.60 -37.17 1730 505 -2.15 0.2642
CF-KS 0.54 0.48 1452 1427 369 1.02 09121 0.52 0.57 -28.73  17.30 505 -1.66  0.5585
CF-KR 0.54 0.56 -4.82 1427 369 -0.34 09994 0.2 0.58 -31.11 1730 505 -1.80 0.4676
BL-BD 0.78 0.62 58.46 1427 369 4.10 0.0007 0.74 0.60 7876 17.30 505 4.55  0.0001
BL-KS 0.78 0.48 99.89 1427 369 7.00 0.0000 0.74 0.57 87.19  17.30 505 5.04 0.0000
BL-KR 0.78 0.56 80.55 1427 369 5.64 0.0000 0.74 0.58 84.81 17.30 505 490 0.0000
BD-KS 0.62 0.48 4142 1427 369 290 0.0450  0.60 0.57 8.44 17.30 505 0.49  0.9966
BD-KR 0.62 0.56 22.09 1427 369 1.55 0.6333  0.60 0.58 6.06 17.30 505 035 0.9993
KS-KR 048 0.56 -19.33 1427 369 -1.35 0.7539  0.57 0.58 -2.38 1730 505 -0.14  1.0000
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