HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 11 Issue 4 (2022)

Impact of Note-Taking Mediums on Memory
Recognition

Tamanna Khurana' and Jonathan Frishman#

"Mentor High School, Mentor, OH, USA
#Advisor

ABSTRACT

Note-taking has been the key mechanism for information keeping and an integral part of academic success.
Given the benefits of note-taking in learning, it is very important to identify the most effective technique. Past
research conducted on college students and adults have underlined some of the key methods commonly used to
take down notes, such as digital note-taking or hand written note-taking, but the conclusions are insufficient in
reference to the wider age group and digital redesign of the learning system.

A sample size of 33 students, between the ages 13-18 and enrolled in at least two of the advanced
courses at a high school, were selected to watch a video and randomly assigned to use one of the three options
of note-taking mediums—typing, handwriting or no-note taking at all. After the video, a distractor task of mul-
tiplication problems, an assessment, and a post-experimental survey were administered. A one way ANOVA
test was conducted using the students’ assessment scores. The results revealed that typing notes was the most
efficient note-taking medium, with the highest memory retention of the material.

Introduction

Note-taking is an essential skill often practiced in our day to day lives, from scribbling down a grocery list to
recording key points from a lecture in class. Though these tasks seem unrelated, they all utilize note-taking as
a tool to memorize a set of information by transferring it into a visual copy to be revisited later. In the context
of academics, Dung Bui, a researcher specialized in the topic of working memory, defines note-taking as a
“cognitively demanding skill”, often paired with a lecture which requires students to interpret the lesson, retain
it in their memory, paraphrase it, and write it down simultaneously with the lecture in progress (p. 1).

Handwriting has been the traditional note-taking method but digitalization has gained immense popu-
larity in recent times. In the technological age, a new wave of studying has shifted mediums of note-taking to
incorporate electronic formats such as digital pens, tablets, laptops, as well as e-writers in addition to the tradi-
tional pen and paper notes (Igo, 2005). Particularly during the COVID-19 pandemic, technology has become
increasingly assimilated into classrooms to aid in remote learning (Onyema, 2020). Adoption and globalization
of digital technology has seen great tech advancement through new apps and softwares for convenient interac-
tion between user and tech devices (Grahame, 2016). Students today are able to have a preference in the note-
taking medium that they choose to utilize, for example, longhand or an electronic device.

To understand the magnitude of the impact that this shift in note-taking mediums has caused in the
past decade, it is essential to observe the emergence of note-taking and its integration into the educational
system throughout history. Note-taking can be traced to Mesopotamia as writings were carved on rocks, wax
tablets, and papyrus sheets, but these writings were never transmitted due to the fragile surfaces they were
written on (Blair, 2010). As the neolithic revolution occurred, parchment was introduced followed by paper
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becoming readily available which ushered scholars to record their ideas and scientific discoveries to be trans-
mitted during the Renaissance era (Blair, 2010). As a result, lecture styles also transitioned from orally tran-
scribed presentations to handwritten notes used to memorize assigned readings (Blair, 2010). In schools, stu-
dents were dictated by the master to write the same set of notes in the margins of printed readings and advocated
to personalize their notes (Blair, 2010). The prominent medium for note-taking throughout history has been
longhand (hand writing) which raises the question of how effective and potentially advantageous using an elec-
tronic device to type notes is in relation to enhancing the memory retrieval. This literature review aims to discuss
the cognitive processes involved in note-taking and evaluate the gap with the past research conducted in the
subject field.

Literature Review

Cognitive Load

According to the American Psychological Association (APA) Dictionary of Psychology, cognitive load is de-
fined as “the relative demand” of mental resources “imposed by a particular task” (APA Dictionary of Psychol-
ogy). Note-taking requires more cognitive load than simply comprehending the lecture as it is divided into five
processes: comprehension, pinpoint of key details, relating to past material, paraphrasing, and transforming the
information through either typing or writing (Jansen, 2021). This load placed on working memory is limited to
“7+2 semantic chunks” and must be used efficiently with the utilization of a note-taking medium that allows
for the absorption of information in an effective manner (Shibata, 2018). The difference in cognitive load for
different note-taking mediums is evident in a study conducted by Hirohito Shibata and Kengo Omura, research-
ers and authors of “Why Digital Displays Cannot Replace Paper”, which involved 24 adults ranging from ages
20 to 30 years in a dual task experiment (Shibata, 2018). They used a dual task experiment methodology where
the second task is contingent on the first and the results are a reflection of the first task performance. In the first
part of the experiment, users were given a set of words and then as a second part, they were made to write those
words. The count of words was used to understand the inputting impact on the cognitive load and memory
retention. The cognitive load comparison for typing and handwriting was used to identify the one that is the
more effective medium. The count was analyzed using a mixed model ANOVA. The results revealed that hand-
writing had a higher recollection rate and therefore, less cognitive load than typing, as it did not “interfere with
thinking or memorizing” to the degree that typing did (Shibata, 2018). However, a study conducted by Ian
Schoen at Pitzer College in Claremont, California randomly assigned the college students to either take notes
longhand or by typing on the content of textbook pages. They were made to attend a 16-minute lecture, fol-
lowed by a distractor task, before being tested in a multiple choice format based on the content (Schoen, 2012).
The ANOVA test analyzed the mean and standard deviation of the data which revealed that those who typed
notes displayed higher levels of retention than those who hand-wrote notes, possibly due to a greater transcrip-
tion fluency, the speed at which one can encode and take down notes, reducing the cognitive load (Bui, Schoen,
2012). The studies differ in the fact that Shibata and Omura’s research aims to assess the recall while Schoen’s
study aims to assess the recognition. As stated by Raluca Budiu, a cognitive psychologist with a Ph.D in the
field, the processes of recall and recognition are both a part of working memory with recognition including the
process of recall at a later stage. The difference in cognitive load between typing and handwriting still remains
unclear as both experiments deduced opposing conclusions, but share a similar understanding that simultaneous
note-taking creates a higher cognitive load than only mental comprehension of the lecture.

Encoding and External Storage Effects
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These studies mainly focus on the encoding effect, whether the note-taking medium enables the encoding of
material, rather than the external storage effect, that covers the reviewing or rehearsal of notes (Kobayashi,
2005). To ensure that the results are only testing the encoding effect, participants are not allowed to review or
study their notes by either having a copy of the notes or mentally studying the content. In order to prevent
participants from doing so, a distractor task was administered during the Pitzer college experiment of having to
spell out as many words with letters in the word “CLAREMONT” which isolated the factors to only test the
encoding effect (Schoen, 2012). Similarly, in a widely replicated study conducted by Mueller and Oppenheimer
at Princeton University in 2014, which involved 67 students watching a TED talk while taking notes, either
using a notebook or laptop. After engaging in a 5-minute distractor task, participants took a test containing
factual as well as conceptual questions from material covered in the TED talk (Mueller, Oppenheimer, 2014).
The mixed ANOVA and content analysis of the students’ notes disclosed that those who took notes longhand
scored better on concept based questions but had a lower word count, while participants who typed notes took
more words verbatim from the lecture rather than processing it into their own interpretation (Mueller, Oppen-
heimer, 2014). The influence of the encoding and external storage effects may be different depending on the
note-taking medium. Transcribing the lecture by typing notes conflicts with deeper processing of the material
reducing the encoding effect, but reviewing the notes would involve the external storage effect (Kobayashi,
2005). In contrast, handwriting notes applies the encoding effect since the content is paraphrased and semanti-
cally processed but the complete transcription of the lecture isn't available to review thereby reducing the ex-
ternal storage effect (Kobayashi, 2005).

Visual Attention and Motor Input

As stated by a professor at the University of Stavanger, Anne Mangen, the visual attention and motor input are
split between viewing the screen and typing on the keyboard. On the other hand, handwriting notes maintains
the visual attention on the paper and the motor input, the tip of the pen, to be very close, resulting in handwriting
being a more lateralized process when compared to typing. Despite the visual attention-motor input split in
typing notes, “less precise manual movements are required” when compared to handwriting which required
more “motorically controlled” movements (Mangen, 2015). When taking notes longhand, “the writer has to
graphomotorically form each letter,” i.e. create a graphic in mind for each letter before writing it down on paper
whereas in keyboard, the letters are in a standard universal format and it becomes much faster to digitally
capture information (Mangen, 2015). A Slovenian case study conducted by a professor in University of Maribor

LT3

with specialization in education, Metka AberSek, emphasized that younger age groups’ “visual attention is com-
monly restricted to precisely the point where the pencil hits the paper” when writing notes. The Slovenia re-
search utilized mixed methods of quantitative and qualitative research as the goal was to explore note-taking
modalities and memory retention with 5th grade primary school students as the main participant group in a
classroom setting (AberSek, 1970). Students were told to conduct a small research project about a biological
topic and write an essay which would be scored according to the IWM test developed by the researchers
(Abersek, 1970). The study analyzed essays and concluded that note-taking modality had no effect on the word
count, however, students who hand wrote notes had an elementary level sentence structure and showed a deeper
understanding of the material (Abersek, 1970). A study conducted by the same professor, Anne Mangen at
Norwegian University involved 36 females between ages 19-54 who were asked to listen to word lists, consist-
ing of target as well as distractor words, and copy down the words using either writing, typing on a laptop
keyboard, or typing on a virtual touch ipad keyboard. Participants were then asked to recall as many words from
the word list and to recognize those words on a scrambled list. Analysis of variance and non parametric tests
such as the Mann-Whitney U test concluded that handwriting was the medium with higher recall but there was
“no difference between writing modalities with respect to recognition” (Mangen, 2018). Both studies conclude

ISSN: 2167-1907 www.JSR.org 3



HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 11 Issue 4 (2022)

that handwriting notes may have offered cognitive benefits that typing notes did not, such as the spatiotemporal
contiguous visual attention and haptic input in relation to episodic verbal memory (Abersek, 1970).

Gap

As stated in the study conducted in Slovenia, “it was noticed that the majority of existing research was per-
formed on samples from the adult population (university students),” indicating there is a prominent gap, given
only the college students and the similar age group participants were tested in the past studies related to note-
taking mediums and memory retention (Abersek). To complement the past studies conducted with college stu-
dents as the main participant group, and to expand the scope, a study will be conducted with high school students
enrolled in at least two college level courses as the participant group. The study will aim to explore the effects
of note-taking mediums on high school students’ (ages 14-18) memory retention and answer the following
question in attempt to reduce the gap in research: Through a mixed method quantitative - qualitative study, is
there a significant difference in high school students’ memory retention and their recognition of the material
when taking notes by hand or by typing into the QWERTY keyboard?

Methods

Design

Replicating past research’ methods in the field, a quantitative-qualitative mixed method approach would be best
suited for this study as it would maximize data collection with quantitative memory retention test scores and
relate it to the qualitative content analysis of students’ notes along with survey responses. Specifically, data
would be analyzed in a convergent parallel design where the quantitative and qualitative data would be analyzed
separately but interpreted together to establish the relationship between note taking mediums and memory re-
tention that my question is addressing. This data would be collected in an experimental design as it would allow
to manipulate the variables, the note-taking mediums students are assigned to, in a controlled environment. The
independent variable of the study would be the assigned note taking medium (typing, longhand, or no-notes)
with the no-notes group being the control group of the study. While the dependent variable would be the par-
ticipants’ memory retention test scores with the higher score signifying efficient memorization of the material.
Similar to previous research by Hirohito Shibata and Kengo Omura, a dual task method to assess cognitive load
and the performance will be used, followed by the one-way ANOVA test to analyze the statistics. The first part
of the dual experiment will be watching the video and taking notes, while the second being the test to assess the
memory retention of the content. Further, the parametric equivalent of a Mann-Whitney U test, an unpaired t-
test will be performed to analyze the data due to its normal distribution.

Hypothesis

Writing is still the key method used to instant capture any information. While typing is considered to be a faster
method that the learner can quickly turn back to the lecture, longhand notes are defined to be more paraphrased
than laptop notes and less verbatim, leading to extended processing of the material during note-taking. In view
of the past research and the causation effect of the independent variable of hand writing notes resulting in the
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elevated dependent variable of high memory retention test scores, it was hypothesized that the longhand is the
most effective method for concise note-taking, thereby achieving greater memory retention.

Participants

There are primarily two basic sample size methods utilized in the study - the convenience sampling and volun-
teer sampling. Convenience sampling is a form of quota sampling but an uncontrolled non probability method
while quota sampling involves certain characteristics needed to participate in the study. Convenience sampling,
with introduction of certain limitations in order to have controlled results, was used to verify that the participants
who volunteered were characteristic representations of the population. To volunteer for the experiment, the
quota was set that required participants to be currently enrolled in at least two 5.0 courses at the school. This
restriction filtered volunteers to those who are required to take more notes on a daily basis, given the rigorous
level of their courses and the added time management pressures. A sample size of approximately 33 participants
was used in accordance with the central limit theorem and the large enough sample rule, that the minimum
sample size to measure normal distribution should be n>=30 where n is the sample size. It was also stated that
a split plot design with two groups must require at least 10 participants per group in order to have at least 90%
power when conducting the test. The sample size included Freshmen, Sophomores, and Juniors from the pop-
ulation of the high school which met the 5.0 course criteria.

Materials

Youtube Video

A 16 minute and 23 seconds long Youtube video titled, “The Riemann Hypothesis, Explained” by the channel,
“Quanta Magazine” was used. The video was recently published on January 4, 2021 and is narrated by Alex
Kontorovich, a professor specializing in mathematics at Rutgers University. In the video, Professor Kontorovich
comprehensively explains the mathematical theory of the Riemann Hypothesis, which was first proposed in
1859 by Bernhard Riemann and solved by Dr. Kumar Eswaran in 2016 for a 1 million dollar prize. Topics
discussed in the video include the Prime Counting Function, Logarithms, Gauss’s conjecture, the Zeta Function,
Imaginary Functions, and Trivial Zeros, and the Critical Line. The video contained 5 or fewer words per slide,
labeling the term with graphs and tables to visualize the relationship between the numbers.

Longhand Group
Students in the longhand group will be provided with blank sheets of college ruled lined paper paired with a
No. 2 pencil to take notes.

Typing Group
Students in the typing group will take notes on the video, using a google document on the Lenovo monitors and
QWERTY keyboards provided by the school district.

Procedure
A team generator web tool was used to randomly assign students and group them under one of three note-taking
methods: Longhand group, Typing group, or No-notes group. Before starting the procedure of note-taking, the

names of all the participants were entered into the website, which randomly assigned them into one of the three
groups, with each group having an equal number (11) of participants.
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The classroom was arranged with Lenovo monitors, QWERTY keyboard, a mouse, and pencil at all
seats with 2 sheets of paper at a few seats. To replicate a classroom lecture setting, students participated in
smaller groups of around 10-15 students each day for three days. “The Riemann Hypothesis, Explained”
Youtube video was displayed onto the smart board screen in front of the students with closed captions turned
on. Students were instructed to take notes on the video as they do in the class and were allowed to use as many
sheets of paper or documents as needed. However, the third group, assigned not to take any notes, was instructed
to only watch the video. The researcher and a teacher were present in the room to administer the experiment.
After the 16 minute long video is finished, sheets of notes were collected by the experimenter and the google
documents were closed after being emailed to the researcher. Participants in all three groups were then in-
structed to complete a set of 10 multiplication problems in five minutes (see Appendix A), as a distractor task
to prevent mental recall of the information. Students were then given a memory retention test consisting of 25
multiple choice questions (see Appendix B), including factual information and vocabulary quoted from the
video to assess recognition of the material within the time limit of 25 minutes. Followed by the test, they were
given a post experimental exit survey consisting of questions about their note-taking strategy in class along with
their demographic details such as their age, grade level, gender and race (see Appendix C).

Ethical Considerations

Due to the majority of the participants being minors, consent forms (see Appendix D) were required to be signed
by the participants’ parents in order for them to participate in the study and participants were free to withdraw
from the experiment at any time. Participants’ survey responses were kept confidential and test scores were
kept anonymous to prevent any discrimination or social harm from score comparisons between the participants.
Participants were all debriefed of the study after data collection was complete. The experiment was approved
by the school’s IRB prior to data collection to ensure that ethical issues were minimized.

Results

Quantitative

Students’ memory retention test scores were graded out of a maximum score of 25, with 1 point per question
answered correctly and no points deducted for incorrect answers (see Appendix E). To ensure that the data set
was normally distributed, test scores were plotted onto a Q-Q plot (see Appendix F). The plot confirmed that
the data was indeed normally distributed supported by the skewness as seen in Table 1 fell between -0.5 and
0.5, verifying the data was almost symmetrically distributed. The Excess Kurtosis in Table 1 was also between
-2 and +2 signifying that the distribution was slightly flat but still considered acceptable for normal distribution.

Table 1. Q-Q Plot of Memory Retention Test Score Results

M Variance Skewness

Test Scores 14.55 15.07 0.07 -1.38
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Scores were then inputted and analyzed for descriptive statistics using Microsoft Excel as depicted in
Table 2. Skewness and Kurtosis distribution for each individual group seemed within the desired parameters as
stated previously. From the descriptive statistics and Q-Q plot, it was confirmed that the the tests were narrowed
down to parametric tests such as the one-way ANOVA, Pearson Correlation, and unpaired t-tests for further
analysis of the data.

Table 2. Descriptive Statistics Table

Note Taking

Medium n Mean SD Median Min Max Skewness |Kurtosis
Typing 11 16.64 2.77 18 12 20 -0.61 -1.2
Longhand 11 12 2.61 11 9 17 0.53 -0.81
No-Notes 11 15 4.65 17 9 21 -0.02 -1.62

A one-way, single factor ANOVA Test was conducted to perform an analysis of the effect of students’
note-taking medium (typing, writing, and no-notes) on their test performance as seen in Table 3. The test re-
vealed that at least two groups had a statistically significant different mean test score, therefore, the null hy-
pothesis was rejected. For further comparison, Tukey’s HSD Post Hoc Test was conducted and it was observed
that the mean of the Typing group was significantly different than the Writing group. However, there was no
statistical difference between the Typing and No-Notes group, as well as the Writing and No-Notes group.

Table 3. ANOVA Test Summary

Note Taking Medium |Count Sum Average Variance

Typing 11 183 16.64 7.65

Writing 11 132 12 6.8

No-Notes 11 165 15 21.6

One-way Analysis of Variance

Source of Variation |Sum of Squares |(df Mean Square F-value p-value
Between Groups 121.64 2 60.82 5.06* 0.013%**
Within Groups 360.54 30 12.02

Students’ memory retention test scores were analyzed using a one-way ANOVA test *F crit = 3.32
*#p<0.05

Qualitative

For the content analysis portion, participants’ typed and handwritten notes were converted into a transcript to
count the number of words. Word count for both the Typing and Longhand groups were inputted as the Y values
in the Pearson Correlation Test while the corresponding memory retention test scores were inputted as the X
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values. This was done to establish that there is a significant correlation between word count and memory reten-
tion in the experiment. In Table 4, the corresponding p-value for the correlation coefficient was statistically
significant as implicated by conducting the Pearson Correlation test.

Table 4. Pearson Correlations between Memory Retention Score and Overall Word Count

Test Score Overall Word Count
Test Score Pearson's r - 0.5
p-value - 0.02%*
Overall Word Count Pearson's r 0.5 -
p-value 0.02* -

p<.05%

The transcript for the Riemann Hypothesis video was put into an n gram python program along with
each participant's notes transcript to compare the number of words that were common between both documents.
The number of words captured or the verbatim from the video’s transcript was recorded as the “Verbatim Word
Count” in Table 5. The Pearson Correlation test was conducted again, this time comparing each individual
student’s memory retention test score and verbatim count from their notes. The result was not statistically sig-
nificant as the p-value was out of range.

Table 5. Pearson Correlations between Memory Retention Score and Verbatim Word Count

Test Score Verbatim Word Count
Test Score Pearson's r - 0.26
p-value - 0.25*
Verbatim Word Count Pearson's r 0.26 -
p-value 0.25% -

p<.05%

To analyze the significance of the differences in overall word count and verbatim count for the Typing
and Writing groups, unpaired t-tests were conducted which are summarized in Table 6. The test results indicated
that the word count for typed notes was higher than for handwritten notes as the p-value falls in the acceptable
range stated earlier. The t-test findings indicated that typed notes had a significantly higher verbatim infor-
mation overlap than handwritten notes.

Table 6. Results of T-Tests Analyzing Overall Word Count and Verbatim Word Count

Typing Writing t(20) p-value [Cohen's d
M SD M SD

Overall Word

Count 211.36 87.87 96.73 61.65 3.54 0.002* [1.51
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Verbatim Word

Count 1.11

37.46 14.93 21.73 13.44 2.6 0.02%*

p<.05%

The second segment of the content analysis covers the post experimental exit survey that participants
completed after the memory retention test (see Appendix G for survey responses). The survey consisted of
questions seen in Table 7. Each question was on the survey and participants were asked to respond accordingly
to the Likert scale. The primary goal of these survey questions was to determine how the participants overall
experience was, how they felt towards their note-taking medium - positively or negatively. Their attitude to-
wards their medium was measured in terms of the effectiveness in their memory retention, ability to simultane-
ously listen while taking notes, and whether they would use the medium again in future.

Table 7. Post Experimental Questionnaire

Question Number Question

The note-taking medium you used was effective in retaining information covered in

1 video.
2 You were able to take notes and watch the video attentively without any interference.
3 It is likely that you will implement the use of the note-taking medium in the future.

The survey questions were formatted as likert scale questions with 5 option choices ranging from
strongly disagree to strongly agree. The responses were then coded into numerical data for analysis according
to Table 8.

Table 8. Coding Likert Scale Questions

Strongly Disagree Disagree Neutral Agree Strongly Agree

1 2 3 4 5

In Table 9, a few participants from the typing group felt slightly negative but mostly were neutral about
the effectiveness of their note-taking medium in retaining the information that was covered in the video. How-
ever, also a majority felt that they were able to type while attentively following the video. Most participants of
the group also agreed that they will implement the use of typing as a note-taking medium in the future. Overall,
the typing group showed inclination and felt more positive about their note-taking medium when compared to
the longhand group. Data was inputted into charts as seen in Appendix H.

Table 9. Typing group post experimental questionnaire responses

Question Strongly Disagree Disagree Neutral Agree Strongly Agree
1 18% 18% 45% 18% 0%

2 9% 0% 18% 9% 64%

3 9% 9% 27% 36% 18%
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Overall, there were 11 responses for the Typing group.

In Table 10, the Longhand group did not feel that their note-taking medium was effective as the ma-
jority of the responses disagreed with the question. However, more students agreed that their note-taking me-
dium enabled them to follow along with the video. The majority of students in this group turned to be supportive
of their option to use the Longhand note-taking medium in the future. Overall, responses within the longhand

group had a fairly mixed opinion since some felt positively about the medium while others were not so support-
ive. Data was inputted into charts as seen in Appendix I.

Table 10. Longhand group post experimental questionnaire responses

Question Strongly Disagree Disagree Neutral Agree Strongly Agree
1 9% 45% 0% 45% 0%
2 9% 18% 27% 36% 9%
3 0% 9% 18% 36% 9%
Overall 6% 24% 15% 45% 9%

Overall, there were 11 responses for the Longhand group.

In Table 11, the no-notes group was the only group where the higher number of participants felt posi-
tively about the effectiveness of their note-taking medium in retaining the information covered in the video.
Majority also felt that their (no) note-taking option was acceptable while watching the video. They also strongly
agreed that they would continue to follow the use of the not taking notes choice in the future. Overall, this group
showed the most positivity about their no-note taking choice, out of the three note-taking medium groups. Data
was inputted into charts as seen in Appendix J.

Table 11. No-Notes group post experimental questionnaire responses

Question Strongly Disagree Disagree Neutral Agree Strongly Agree
1 0% 9% 36% 55% 0%

2 0% 9% 9% 27% 36%

3 0% 18% 0% 0% 82%

Overall 0% 18% 15% 27% 39%

Overall, there were 11 responses for the No-Notes group.

Responses for the open-ended questionnaire regarding students’ common medium of note-taking were
also compiled into Table 12 where any response involving pencil and paper for note-taking was coded as long-
hand. For example, “Journal” and “Paper” involved a writing utensil and a physical piece of paper so they were

coded under the category of Longhand. The chart in Figure 5 showed that participants primarily used the long-
hand medium as it comprised 81.8% of the responses.

Table 12. Participants’ Experience with Note Taking Mediums
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Note Taking Medium Number of Responses Percentage of Responses
Longhand 25 75.80%

Laptop 3 9.20%

Ipad/Tablet 1 3.00%

Journal 1 3.00%

No-Notes 1 3.00%

Paper 1 3.00%

Equally Longhand and Laptop 1 3.00%

There were 33 responses in total responding to, “What note-taking medium do you commonly use?”’

It was deduced from the results displayed in Table 13 that the majority of students at least take a few
notes in class as 57.6% was the highest percentage amongst the three. In total, more than 80% showed a de-
pendency on notes taken. Overlap between the amount of notes each student takes in class as well as their note-
taking medium was measured to assess for confounding variables such as previous experience with note taking
with the assigned medium that may have skewed the results.

Table 13. Participants’ Experience with Taking Notes

Amount of Notes Taken in Class Number of Responses Percentage of Responses
I don’t take notes 4 12.10%
I take few notes 19 57.60%
I take a lot of notes 10 30.30%

Note. There were 33 responses in total responding to, “How many notes do you usually take in a class
environment?”

Discussion

According to the statistical analysis of the data of students’ test scores and the results obtained, the typing group
scored the highest. There is empirical evidence that the group which typed their notes had the highest recogni-
tion rate when compared to the groups who hand wrote their notes.

The n gram python program was used to capture the word count and the results showed that the par-
ticipants in the typing group had higher overall word count noted from the lecture in comparison to the long-
hand. The verbatim count for the typing group was also higher but non-significant Pearson correlation results
winnowed out the probability of verbatim count having an influence on the individual’s test performance. Evi-
dently, the significant Peason correlation calculations confirmed that the higher word count elevates the test
scores. Using deductive reasoning, the inference was drawn that the higher overall word count will have a direct
influence on better performance with higher test scores. One possible explanation for this is that the transcrip-
tion fluency of typing is significantly higher than of writing with the reduced cognitive load. With a relatively
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fast paced video of a complex mathematical theory, using a QWERTY keyboard or actively retaining the infor-
mation by simply watching may have been less time consuming compared to transcribing the video in a graph-
omotorik manner by handwriting content onto paper.

Similar to the study by Schoen, 16 minutes video was played to take notes, followed by a distraction
task, the Anova and t-test for calculation, the results were in alignment that typing is the most effective method
of note-taking. The findings of the research were in contrast with the conclusions of studies conducted by Hi-
rohito Shibata and Kengo Omura, as well as Mueller and Oppenheimer, that reported the handwriting group to
have the highest memory retention. However, the results aligned with Mueller and Oppenheimer study for they
both reported the typing group to have a higher overall as well as verbatim word count and thereby high memory
retention.

The typing group involvement was supported by the survey data analysis identifying the group to be
most comfortable with their note-taking medium, depicted by their positive response to most of the questions,
while the hand writing group was partially negative about their given choice of note-taking medium. This was
in contrast to the survey results revealing that the majority of participants were used to hand writing notes in
school and had the proficiency with longhand. The outcome and analysis strongly suggests that students should
be allowed to utilize their preferred medium of note-taking including the use of technology and digital tools in
class having the effect of higher cognitive processing and improved academic efficacies.

In response to the research question and also the hypothesis falsified, the study concluded that the high
school students had significantly higher memory retention when typing notes, compared to writing, with the
higher transcription fluency and therefore, resulting in a reduced cognitive load for typing. The implications of
these findings suggest that typing may become the preferred lecture note-taking medium due to its high tran-
scription fluency and memory recognition. It may also support the increasing use of technology in the education
system.

Limitations

The efforts were made to minimize limitations by administering random assignment of note-taking medium and
conducting multiple trials. The findings of the research were still in light of a few potential limitations that may
have influenced the results. The first and the foremost in this research was the sample size. The study targeted
the gap pertaining to the participant age groups as students sampled were of higher school age. However, due
to the limited population to sample from, since the school only had 9th - 11th grade levels, the grade level of
participants was restricted given the 12th grade students were not present to participate. The student presence
count was also low due to the pandemic, again limiting the number of participants. Further, the condition of
student enrollment in at least 2 college level courses was a qualifier to select participants that may require to
engage deeply in rigorous note-taking. The Juniors may have had higher excellence in note-taking strategies
and performed better, while the Freshmen and Sophomores may still be transitioning to rigorous learning. An-
other potential contributing factor could be the format of the lecture and the students’ motivation. The focus of
note-taking is to strategically retain maximum information in order to achieve high test grades. The activity
performed was not linked to the school grades and there were no after benefits offered. The students’ disinterest
in the topic chosen for the video to watch and lack of tangible rewards may have caused demotivation and
students’ ignorance in sincerely taking notes, thereby, impacted their performance and the results. Testing a
diverse age group and from different schools could be the next step to attain more conclusive results and elim-
inate the limitations.

Conclusion
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Further research on the topic is needed to fully address the limitations of the study to conclude a correlation
between note-taking mediums and a range of memory recall test scores.

As identified and emphasized by professor Abersek, the younger age group have the visual attention
restricted to the point of writing and that note-taking modality had no impact on the word count but certainly a
deeper understanding of the content. To draw a valid conclusion, the sample size can be increased to cover a
diverse group of participants in order to ensure the representativity of the high school student age group, and
can even be expanded to elementary and middle school grade levels. It would also be beneficial to conduct this
in a natural but controlled classroom environment so students would be inclined to try just as hard on the
memory test as they would for a test in their classes and motivation would not be a confounding variable. This
research explicates the abstracts of the debate in the current body of work concerning the use of digital technol-
ogy in note taking; it further validates the past inferences, including the high school students, abridging the gap
in research. The learning institutes need to plan to make added investments in digitalization and allow the
students to use technology for effective note taking.
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