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The Effect of Note-taking Modality on Offloading and Memory under Cognitive Load

Each day, individuals experience different environments where they have to remember
information. There are two primary strategies that one may use to remember information. One
strategy is to store the information internally, using one’s own cognitive resources. Alternatively,
an individual can choose to store the information using an external tool, an example of cognitive
offloading (see Risko & Gilbert, 2016 for an overview). People frequently offload information,
especially when there is more information presented than they can hope to remember. One
primary way individuals offload is by taking notes. For example, more than 90% of students
report that they frequently or always take notes on the material that is presented in a class lecture
(e.g., Morehead et al., 2019b; Witherby & Tauber, 2019).

One central question in the note-taking literature is whether the modality used for taking
notes impacts how well the to-be-remembered material is learned. That is, how memory
performance may differ based on whether the information was recorded using a pencil and paper
or using an electronic device, such as a computer. There are conflicting findings in the literature
(e.g., Bui et al., 2013; Mueller & Oppenheimer, 2014), such that there is not a clear answer of
whether handwriting or typing is associated with better learning or performance (see Allen et al.,
2020 for a meta-analysis). By using the cognitive load theory (Plass et al., 2010; Sweller, 1994)
and a dual-task approach, the current experiments investigated how note-taking modality may
influence an individual’s memory performance and offloading decisions (Experiment 1) and
whether the difficulty of the to-be-learned material influences individuals’ cognitive load, and

modality use, and performance (Experiment 2).



Use of Offloading

In many cases, offloading is used to achieve a goal by reducing the cognitive demand of
the task (e.g., Risko & Gilbert, 2016). In other words, offloading can “take the load off” of an
individual’s memory system by alleviating the need to hold the information internally. By
offloading information, people are often capable of accomplishing a task more efficiently.
Gilbert (2015) found that when participants offloaded an intention (e.g., dragged a circle to a
particular side of a box), their performance improved as compared to when they only relied on
their own memory to correctly complete the intention. Additionally, people can often store more
information when offloading than would be possible when relying on their own internal
cognition (e.g., Schonpflug, 1986). Humans have limited working memory capacity, but can
often overcome those limitations by using an external storage. For example, when individuals are
given the option to take notes and use them on an upcoming test, they often remember more
material than participants that were not allowed or chose not to take notes (e.g., Risko & Dunn,
2015).

Additionally, the act of taking notes benefits learning and memory, often referred to as
the encoding effect (Di Vesta & Gray, 1972). This theory is supported by research which has
found taking notes, even in the absence of a review session, is beneficial for performance
outcomes (see Kobayashi, 2005 for a meta-analysis). Relatedly, previous research also has found
that information that is recorded by the participant is more likely to be remembered as compared
to information that was presented but not recorded (e.g., Aiken et al., 1975; Bretzing & Kulhavy,
1981; Carter & Van Matre, 1975; Peper & Mayer, 1978; Van Matre & Carter, 1975). Offloading
information can also be beneficial when learning subsequent, new information such that

individuals can remember future to-be-remembered information better when they recorded the



previous information (e.g., Storm & Stone, 2015). This pattern of results may be due to the fact
that the offloaded information is less likely to interfere with the information that is currently
being learned as compared to when the target information is stored internally. Thus, note-taking
can be beneficial for a variety of reasons and has been shown to lessen the demands of a task.

While note-taking may alleviate some of the cognitive load of the task, it is also
important to consider that the act of note-taking can be cognitively demanding (Jansen et al.,
2017; Kellogg, 1987, 2008; Piolat et al., 2005). When a learner is taking notes, they have to
listen to or read the material, comprehend its meaning, select the information that they would
like to record, and then record it (e.g., Friedman, 2014). It is also important to consider that
transcription is often slower than comprehension, tasking learners with mentally storing some of
the information that they want to record (e.g., Piolat et al., 2005). Additionally, several behaviors
may be occurring when offloading to increase the efficiency of note-taking such as abbreviation,
paraphrasing, or organizing (e.g., Jansen et al., 2017; Piolat et al., 2005), all of which may be
effortful for the individual. Note-taking is also challenging because individuals should select the
important information that will aid their understanding; however, many studies have found that
students have trouble identifying the main points of a topic that are important to record (e.g.,
Hartley & Marshall, 1974; Kiewra & Benton, 1988; Northern et al., 2022).

The benefits and costs associated with note-taking may also depend on the modality (e.g.,
typing versus writing) used to offload. However, there is disagreement in the literature on the
extent to which the note-taking modality affects performance. Some research suggests that taking
notes by hand leads to higher subsequent test performance as compared to typing notes (e.g.,
Aguilar-Roca et al., 2012; Allen et al., 2020; Frangou et al., 2018, 2019; Fried, 2008; Horbury &

Edmonds, 2021; Mangen et al., 2015; Mueller & Oppenheimer, 2014; Smoker et al., 2009). One



reason that writing may produce better learning outcomes as compared to typing is because
individuals who take notes by hand are less likely to copy the materials verbatim (e.g., Mueller
& Oppenheimer, 2014). Thus, it is argued that individuals who write may process the
information in a more meaningful way (i.e., writing is associated with deeper processing;
Mueller & Oppenheimer, 2014; Smoker et al., 2009). This supports some findings which suggest
that writing is better than typing for performance on conceptual questions (e.g., Horbury &
Edmonds, 2021; Mueller & Oppenheimer, 2014).

Additionally, in the only known study which investigates cognitive load and modality
using the dual-task paradigm, Bouriga and Olive (2021), for the primary task, instructed
participants to complete a copying task, by writing and typing the selected texts. While
participating in the copying task, for the secondary task, participants responded to an auditory
tone with a foot pedal. Results revealed that participants were faster to respond to the tones when
they were in the writing as compared to the typing, suggesting that typing is associated with
more cognitive load. The authors suggest that the physical movements done when handwriting
may be more automatic and consume less working memory capacity as compared to typing (see
also Piolat et al., 2005). Finally, one reason that writing may be advantageous in the classroom is
because technology can often be a distraction to students, with those using devices having to
refrain from multitasking to learn optimally (Kay & Lauricella, 2011; Sana et al., 2013; for a
review see May & Elder, 2018). These findings have real-world implications: the work described
above may have influenced some instructors to ban the use of laptops within their classrooms
(e.g., Maxwell, 2007; Yamamoto, 2007).

In contrast, a limited number of studies suggest that typing is associated with more

favorable outcomes than writing (e.g., Bui et al., 2013; Fiorella & Mayer, 2017; Gulek &



Demirtas, 2005). One potential explanation in support of typing is that individuals can type faster
than they can write (Brown, 1988; e.g., Aragon-Mendizabal et al., 2016; Bui et al., 2013; Luo et
al., 2018). Individuals who type notes, therefore, may be able to record more information than is
possible when writing. If learners have to process a significant amount of content, those who
type may be able to keep up better compared to those who write. As such, previous studies have
found that transcription speed is often a predictor for not just the quantity of notes produced, but
also the quality (e.g., see Peverly, 2006; Peverly et al., 2007). Traditionally, writing was the
prominent transcription method taught to students, but due to the increasing affordability and
ease of digital technology, electronic forms of note-taking have become widely accepted and
students may be as proficient, or even more proficient, in typing as compared to writing. From
this perspective, proficient typists may experience lower cognitive load than writers when note-
taking because of the speed at which they can type; however, there is limited research in this
area.

Interestingly, other work has found no consistent difference in performance between
groups engaging in typing or writing (e.g., Beck, 2015; Luo et al., 2018; Morehead et al., 2019a;
Urry et al., 2021). These studies often suggest that other factors surrounding the learning
situation may have more impact on memory than the modality being used. For example, Lin and
Bigenho (2011) found that when there was an auditory and visual distraction presented during
the experiment, participants in a “no notes” condition outperformed both the typing and the
writing condition on a final test. However, when the participants did not experience any
distractions while taking notes, participants performed better on the final test when they took
handwritten notes than when they typed notes or did not take notes at all. Overall, these results

may inform why there may be a difference between modalities in some studies but not others, as



extraneous variables may be varied between studies. Thus, the current study will address two
different variables that may begin to answer the question of what variables influence the
effectiveness of an offloading modality. Experiment 1 will investigate one area that has been
largely overlooked in the note-taking literature: the demand imposed by the task (i.e., the
cognitive load of the note-taking modality). Experiment 2 will extend previous findings by
incorporating different levels of difficulty of the to-be-learned material to understand how
stimuli may influence the effect of note-taking modality on learning.
Cognitive Load Theory

People use their working memory to process to-be-learned information (e.g., see
Baddeley, 1992 for a review). For example, students use their working memory to comprehend
the information that is being spoken in a lecture and to decide what information should be
recorded (e.g., Piolat et al., 2005). However, working memory can only contain a certain amount
of information while concurrently processing the new, incoming material (Baddeley, 1990, 2007,
Baddeley et al., 2009; Baddeley & Hitch, 2001; Cowan, 2001; Engle, 2002; Posner, 1982; for a
review see Oberauer, 2019). Although the capacity of working memory may differ between
individuals, every individual is limited in the amount of information they can work with at one
time. Based on this assumption, cognitive load theory (see Chandler & Sweller, 1991; Sweller,
1988, 1989; Sweller et al., 1990) attempts to understand the way in which a learner’s cognitive
resources are allocated. The theory posits that the design of the learning instructions and task has
significant implications for how well individuals can learn. Specifically, cognitive load theory
suggests that there are detrimental effects on learning when there is too much cognitive load
imposed during the task (e.g., Artino, 2008; Sweller, 1988). Cognitive load theory, which has

been incorporated into educational research, proposed that by manipulating the design of the



learning environment, and measuring cognitive load, researchers can understand how to
minimize cognitive load and thereby improve learning outcomes (Artino, 2008; Sweller, 2005).
There are three primary categories of measurements that researchers use to examine
cognitive load: self-report, physiological outcomes, and the dual-task method. Although each
measure has its benefits and drawbacks (see DeLeeuw & Mayer, 2008), the current study will
utilize the dual-task methodology to measure cognitive load. The dual-task methodology is
advantageous because it is an objective way to measure cognitive load (i.e., compared to
subjective self-report measures; Briinken et al., 2003; Schoor et al., 2012). The dual-task method
is also beneficial because it measures the load during the task as compared to a retrospective
measurement, such as self-report that is often taken at the end of the study (Schoor et al., 2012).
When a study utilizes a dual-task approach, a primary and secondary task occur
concurrently. Specifically, the participant engages in a primary task which is often manipulated
so that researchers can examine the effects of the manipulation on learning outcomes (e.g.,
performance) and cognitive load. The measurement of cognitive load is the secondary task,
where participants may respond to an auditory tone or to a change in one key feature of the
environment (e.g., a distinguished letter changing colors on the screen where learning materials
are located; for examples see Briinken et al., 2002; Chandler & Sweller, 1996). The reaction time
to the secondary task is considered a measure of how much cognitive load the primary task
requires. Specifically, if the primary task is more demanding of one’s memory resources, there is
higher cognitive load, and therefore reaction times to the secondary task will be slower. The
opposite pattern of results occurs when the primary task is less demanding. Participants are

instructed to first attend to the demands of the primary task and then respond to the secondary



task. As such, the secondary task should not add any cognitive load in this design (Briinken et
al., 2002; Martin, 2014).

Cognitive load theory has become an influential theory within education research (e.g.,
Schmeck et al., 2015; Sweller et al., 2019) however, the use of the dual-task methodology is still
rather sparse (for exceptions, see Ayres, 2001; Briinken et al., 2002; Chandler & Sweller, 1996;
Lansman & Hunt, 1982; Madrid et al., 2009; Marcus et al., 1996; Renkl et al., 2003; Sweller,
1988). Further, the dual-task has not yet been utilized when investigating how the offloading
modality used to record notes may affect the cognitive load in a learning task. One study done by
Ruan and colleagues (2015) investigated the modality of offloading within the framework of
cognitive load theory, however, instead of using the dual-task method, they used self-report as a
measurement of cognitive load. The participants reported that using a digital tool for note-taking
was advantageous for convenience, while taking longhand notes better for reading
comprehension. However, they found that cognitive load was higher while writing, as
participants’ reported that writing took more effort and resources than typing (Ruan et al., 2015).
In a more recent study, Bouriga and Olive (2021) applied the dual-task methodology to a
copying task. They found that when participants were instructed to copy the provided texts, they
were faster to respond to the secondary task tone when writing than when typing. Thus,
suggesting that writing induced lower cognitive load as compared to typing. Although this initial
experiment was followed by an experiment where participants engaged in memory task that
investigated the effect of note-taking modality during recall, the study did not utilize the dual-
task methodology in that experiment, thus leaving the question of whether cognitive load may

vary by modality within a learning task unanswered. The current study will address this gap by



applying the dual-task methodology of cognitive load theory to investigate how the modality of
offloading may influence task performance and cognitive load.
The Current Study

The following two pre-registered experiments explored whether the cognitive load theory
may elucidate why some studies have found differences in performance between note-taking
modalities and some have not. One goal of Experiment 1 was to build upon previous research by
investigating whether there is a significant difference between recall performance between the
offloading conditions, typing or writing. The other primary goal of Experiment 1 was to use the
dual-task methodology to understand if one of the modalities may use more cognitive resources,
therefore increasing an individual’s cognitive load. If using one modality induces higher
cognitive load than the other, then previous findings suggest that the load will negatively impact
participants’ performance accordingly. The purpose of Experiment 2 was to replicate the
findings from Experiment 1, while also furthering the findings to understand how the difficulty
of the learning material may influence the cognitive load and use of the offloading modalities.
Together, the two experiments will examine whether cognitive load theory is an appropriate
framework to explain why the two offloading modalities may be associated with differences in
performance.

Experiment 1

The primary goal of Experiment 1 was to investigate the cognitive load induced by
offloading modalities. Prior research is not only limited in the dual-task as a measure of
cognitive load, but there is only one known study that uses the dual-task to investigate the
cognitive load of the note-taking modality when copying a text. In the current experiment,

participants studied three different word lists, each followed by a free recall test. Critically,
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participants were either allowed to write or type the words to record them, creating notes which
they were told could be used on a final test. While they were studying each word list, participants
also heard a randomized tone and were instructed to respond to a tone by pressing a foot pedal,
as a measure of cognitive load. In a similar study, Bouriga and Olive (2021) found that typing
resulted in higher reaction times as compared to writing, using the dual-task methodology.
Therefore, I hypothesized that participants would have slower reaction times in the typing
condition as compared to the writing condition because typing is thought to induce higher
cognitive load. Accordingly, I hypothesized that participants under higher cognitive load would
have lower free recall performance than those under less cognitive load.
Method
Participants

An a priori power analysis using G*Power (Faul et al., 2009) revealed that 86
participants in each group were required to detect a medium effect (d = .50) with two between-
subjects groups, an alpha of .05, and power of .90. Therefore, I aimed to recruit a total of 172
undergraduates from Texas Christian University (TCU) who would participate in exchange for
partial course credit or extra credit in a psychology course. However, due to the COVID-19
pandemic and the number of participants that were excluded based on pre-registered exclusion
criteria, I did not reach the desired number of participants. Specifically, 4 participants did not
follow instructions, 10 participants reported taking a similar study or participating in study with
similar materials, 3 participants had internet troubles, 47 participants chose not to utilize
offloading, and 27 participants did not properly follow the tone directions. Therefore, the final
sample included 124 participants (Mage = 20 years), primarily female participants (79%; 99

female, 25 males, 1 individual did not report). Of the participants, 79% identified as White, 8%
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identified as Asian or Pacific Islander, 6% identified as Black, less than 1% identified as
American Indian or Alaskan Native, and the remaining 6% identified as Other/unknown. Sixty-
nine of the participants were randomly assigned to the typing condition and 55 participants were
assigned to the writing condition. This experiment was approved by the TCU Institutional
Review Board and all participants gave written consent to participate.
Design

The dual-task methodology was utilized to understand participants’ performance and
cognitive load during a memory task. Using this methodology (e.g., Briinken et al., 2002;
Lansman & Hunt, 1982; Sweller, 1988), each learning task included a study-test trial, where
participants were given the opportunity to offload the words while they studied. Specifically,
participants were randomly assigned to one of the two offloading modalities: writing or typing.
The goal of the experiment was to investigate if participants' cognitive load, offloading
decisions, and memory performance differed between the offloading modalities. The dependent
variable for the learning task was the proportion of words recalled on the test following each
study trial. The secondary task measured the cognitive load induced by the primary task. The
dependent variable for cognitive load was measured by the average reaction time to the auditory
probes.
Materials

The study materials for the primary task included 90 words, randomly selected to form
three lists of 30 unique nouns taken from previous research (Hargis et al., under review). All the
nouns ranged in length from four to six letters (M = 5.30 letters, SD = .66) and had an average
frequency of 8.60 (SD = 1.51), as measured by the log-transformed Hyperspace Analogue to

Language (HAL) scale (Balota et al., 2007).
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Tasks

Operation Span Task. The operation span task was used as a measure of working
memory capacity. The specific operation task was developed by Oswald and colleagues (2015)
which is a shortened version of the original operation span measurement. Participants saw a
series of simple math problems intermixed with a range of letters (e.g., three to five in a single
trial). Their goal was to remember all of the letters presented in order and solve the math
equations as quickly and correctly as possible. At the end of each trial, participants were given a
box of 12 possible letters that they may have seen and were instructed to select the letters in the
order that they were presented.

Learning Task. The learning task was a study-test trial, which participants completed
three times during the study. Within each learning task, participants had a study session followed
by a free recall test. For each study session, participants completed the primary task and the
secondary task concurrently (e.g., dual-task).

Primary Task. Participants were told that the goal of the primary task was to try to learn
the words that were presented for an upcoming test. Each participant was randomly assigned to
either the typing or the writing condition to take notes. In the typing condition, underneath the
words to learn, there was a text box where the notes could be typed. In the writing condition,
participants were provided with a pencil and paper which was blank besides an outline of a box,
similar to the typing condition. Regardless of what condition participants were in, they were told
that although they could not use their notes on the test following each list, they could access their
notes on a final test. However, participants did not actually take a final test in which they could
access their notes, rather I used this deception to encourage participants to use the offloading

tool, without requiring them to do so.
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Each list of 30 words was presented on the computer screen in a box at the center of the
screen. Within the box, participants saw a 6 x 5 arrangement of the words (see Figure 1). The
order in which the words were presented on the screen was randomized. Participants could
offload as many of the words as they liked while studying each list. After the list of words had
been displayed for 60 s, the words disappeared off the screen.

Figure 1

Example of Learning Task

Tone Response: Awaiting Response...

TRUNK WAVE LINEN SALARY BLOOM SNEER

OBJECT PEBBLE PLAZA NERVE BUREAU STRING

CURVE GINGER SHARP SLIDE GROVE TROOP

AISLE  FLASH ANNEX PUSH CHIEF  NUTMEG

STORE POCKET DRAW PATENT SHOCK CYMBAL

Secondary Task. The secondary task measured the cognitive load induced by the primary
task. However, it is important that the secondary task does not cause more load to the participant,
rather just measures the cognitive load induced by the primary task (e.g., Piolat et al., 1999). To
avoid causing more load, previous research suggests the secondary task should be in a different
modality than the primary task (see Park & Briinken, 2015). Therefore, the secondary task
chosen for the experiment was an auditory tone task.

Participants were instructed to respond to the tone by pushing the foot pedal provided

using their dominant foot (as done in Madrid et al., 2009). A research assistant set up the foot
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pedal for them at the beginning of the task and participants were instructed to put on the
provided headphones. The tone randomly sounded every 5 to 10 s (as done in Briinken et al.,
2002; Schoor et al., 2012) during the duration of the primary task. The computer recorded the
time between the onset of the tone and the pushing of the foot pedal in ms. The instructions
stated that the participants should push the foot pedal as quickly as possible in response to the
tone, however, learning the words was the primary goal of the task. All trials started with a single
tone that was not recorded, in order to inform the participant that the trial was beginning. When a
tone sounded and participants pushed the pedal, the computer screen would display ‘Response
Recorded.’ If a tone had sounded but participants had not responded by pushing the foot pedal,
the computer would read ‘Awaiting Response... .

A baseline measure of the secondary task was taken for each participant before the first
learning task began. Specifically, participants were then given the tone-task (i.e., the secondary
task) without the primary task to measure their baseline reaction time. This baseline measure was
taken so that I could account for individual differences in reaction times. During the baseline
trial, the procedure was the same as described above, except that the participants did not have to
study any information during this trial (i.e., no primary task; see Briinken et al., 2002 for an
example).

Free Recall Test. After studying each list, participants in both conditions were delayed 5
s so that the writing condition could hand their notes to the researcher, then they took a recall
test. For the free recall test, participants were instructed to type into a box on the computer as

many words from the previous list as possible. The free recall test was self-paced.
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Procedure

Participants were welcomed into the lab, gave written consent, and were placed in front
of a computer in a private room. After participants filled out a demographic questionnaire, they
read instructions and completed the operation span task. Next, a trained research assistant came
into the room and helped participants set up the foot pedal and headphones for the learning task.
The researcher stayed in the room for the duration of the task. After participants read the
instructions for the task, they completed a baseline measurement of their reaction time.
Following, all participants took the learning task, which utilized the dual-task methodology (i.e.,
a primary and secondary task). Each time they completed the learning task, they had a study trial
that included the primary and secondary task, followed by a free recall test. All participants
completed the learning task three times, once for each word list. Finally, participants answered
final questions about their experience with the task and were debriefed.

Results

Although the pre-registered plan was to run a #-test on the data of the averaged list scores,
it was more optimal and in-line with Experiment 2 to investigate how performance changes over
lists instead of using an average across all lists. Therefore, I slightly deviated from the pre-
registration and opted to run an Analysis of Variance (ANOVA) on the data. In the following
results section, reaction times during the primary task are discussed, followed by free recall
performance and then participants’ offloading behavior. Additionally, exploratory analyses on
working memory capacity are presented.
Reaction Times

Although a baseline measure of reaction times was recorded at the beginning of the

experiment to account for individual differences in reaction to the tone, the baseline measures of
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reaction times on average were higher than the reaction times in the actual task (see discussion
for a possible explanation). Thus, it did not make sense to use the baseline measures as a way to
“subtract out” individuals differences in performance. Importantly though, there was no
difference in baseline measure between the two offloading conditions, #(122) = .53, p = .597,d =
.10.

A 2 (Offloading Condition: Typing, Writing) x 3 (List) mixed ANOVA was performed,
using the Greenhouse-Geisser correction, on reaction times to the tone with the former factor
manipulated between-subjects and the latter within-subjects. The results revealed a main effect
of list, F(1.85, 225.39) = 3.04, p = .054, 5,° = .024 (see Figure 2), but no main effect of
condition, F(1, 122) = .12, p = .726, 1,° = .001 or significant two-way interaction, F(1.85,
225.39) = .58, p = .548, i,° = .005. Post hoc analyses using the Bonferroni correction revealed
that participants' reaction times were faster on the second list (M = 671.63 ms, SE = 42.28 ms)
as compared to the first list (M = 776.75 ms, SE = 42.28 ms) they saw, #122) =2.43, p = .048, d
=.22. However, there was no difference in reaction times for any other comparisons, s < 1.60,

ps> 337, ds < .14,
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Figure 2

Reaction Times for Experiment 1

—Type Write

1400
@ 1200
g
‘é 1000
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[
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0
First List Second List Third List
List

Note. Mean reaction times as a function of list and offloading condition in Experiment 1. Error
bars represent one standard error of the mean.
Free Recall Performance

In order to examine whether there was a difference in free recall performance, a 2
(Offloading Condition: Typing, Writing) x 3 (List) mixed ANOVA was performed on the free
recall scores. Results revealed that there was a main effect of list, F(2, 244) = 8.66, p < .001, 7,°
=.066 (see Figure 3). However, there was not a main effect of offloading condition F(1, 122) =
010, p =.920, n,° < .001 or significant interaction, F(2, 244) =2.12, p = .123, 5,° = .017. Post
hoc analyses using the Bonferroni correction revealed that participants' free recall performance
was lower on the first recall test (M = .17, SE = .01) than the third recall test (M = .20, SE =
.01), (122) =4.16, p <.001, d = .37. However, there was no significant difference between any

other comparisons, ts < 2.25, ps > .075, ds < .20.
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Figure 3

Free Recall Performance for Experiment 1

e Type Write
0.4
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Note. Mean proportion of words recalled on each list separated by offloading condition in
Experiment 1. Error bars represent one standard error of the mean.
Number of Offloaded Words
A 2 (Offloading Condition: Typing, Writing) x 3 (List) mixed ANOVA using the
Greenhouse-Geisser correction was performed on the number of words offloaded (see Figure 4).
The results revealed a main effect of condition, F(1, 122) = 11.68, p <.001, 5,° = .087, but no
main effect of list, F(1.65, 201.25) = .04, p = .933, 1,° < .001, or interaction, F(1.65, 201.25) =
2.24, p=.119, 5,° = .018. Post hoc analyses using the Bonferroni correction revealed that
participants in the typing condition (M = 21.34, SE = .83) oftfloaded more words than in the

writing condition (M = 17.32, SE = .83), t(122) =3.42, p <.001, d = .31.
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Figure 4

Offloading behavior for Experiment 1
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Note. Mean number of offloaded words on each list as a function of offloading condition from
Experiment 1. Error bars represent one standard error of the mean.
Working Memory Capacity

Working memory capacity was operationalized through the short version of the operation
span task (Oswald et al., 2015). Specifically, the absolute scoring method was used, which is the
sum of letters in each perfectly recalled set. To illustrate, participants were shown two sets of
four letters, two sets of five letters, and two sets of six letters, so a perfect score would be 30 if
all the letters were recalled in each set, in order.

Importantly, there was no difference in working memory capacity between the typing
condition and the writing condition, #(122)= .41, p =.679, d = .08. I ran exploratory correlations
and found that free recall performance was positively correlated to working memory capacity for

both the writing condition, » = .262, p = .053, and the typing condition, » = .256, p = .034. In
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other words, as working memory capacity increased participants performance on the free recall
also improved. Working memory capacity was not significantly correlated to the number of
offloaded words for either condition, s <.077, ps > .533.
Discussion

Overall, Experiment 1 did not support the hypotheses, such that there was no difference
in free recall performance. This finding supports previous research which suggests that note-
taking modalities are not associated with any significant differences in test performance
(e.g., Beck, 2015; Mangen et al., 2015; Morehead et al., 2019a; Urry et al., 2021). With no
differences in performance, it follows that there were also no differences in cognitive load
between the modalities, as measured by the reaction times. Therefore, there was no evidence to
indicate that one of the offloading modalities induced more cognitive load than the other
modality as predicted, and found in previous research (e.g., Bouriga & Olive, 2021; Ruan et al.,
2015). Finally, the last note-worthy pattern of results was that the typing condition offloaded
more words than the writing condition. This finding is not surprising as typing is faster than
writing (Brown, 1988) and many studies have found that individuals who type have a higher
quantity of notes (e.g., Bui et al., 2013; Mueller & Oppenheimer, 2014). Even though the typing
condition did offload more words, this behavior did not lead to significant performance
differences between the two conditions. Therefore, the benefit of taking more notes did not
translate to better performance on an immediate free recall test.

The primary purpose of Experiment 1 was to investigate how the offloading modalities
affected cognitive load. However, there was no observed difference in cognitive load between
the modalities, so Experiment 2 will investigate whether the difficulty of the material influences

cognitive load and performance in this learning task.
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Experiment 2

Experiment 2 was designed to understand how the difficulty of the learning material may
influence performance and cognitive load within each modality. An important factor within the
cognitive load theory is that the material being learned may influence an individual’s cognitive
load (e.g., Sweller & Chandler, 1994). For example, one way a learner's cognitive load is
influenced is by the complexity of the learning material, which is inherent based on the
characteristics of the to-be-learned material (e.g., De Jong, 2010). By using material that differs
in difficulty, the current study will examine whether the difficulty of the material may influence
cognitive load and if this is the case, if this added load influences the effectiveness of an
offloading modality. For example, individuals may adjust their note-taking strategies based on
the cognitive load present including classroom variables, instructional design, and presented
material. While students may make these adjustments to manage their cognitive load, there may
be downstream consequences as shown by their memory performance.

In the current experiment, participants studied three different word lists of differing
difficulty. Specifically, participants studied a categorized word list, which was the easiest list of
materials to learn, as previous research has found that information that can be organized or
chunked is beneficial for learning (Lu et al., 2021; Mandler, 1967; Miller, 1956; Thalmann et al.,
2019). Additionally, a normed Italian word list was used as the difficult word list, because the
words were unfamiliar to participants. The last studied list was taken from Experiment 1, which
was the assortment of English words, used as a medium difficulty. I predicted that the difficulty
level of the material would influence free recall performance such that participants would have
the highest recall for the easy list and the lowest recall in the difficult list. Additionally, I also

predicted that the difficulty of the words would influence cognitive load such that there would be
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the highest cognitive load for the difficult list and the lowest cognitive load for the easy list.
Finally, based on the findings of Experiment 1, I hypothesized that there would be differences in
performance and cognitive load between the writing and typing condition, but only for the
difficult word list because the offloading modality may only influence performance when the
cognitive load is high.
Method
Participants

An a priori power analysis for Experiment 2 using G*Power (Faul et al., 2009) was
completed prior to any data collection for a 2 (Offloading modality) x 3 (List) mixed ANOVA
with an alpha error of .05, and power of .90 and a medium effect size (d = .50). This power
analysis revealed that a total 138 participants were required: 69 participants in each between-
subjects group. However, due to outside factors affecting data collection and pre-set exclusion
criteria, I did not reach the goal number of participants. Specifically, 12 participants reported
taking a similar study or taking a study with similar materials, 23 participants chose not to utilize
offloading, 18 participants did not respond to the preset criteria of tones, and 1 participant
reported being very familiar with Italian, which was used for the difficult word list. Therefore, a
total of seventy-three TCU undergraduate students participated in exchange for partial course
credit or extra credit for their psychology course. The sample consisted of primarily females (55
females, 18 males, 2 did not report) who were college-aged (Mage = 20 years). Eighty-three
percent of participants identified as White, 7% identified as Black, 3% identified as Asian or
Pacific Islander, and the remaining 7% identified as other. Of those participants, 33 were

randomly assigned to the typing condition and 40 participants were assigned to the writing
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condition. This experiment was approved by the TCU Institutional Review Board (IRB) and all
participants gave written consent to participate.
Design

The dual-task methodology was used to understand participants’ learning and cognitive
load, similar to Experiment 1. A 2 (Offloading Modality: Write, Type) x 3 (List Difficulty: Easy,
Medium, Difficult) mixed design was used for Experiment 2. Each participant was randomly
assigned to either the typing or the writing condition. All participants experienced all levels of
list difficulty. The goal of Experiment 2 was to understand if participants' learning and cognitive
load differed between the offloading modalities and difficulty of the material. The dependent
variable for the learning task was the proportion of words recalled on the recall test. Cognitive
load was measured by the average reaction time to an auditory probe during the secondary task.
Materials

The stimuli included 90 nouns that ranged in length from four to six letters (M = 5.08
letters, SD = .15) and the English words had an average frequency of 8.29 (SD = .55), as
measured by the log-transformed Hyperspace Analogue to Language (HAL) scale (Balota et al.,
2007). The words were taken to comprise three lists, each list of a differing learning difficulty.
One list was 30 words taken from Experiment 1. This list consisted of English words and will be
referred to as the medium list. Another list was made up of 30 words from three distinct
categories (vegetables, articles of clothing, and birds), 10 words belonging to each category,
taken from DeSoto and Roediger (2014). This list of words was considered a comparatively easy
list. Finally, the other list was made up of Italian words, taken from Iacullo and Marucci (2016),

which was the difficult list, as participants had little to no prior experience with Italian words.
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Procedure

The procedure of Experiment 2 followed the procedure of Experiment 1. Participants
were welcomed into the lab, gave written consent, and were seated in front of a computer. After
participants filled out a demographic questionnaire, they read instructions and completed the
operation span task. Next, a trained researcher came into the room and helped participants set up
the foot pedal and headphones for the learning task. The researcher stayed in the room for the
duration of the experiment. After participants read the instructions for the task and then
completed a baseline measurement of their reaction time to the tone. Following, all participants
took the learning task, which utilized the dual-task methodology (i.e., a primary and secondary
task; see Figure 1). After the study trial in the learning task, participants completed a free recall
test. All participants completed the learning task three times, once for each word list. The order
of the word lists studied was randomized for each participant. Finally, participants answered
final questions about their experience with the task and were debriefed.

Results

In the following section, participants’ self-report beliefs of the difficulty of the lists are
reported, as a manipulation check. Then, the reaction times are discussed, followed by their free
recall performance, and then their offloading behavior. Exploratory analyses on working
memory capacity are also presented.
Manipulation Check

In a post-experimental question, participants were asked to report which lists they
believed to be the easiest and most difficult to learn. Results revealed that as intended, majority

of participants believed that the Italian word list was the most difficult and the categorized word
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list was the easiest (see Table 1). Therefore, it appears that the difficulty of the word lists was
manipulated successfully as shown by the self-report answers.
Table 1

Self-reported word list difficulty

Categorized Assortment of

English English Italian Same
1. Which word list do you believe was the
easiest to learn? 83.56% 9.59% 0% 6.85%
2. Which word list do you believe was the
hardest to learn? 4.11% 8.22% 78.08%  9.59%

Reaction Times

Following procedures from Experiment 1, baseline measures were not subtracted from
list reaction times. Importantly, there was no difference between baseline reaction times between
the two offloading conditions, #71) = 1.89, p =.063, d = .44.

A 2 (Offloading Condition: Typing, Writing) x 3 (List: Easy, Medium, Difficult) mixed
ANOVA was performed on reaction times to the tone, with the former factor being manipulated
between-subjects and the latter within-subjects. The results revealed no main effect of list, F(2,
142) = .25, p =782, n,> = .003, no main effect of condition, F(1, 71) = .21, p = .646, 1,° = .003,

and no significant interaction, F(1, 142) = .68, p = .509, 1,° = .009 (see Figure 5).
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Figure 5

Reaction Times for Experiment 2
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Note. Mean reaction times as a function of list and offloading condition in Experiment 2. Error
bars represent one standard error of the mean.

Free Recall Performance

In order to examine whether there was any difference in free recall performance, a 2 (Offloading
Condition: Typing, Writing) x 3 (List: Easy, Medium, Difficult) mixed ANOVA using the
Greenhouse-Geisser correction was performed on the free recall scores, with the former being
between-subjects. Results revealed that there was a main effect of list, 7(1.83, 129.85) = 101.23,
p <.001, ,° = .588 (see Figure 6). However, there was not a main effect of offloading condition,
F(1,71)=1.15, p = .287, n,° = .016 or significant interaction, F(1.83, 129.85) = .42, p = .640,
1,° = .006. Post hoc analyses using the Bonferroni correct revealed that participants recalled
more words on the easy list (M = .28, SE = .01), than the medium list (M = .19, SE = .01), #71)

=821, p <.001, d = .96, or the difficult list (M = .13, SE=.01), 71) = 14.17, p < .001, d =



27

1.66. Additionally, participants had higher recall performance on the medium list as compared to
the difficult list, #(71) = 5.96, p <.001, d = .70.
Figure 6

Free Recall Performance for Experiment 2
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Note. Mean proportion of words recalled on each list as a function of offloading condition in
Experiment 2. Error bars represent one standard error of the mean.
Number of Offloaded Words

A 2 (Offloading Condition: Typing, Writing) x 3 (List: Easy, Medium, Difficult) mixed
ANOVA was performed on the number of words offloaded, with the latter being within subjects
(see Figure 7). The results revealed a main effect of condition, F(1, 71) = 6.21, p = .015, 5,° =
.080, a main effect of list, F(2, 142) =9.77, p < .001, ,° = .121, but no interaction, F(2, 142) =
394, p = .675, n,° = .006. Post hoc analyses using the Bonferroni correction on the number of
words offloaded between the offloading conditions revealed that the typing condition (M =

18.88, SE = 1.04) offloaded more words than the writing condition (M = 15.22, SE =1.04), #(71)
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=2.49, p=.015, d = .29. Post hoc analyses on the number of offloaded words for the lists
revealed that participants offloaded more words in the easy list (M = 18.37, SE =.79) as
compared to the medium list (M = 16.54, SE =.79), (71) = 3.51, p =.002, d = .41, and compared
to the hard list (M = 16.23, SE =.79), t(71) = 4.09, p <.001, d = .48. There was no significant
difference in the number of offloaded words between the medium and hard list, #(71) = .58, p =
1.00, d = .07.

Figure 7

Experiment 2
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Note. Mean number of offloaded words on each list as a function of offloading condition from
Experiment 2. Error bars represent one standard error of the mean.
Working Memory Capacity

As expected, there was no difference in working memory capacity between the typing
and the writing conditions, #(70) =.25, p = .801. I ran exploratory correlations and found that

unlike Experiment 1, free recall performance was not correlated to working memory capacity for
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the writing or the typing condition, rs < .246, ps > .130, but interestingly, working memory
capacity was related to number of offloaded words in the typing condition, » = .384, p = .027, but
not correlated in the writing condition, » =.063, p = .705.
Discussion

In sum, Experiment 2 had four main results of interest: recall performance did not differ
between the modalities but did differ as a function of difficulty, cognitive load did not differ
between the modalities or between the three different word lists, participants in the typing
condition offloaded more words than the writing condition, and the difficulty of the word list
influenced offloading behaviors. Therefore, these results did not support my hypothesis that
differences in reaction times would be observed for the difficult word list, as differences in
cognitive load were found in Bouriga and Olive (2021) between note-taking modalities. The
findings of Experiment 2 largely replicated the findings from Experiment 1. Additionally, new to
Experiment 2, the results did support my hypothesis that participants would recall more in the
easy list as compared to the other two lists and recalled more in the medium list as compared to
the difficult list, in line with other literature (e.g., Mandler, 1967). The difficulty of the word lists
did not affect cognitive load, which contradicts the limited research that has manipulated
difficulty (e.g., Bouriga & Olive, 2021; Van Gog et al., 2011). Finally, the word list difficulty did
influence offloading behaviors such that more information was offloaded for the easy list as
compared to the other lists. This may seem surprising at first, but may suggest that organized
information benefits note-taking (e.g., Van Meter et al., 1994).

General Discussion
Since technology to aid cognition is becoming ubiquitous in the classroom and in work

environments (e.g., Barak et al., 20006), it is important to understand how different tools used to
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record information may influence performance and offloading behaviors. The current set of
experiments examined how note-taking modality may influence cognitive load, test performance,
and note-taking behaviors in a memory task. Additionally, Experiment 2 investigated how the
difficulty of the material may influence the variables of interest. From a cognitive load
perspective, if one modality of offloading requires more cognitive capacity, learning may be
negatively impacted, such that learning may be hampered when that modality of note-taking is
used. Specifically, Bouriga and Olive (2021), found that typing notes was associated with higher
cognitive load as compared to handwriting notes. Higher cognitive load may impact free recall
performance, as too much load is detrimental for learning. Therefore, I predicted that typing
would consume more cognitive resources as compared to writing, which would be reflected in
higher reaction times to the tone and would result in lower recall scores.
Cognitive Load, Offloading, and Memory

Taking the results of Experiment 1 and 2 together, contrary to my hypotheses,
participants' reaction times to the tone task did not differ between the writing and typing
offloading modalities. One interpretation of this finding is that the modality individuals used to
offload did not affect their cognitive load. To support that claim, the current studies also found
that participants’ free recall performance also did not differ between modalities. Thus, these
results may suggest that the offloading modality may not have had a significant effect on how
well the information is learned in the current paradigm. However, it is useful to understand how
this finding fits into the previous research. In studies on note-taking outside of cognitive load
theory, there is not a consistent answer regarding memory differences between modalities (e.g.,
Allen et al., 2020; Bui et al., 2013; Morehead et al., 2019a; Mueller & Oppenheimer, 2014; Urry

et al., 2021). This current finding contradicts the limited previous research on cognitive load and
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note-taking modality performance that has provided evidence of learning benefits for those who
write as compared to type (Bouriga & Olive, 2021; Ruan et al., 2015). Specifically, there are two
relevant studies that have investigated how note-taking modality may influence cognitive load.
However, these two studies revealed opposite findings in terms of modality and cognitive load.
Ruan and colleagues (2015) found that participants reported higher cognitive load when writing,
but Bouriga and Olive, (2021) using the dual task methodology as in the current study, found that
cognitive load was lower when writing as compared to typing. Taking the findings from the
previous two studies and the current work, the research has shown three different patterns of
results (i.e., writing induces more cognitive load, less cognitive load, or no difference in
cognitive load as compared to typing). Given the differences in previous findings, I suggest that
modality should not be completely disregarded as a meaningful factor in note-taking, but the
variables which influence these results should be considered. Specifically, I suggest below three
potential explanations for why there was no difference between the modalities in cognitive load
and performance in the current experiments (note that these explanations are not intended to be
exhaustive).

One reason why the expected pattern of results was not found could be because the
materials used were not appropriate for the cognitive load framework. In previous research that
has utilized the dual-task methodology, the material that participants studied was often more
complex than the current stimuli, such as text passages (Bouriga & Olive, 2021; Madrid et al.,
2009), multi-step problems (Ayres, 2001; Renkl et al., 2003; Sweller, 1988), and multimedia
learning (Briinken et al., 2002; Lin et al., 2016). No known research has investigated the dual-
task methodology with word lists. More commonly, cognitive load theory often uses material

which is more intrinsically complex (see Sweller et al., 2019). Cognitive load theory has found
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that materials with high interactivity, defined as the extent to which the elements of the learning
material require simultaneous processing, is associated with more cognitive load than material
low in interactivity (e.g., Schmeck et al., 2015; Sweller & Chandler, 1994). For example, Sweller
(2011) states that chemical symbols (e.g., iron = Fe) are low in element interactivity because you
can learn one element without knowing information about other symbols (e.g., one could learn
iron without knowing the symbol for copper), so even though the learning may be challenging, it
may be associated with low cognitive load. Alternatively, solving algebra problems may be
associated with a higher cognitive load because the individual must learn how the different
elements of the problem work in relation to each other. This simultaneous consideration of
multiple facets of the problem (i.e., high interactivity) is predicted to increase load (Sweller,
2011). Information that is high in element interactivity can be reorganized into a schema, which
is stored in long term memory (e.g., Artino, 2008; Sweller, 2011). When a schema is stored, the
burden of working memory is reduced (Sweller & Chandler, 1994). In Experiment 2, all three
lists were low in element interactivity as compared to previous materials used (e.g., Ayres, 2001;
Madrid et al., 2009) and did not require schema development. Future research should investigate
how note-taking modality may affect cognitive load with more complex and educationally
relevant material.

Another possible reason that there was no difference between the cognitive load of the
offloading modalities was because the task itself did not induce enough cognitive load. That is,
these results may suggest that the modality of note-taking is only influential at high levels of
cognitive load but not low levels, and the current study may not have reached high levels of load.
The majority of the previous materials which investigated note-taking modalities used material

similar to what might be presented in a lecture (e.g., Bui et al., 2013; Mueller & Oppenheimer,
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2014; however, see Mangen et al., 2015; Smoker et al., 2009 for examples of simpler material).
In the current experiment, more words were presented than participants would likely remember
and participants experienced time pressure which may have increased cognitive load (e.g., Deck
et al., 2021). However, the participants may have not been overloaded because, due to the setup
of the task, they could have ignored any material that may have overloaded their memory
system. Since the material was presented simultaneously, participants may have only processed
some of the information (e.g., the top two rows of words, for example) instead of trying to learn
all the information. Although this behavior may not have been ideal for participants to engage in
given the goal of investigating load in the current studies, it suggests that individuals across the
conditions may have engaged in effective self-regulation, by managing their learning to reduce
their cognitive load (e.g., see de Bruin et al., 2020; de Bruin & Van Merriénboer, 2017 for
overviews on cognitive load and self-regulation). That is, ignoring the information that is not
relevant to one’s goal could be adaptive for learners. Therefore, areas that may be fruitful for
future research on cognitive load and modality include manipulating the presentation style (e.g.,
multimedia formats) or using realistic test conditions (e.g., longer study times; longer delays
before tests) to extend the current findings to a variety of learning situations that are more likely
to induce higher cognitive load.

Last, one possible explanation for why cognitive load may not have differed between the
modalities is because of the typing fluency among the sample that participated. Since higher
education is increasingly interested in incorporating technology into the classroom (e.g., King &
Boyatt, 2015) and the number of students taking notes electronically has risen in recent years
(e.g., Morehead et al., 2019b; Witherby & Tauber, 2019), the sample in the current work (i.e.,

undergraduate students in 2022) was likely very familiar with typing (see also Bui et al., 2013).
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In a related study, researchers found that participants had higher quality and fluency in their
notes when they wrote by hand, especially compared to participants who had low experience
with typing (Kellogg & Mueller, 1993). As such, college students may have more experience
with technology as compared to the average non-college-student individual, which lessens the
cognitive load of typing. However, to draw this conclusion, future research would be needed that
investigates how familiar and proficient college students are at typing, as the current studies did
not address this possibility directly.
Additional Variables of Interest

The manipulation of list difficulty in Experiment 2 was successful, such that participants
remembered the most words from the easy list and remembered the fewest words from the
difficult list; self-reports about list difficulty supported this finding (see Table 1). However, the
differing difficulty of the material did not affect cognitive load, such that there was no difference
in reaction times to the tone task among the three different word lists, as discussed above. In
Experiment 2, participants also took more notes when studying the easy list as compared to the
medium and difficult lists. This result suggests that individuals’ use of notes may be influenced
by the material. Individuals may feel like when challenging information is presented, they should
devote their attention to understanding the information and therefore decide to take less notes. In
a related study, college students reported that strong organization during a lecture was one main
factor that increased the ease and quality of their class notes (Van Meter et al., 1994). If
individuals do take fewer notes when the material is organized and feels fluent, this behavior
may have downstream consequences. For example, when they later review their notes, as is often
the case when preparing for an exam, learners may not have as much information, or perhaps less

of the important information, recorded. This behavior may consequently affect their
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performance. Future research should examine how the fluency and organization of the material
may affect note-taking behaviors, as limited research has been done in this area (see Northern et
al., 2022; Titsworth, 2001 for exceptions).

Another key finding from the current experiments was that participants' offloading
behavior was influenced by the offloading tool used. Specifically, individuals recorded more
information in the typing condition as compared to the writing condition. It is not surprising that
individuals who type recorded more words because previous research has found that individuals
can type information faster than they can write (e.g., Brown, 1988). However, it is interesting
that even though participants in the typing condition on average recorded more words, taking
more notes did not harm or benefit their performance as compared to those in the writing group.
Some previous research suggests that taking more notes is beneficial for learning, even in the
absence of review (e.g., Bui et al., 2013; Fisher & Harris, 1974). However, other research has
found that the quantity of notes only matters when participants are given time to review their
notes before being tested (e.g., Kiewra & Benton, 1988). In the current experiment, participants
did not get to review or use their notes after taking them, thus suggesting that more notes may
only be beneficial when notes have a storage function and are reviewed (e.g., see Di Vesta &
Gray, 1972).

Finally, based on previous findings which suggest that working memory is an important
factor in note-taking (e.g., Olive & Piolat, 2002), in the current experiments I explored how
working memory capacity might correlate with free recall performance and offloading behavior.
In Experiment 1, free recall performance was correlated with working memory capacity for both
conditions, as measured by operation span; however, there was no such correlation among the

variables in Experiment 2, inconsistent with prior research that found that working memory
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capacity is related to recall (e.g., Hambrick & Engle, 2002; Unsworth & Engle, 2007). There
may have been no correlation in Experiment 2 because the effects of difficulty were more salient
on recall performance. Prior research has found that task difficulty influences the relationship
between performance and working memory capacity, such that the magnitude of the relationship
is highest at average levels of difficulty (e.g., Turner & Engle, 1989). I also investigated how
working memory capacity may correlate with offloading behaviors. Previous research has found
conflicting findings in this regard, such that some studies suggest that working memory capacity
correlates with note-taking (e.g., Bui et al., 2013; Kiewra & Benton, 1988), while other studies
have not found this correlation (e.g., Peverly et al., 2007). Two recent cognitive offloading
studies differed with respect to whether the quantity of offloaded material is related to working
memory. Risko and Dunn (2015) found that participants with lower working memory capacity
took more notes, but Morrison and Richmond (2020) failed to replicate this effect when using a
similar paradigm. In Experiment 1, there was no correlation between working memory and
offloading behavior. However, in Experiment 2, there was a relationship between working
memory and offloading only for individuals who typed to take notes and not for the writing
condition. These conflicting findings may suggest that note-taking and working memory may be
related, but the strategy used while note-taking influences the relationship. For example, Bui and
colleagues (2013) proposed that working memory capacity may be related to note-taking by the
extent to which the note-taking strategy requires working memory and different note taking
modalities may influence the strategy used for notes (see also Mueller & Oppenheimer, 2014).
For example, taking organized notes may require more working memory capacity as compared to
taking notes without any organziation. However, since I did not collect any information about the

strategies individuals used to take notes, I cannot address this possibility specifically. Future
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research may investigate different how the material, transcription speed, and modality might
influence the strategy of note-taking and how this may vary between offloading modalities.
Limitations and Future Directions

One limitation of the current study is the use of the tone for the secondary task. First, the
baseline measurement which was taken without any learning material present was based on
previous research that suggested taking this measure and subtracting it from average reaction
times would remove the individual differences in response times (e.g., Bouriga & Olive, 2021;
Briinken et al., 2002). The problem with the baseline measurements in the current studies is that
the average reaction time was often higher than the average reaction time of the trials. Perhaps
participants did not have enough practice with the tone prior to completing the task. This finding
is worth noting because participants may have improved in their reaction times not because of
the cognitive load, or lack thereof, but because they were gaining more experience with the tone
task. For example, in Experiment 1, participants' reaction times decreased from the first list to
the second list, even though the material did not differ in difficulty. To avoid this dilemma in
future research, participants should practice the tone task to a particular criterion (e.g., respond to
all the tones), to become proficient with the foot pedal so that the baseline measurements can be
used.

Additionally, another limitation of the current experiment is that many participants (N =
47 participants in Experiment 1, N =23 in Experiment 2) chose not to take notes at all, which
limited the sample size but is also an interesting consideration. In the experiments, participants
were not forced to transcribe notes because I wanted to investigate how natural note-taking
behaviors may affect cognitive load. If individuals would have been forced to take notes, their

strategy, cognitive load, or performance may have been affected consequently. I gave
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participants the decision to offload but told them they could use these notes on a final test (e.g.,
similar to an open-note test). The open-note test in the current study never occurred, rather, it
was used to encourage participants to take notes. One drawback to a laboratory-based approach
is that participants did not have any intrinsic reason to care about their performance on a final
test, as they would have in a real-world exam situation.

Previous research suggests that participants take notes as long as the perceived benefit
outweighs the cost (Risko & Dunn, 2015; Risko et al., 2014); the costs may have outweighed the
benefits in the current studies. Other research suggests that individuals will take notes not solely
for their utility, but also based on their beliefs about notes and their own internal memory (e.g.,
Gilbert et al., 2020; Sachdeva & Gilbert, 2020; Weis & Wiese, 2019). Some participants may
have believed they would have higher performance without taking notes, calling into question
whether individuals have beliefs about whether the process of recording notes may benefit
performance (see Di Vesta & Gray, 1972), especially in a memory task that uses a short delay
(e.g., 5 s) between each study session and recall test. Participants may also have chosen not to
take notes because of the effort involved in recording notes. Previous research suggests that
effort — both the internal cognitive effort required in the task (e.g., Gilbert et al., 2020) and the
effort required by the tool to use it (e.g., Risko et al., 2014) — influences individuals’ decisions
about offloading Across the two experiments, participants who were randomly assigned to the
writing condition (N = 45 across both experiments) chose more often not to take notes as
compared to the typing condition (N = 25 across both experiments). This difference may suggest
that individuals have more negative pre-existing beliefs about writing (e.g., it is more effortful)
as compared to typing (see also Ruan et al., 2015). Future work should investigate how advances

in technology influence individuals beliefs about the utility of different note-taking modalities.
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Conclusion

In two experiments, I examined recall performance, cognitive load, and offloading
behaviors between note-taking modalities by using the dual-task methodology. Overall, the
current experiments suggest that there were no differences in memory performance or cognitive
load when individuals use typing or writing to offload. Additionally, Experiment 2 revealed that
participants’ performance and offloading behavior was affected by the difficulty of the material,
but their cognitive load was not influenced by the difficulty of the material. The current work
contributes to the current literature that suggests that note-taking modality may not reliably
influence performance outcomes (e.g., Beck, 2015; Morehead et al., 2019a; Urry et al., 2021) or
may not influence performance under the circumstances used in the current paradigm (e.g.,
immediate recall test; simple material).

Considering the broader, more practical implications of these findings for students and
teachers, it would be unwise at this time to suggest that students should adjust how they take
notes to only use a specific modality, as the current results did not favor one modality over the
other in terms of performance. That is, making suggestions for education at this time does not
seem appropriate until research can pinpoint the factors that affect performance-related
outcomes. Students may choose one modality over the other because of certain benefits; for
example, typing on a computer may be advantageous because the student can quickly insert
diagrams and go back to organize their notes. Alternatively, handwritten notes may allow for
quick sketches that would not be as convenient to execute when using a laptop. Without
thorough consideration and investigation into the variables that may contribute to learning and
memory, it seems premature to recommend one offloading modality for complete adaptation. A

potential benefit to typing was that individuals in the typing group took more notes without any
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detrimental or beneficial effects on memory; while this behavior was not beneficial for an
immediate test, it could be valuable when individuals are given the opportunity to review their
notes (e.g., Fisher & Harris, 1974) or when taking an open-note test. However, future research is
needed to fully understand the circumstances that affect an offloading modality’s effectiveness.
Cognitive load theory may be a useful framework for note-taking modality research, especially
with more complex or educationally relevant materials, and warrants future research. In sum, the
current work did not find evidence that the note-taking modality had significant influence on
performance or cognitive load, but by continuing research in this area, we can explore how

external tools may be optimally utilized to benefit our internal memory system.
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The current experiments examined how an offloading modality may influence cognitive load and
performance in a memory task. Based on previous research, it was hypothesized that participants
would have lower performance and higher cognitive load (i.e., reaction times) when typing as
compared to writing when offloading the material. In Experiment 1, using the dual-task
methodology, participants either wrote or typed the words to offload them while studying and
concurrently responding to a tone. After each study trial, participants took a recall test. There
was no difference in test performance or reaction times between participants who wrote or typed,
suggesting that the offloading modality did not significantly impact cognitive load. In
Experiment 2, again using the dual-task method, the difficulty of the studied material was
manipulated; results largely mirrored the findings of Experiment 1. Additionally, the difficulty of
the material influenced offloading behavior and performance, but did not influence cognitive

load.



