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ABSTRACT 
Though recent technological advances have enabled note-taking 
through diferent modalities (e.g., keyboard, digital ink, voice), there 
is still a lack of understanding of the efect of the modality choice 
on learning. In this paper, we compared two note-taking input 
modalities—keyboard and voice—to study their efects on partici-
pants’ understanding of learning content. We conducted a study 
with 60 participants in which they were asked to take notes using 
voice or keyboard on two independent digital text passages while 
also making a judgment about their performance on an upcoming 
test. We built mixed-efects models to examine the efect of the 
note-taking modality on learners’ text comprehension, the content 
of notes and their meta-comprehension judgement. Our fndings 
suggest that taking notes using voice leads to a higher conceptual 
understanding of the text when compared to typing the notes. We 
also found that using voice triggers generative processes that re-
sult in learners taking more elaborate and comprehensive notes. 
The fndings of the study imply that note-taking tools designed for 
digital learning environments could incorporate voice as an input 
modality to promote efective note-taking and higher conceptual 
understanding of the text. 
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1 INTRODUCTION 
In a world where distractions abound, capturing learners’ attention 
and encouraging deliberate reading is a signifcant challenge. Delib-
erate reading refers to the process of deeply engaging with the text 
to decode, understand, and construct meaning [1]. Such reading 
practices can enhance text comprehension and support a better 
understanding of the reading material [2]. One reading strategy 
that is efective in supporting learners’ text comprehension is to 
encourage them to take notes as they read [37, 48, 52]. Note-taking 
is a means for learners to extract useful information from the con-
tent and refect their understanding regarding the reading material 
[65]. As such, note-taking helps learners to focus their attention on 
the text, which in turn can enable them to efectively understand 
and encode the content into long-term memory [27]. 

Although traditional longhand (i.e., paper and pen) note-taking 
remains a common practice, the prevalence of digital text and the 
increasing availability of portable electronic devices have made 
digital note-taking more popular among learners. Studies have 
found digital note-taking to be ubiquitous, faster, and benefcial for 
learners’ performance [38]. As compared to hand-written notes, 
digital notes ofer several advantages, including the fact that they 
are easily searchable, editable, sharable, and more malleable [24]. 
Recognising the utility of digital note-taking, a wide range of tools 
have emerged that enable learners to record notes while reading 
digital texts [7, 63, 67]. Although the functionality available in 
these tools are relatively similar, they ofer variety in terms of their 
input modality. For instance, some tools allow learners to compose 
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written notes using the keyboard or digital ink ( i.e., pen based 
digital written input [63]), while others enable them to verbalise 
their note content using voice [67]. As the expressiveness of the 
input modality shapes what learners externalise [30], the use of 
diferent input modalities for recording notes may have a varying 
impact on learners’ understanding of the digital text. Thus, to design 
tools that are conducive to the optimal note-taking experience, it 
is imperative to understand how the input modality for recording 
notes shapes learners’ note-taking behaviour and impacts their 
overall understanding of the learning content. 

Recent studies have investigated the efectiveness of the keyboard— 
which is the dominant note-taking modality in most current digital 
note-taking applications—on learners’ understanding of digital con-
tent [18, 38, 44]. The fndings of these studies suggest that compared 
to longhand note-taking, learners record more information in their 
notes when typing them [18]. However, typing notes tends to lead 
to transcription-oriented or verbatim copying of content which 
may not always boost learning performance [18, 38]. This fnding 
emphasises the need to explore other input modalities for recording 
digital notes that can better instigate learners to practice efective 
note-taking practices, which, in turn, can help them better under-
stand the learning material. 

With the increased acceptance of voice as an input modality and 
advances in speech recognition technology, voice has emerged as 
a promising alternative note-taking modality. Speaking has been 
found to consume fewer cognitive resources than writing, thus 
permitting more attention to be directed to the text itself [10, 23]. 
Compared to writing, speaking to record information involves a 
higher level of social presence, which encourages learners to tailor 
their explanations for a potential audience [9, 34]. This behaviour 
could be particularly fruitful for learners to better understand the 
content, as it may encourage them to illustrate the subject matter 
by providing real-life examples or analogies [17, 26]. Lastly, the act 
of speaking is faster and requires less efort than writing, allowing 
momentary thoughts to be recorded before they are forgotten [55]. 

Recognising the potential of voice notes, a considerable number 
of note-taking tools such as 1 Sononcent , 2 Luminant , and 3 Notability  

have entered the market, enabling learners to not only record and 
index voice notes, but also to access voice recordings as transcripts 
at a later stage. The wide availability and adoption of these tools 
then raise questions regarding the impact of the input modality 
used for note-taking on the learning experience. In particular, how 
does note-taking using voice impacts learners’ comprehension of 
text passages? Does a change in input modality from keyboard 
to voice infuence learners’ note-taking behaviours during digital 
reading? Answering these questions can help in understanding 
the impact of note-taking modalities on learners’ understanding 
and inform the design of digital note-taking tools that can trigger 
higher-order comprehension while reading. 

In this paper, we present an experiment in which 60 participants 
took notes using voice or keyboard on two independent pieces of 
digital text of comparable complexity. After the note-taking task, 
participants reported on their meta-comprehension level and com-
pleted a post-test, which included both factual and inference-based 

1https://sonocent.com/
2https://luminantsoftware.com/apps/audionote-notepad-and-voice-recorder/
3https://www.gingerlabs.com/ 

questions. This was followed by an interview that investigated par-
ticipants’ experience in adopting voice as an input modality for 
taking notes. We then built mixed-efects models to explore the 
efect of the note-taking modality on (1) learners’ text comprehen-
sion, (2) the content of the notes, and (3) learners’ ability to make 
an accurate judgement regarding their text comprehension. We 
further analysed the interview transcripts to identify the possible 
benefts and challenges of using voice notes for conducting learning 
activities. 

Our fndings highlight the potential benefts of using voice for 
note-taking. Though participants taking notes with voice performed 
similarly to those taking notes with the keyboard on factual ques-
tions, they scored signifcantly higher on inference-based questions, 
which require them to make inferences regarding the text and tested 
their conceptual understanding of the learning material. This fnd-
ing can be explained by the substantial diferences in the content 
of the notes—voice notes tended to include more elaborations and 
more idea units than typed notes. However, this advantage was 
not refected in participants’ meta-comprehension judgement, as 
we found no signifcant efect of the note-taking modality on their 
ability to predict their learning performance on a future test. Our 
fndings suggest that though voice notes may not be suitable for 
every context (e.g. public spaces, traditional classrooms), private 
digital learning environments may incorporate voice as a com-
plementary input modality for efective note-taking, which can 
assist learners in gaining a better conceptual understanding of the 
learning content. Given the fast speed and ubiquitous availability of 
voice input on contemporary electronic devices, our fndings overall 
highlight a promising use case for speech interfaces in educational 
contexts. 

2 RELATED WORK 
Our research draws on prior work related to the signifcance of note-
taking for text comprehension, its relation with meta-comprehension 
and the current rise and usage of voice note-taking. 

2.1 Text Comprehension and Note-taking 
Text comprehension refers to the process of constructing the mean-
ing of the text being read. It requires learners to construct a mental 
representation of the text by integrating diferent parts of the text, 
making correct inferences regarding the text and linking the read 
information to their prior knowledge [33]. Such coherent repre-
sentation of the text may aid learning as it expands the learners’ 
existing knowledge and corrects any misconceptions in their knowl-
edge base [60]. Previous research has suggested that the processes 
involved in comprehending while reading have a direct bearing on 
learning from the text [28, 33, 60]. This is because when learners 
process text, the informational elements and their relations get 
embedded in learners’ mental representation of the text and update 
their prior knowledge, which may deepen learners’ understanding 
of the text. 

Prior research has identifed note-taking as an efective strategy 
that can assist learners to efectively comprehend text and conse-
quently aid learning [50]. From a cognitive psychology perspective, 
note-taking relates to information management where learners 
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need to comprehend and write down the information that is per-
sonally meaningful to them [51]. Research on note-taking suggests 
that the reasons for note-taking may difer between learners. Some 
engage in note-taking as a "process" that can promote their recall 
and aid their concentration—known as the encoding efect—while 
others take notes because of the resulting "product", which can 
help them in revising the material and keeping track of what was 
covered—known as the external storage efect [61]. Prior research 
has investigated the efects of note-taking on text comprehension 
[4, 43, 50] and found that note-taking encourages learners to select, 
organise, and integrate ideas presented in the text. For instance, 
Bahrami and Nozratzadeh investigated whether note-taking during 
reading improved learners’ text comprehension. Their fndings sug-
gest that learners who take notes while reading were better able 
to integrate ideas between separate texts and performed better in 
post-reading tests than learners who did not take notes [4]. 

As digital technologies become more prevalent, learners are in-
creasingly taking notes using portable digital devices, such as their 
laptops and tablets. To facilitate the easy recording and archiving 
of digital notes, many note-taking applications exist, using a wide 
range of input modalities such as keyboard, digital ink, and voice. 
However, the afordances of diferent input modalities vary substan-
tially, which may directly impact learners’ note-taking behaviour 
and, subsequently, their overall comprehension of learning mate-
rial. Therefore, recent research eforts have investigated how the 
input modality used for recording notes impacts the content of the 
notes and learners’ understanding of the text content. For instance, 
studies have investigated how notes typed using the keyboard im-
pacts learners’ performance by comparing them with handwritten 
notes [18, 38, 45]. The results of these studies showed that keyboard 
note-takers recorded more content in their notes in the form of 
words as they can capitalise on digital afordances such as spell 
checking and copying-and-pasting. However, longhand note-takers 
achieved higher performance on a post-reading test consisting of 
conceptual questions than keyboard note-takers. Overall, these 
fndings suggest that note-taking input modality can impact both 
the content of notes generated by learners and their understanding 
of the text. Therefore, in this work, we investigate how voice as an 
note-taking input modality afects learners’ content of notes and 
text comprehension. 

2.2 Meta-comprehension and Note-taking 
Meta-comprehension is defned as the learners’ ability to judge their 
own understanding of the reading materials [14]. Prior research sug-
gests that when learners judge their own text comprehension, they 
optimally decide how much time and cognitive resources are to be 
spent on revising segments of the text [13, 57]. For instance, during 
exam preparation, if learners can distinguish between well-learned 
material and less-learned material, they are more likely to spend 
time restudying less-learned material in order to compensate for 
the diference in learning. Therefore, accurate meta-comprehension 
judgment is critical to efective self-regulation of the reading task, 
which can ultimately result in a higher text comprehension [49, 64]. 

In order to assist learners in making an accurate judgment regard-
ing their comprehension, previous research has suggested various 
learning strategies such as generating explanations and note-taking 

[49, 66]. For instance, studies suggest that learners who take notes 
during reading can more accurately monitor their understanding 
of the learning material and regulate their study tasks than those 
who did not indulge in note-taking [8, 49, 58]. This is because note-
taking while text comprehension allows learners to evaluate the 
quality of cues used to retrieve and infer information about the text. 
For instance, while judging comprehension, learners may consider 
how successfully they recalled and retrieved information during 
note-taking. Resultantly, a text may receive a high rating of meta 
comprehension if the learner had been able to quickly retrieve in-
formation regarding the text during note-taking. However, if the 
learner struggled to retrieve information about the text during note-
taking, they may give a low rating of comprehension to the text. 
These fndings suggest that note-taking during reading can assist 
learners in judging their understanding of text more accurately. 

Given the critical role of note-taking in regulating the meta-
comprehension judgement of learners, it is important to examine 
how meta-comprehension is afected by the input modality used 
for note-taking during text comprehension tasks. 

2.3 Voice Note-taking 
With        
been exploring modalities beyond the keyboard for digital note-
taking. For instance, reading devices that support touch and pen 
input (e.g., eWriters) allow learners to leverage digital ink to en-
gage in free-form note-taking. The use of digital ink to input notes 
enables learners to include illustrations (e.g., concept maps and 
drawings) in their notes which, in turn, is benefcial for learning 
[16]. Voice is another modality that has been gaining popularity. 
When compared to typing using the keyboard, voice can be faster 
to record and be more expressive [68]. Further, speaking involves 
a higher level of social presence which can instigate learners to 
address a potential audience, thereby elaborating more on the sub-
ject matter by providing real-life examples or analogies [26]. Such 
elaboration of ideas can, in turn, be helpful for learners to attain 
a better understanding of the subject matter [17]. Moreover, voice 
notes can also be transcribed to textual notes that, at a later stage, 
can make the notes review process easier. 

With the current development of voice note-taking tools and 
extensions for 4 cloud-based document viewers such as Mote  and 

5Kaizena , learners can now easily record voice notes. For example, 
Mote can assist learners in taking voice notes on digital documents 
and in labelling the voice recordings. Further, the recorded voice can 
automatically be transcribed to text and later be shared with peers. 
Although tools supporting voice notes are starting to enter the 
market, there is a lack of evidence whether the experiences provided 
by voice note-taking complement the cognitive and comprehension 
goals of learners. To build applications that help learners practice 
efective note-taking, there is a need to gain insight into learners’ 
perception of composing and reviewing voice notes. The fndings 
from their perception could inform the design of voice note-taking 
tools that can better complement learners’ note-taking experiences 
and help them understand the learning material. Therefore, in this 
paper, we investigate learners’ perception of voice note-taking in 

4https://www.justmote.me/
5 https://www.kaizena.com/ 
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order to highlight the potential benefts and limitations of adopting 
voice notes in educational settings. 

In summary, in this research, we focused on comparing voice 
with the most commonly used digital note-taking modality—keyboard.
We analyse the efects of these note-taking modalities on learners’ 
text comprehension and meta-comprehension. Specifcally, we aim 
to answer the following research questions: 

• RQ1: How does the note-taking modality afect learners’ text 
comprehension? 

• RQ2: How does the note-taking modality impact the content 
of the notes made by the learners? 

• RQ3: How does the note-taking modality infuence learners’ 
meta-comprehension judgements? 

• RQ4: What are the potential benefts and obstacles of using 
voice notes in learning activities? 

 

3 EXPERIMENT 
To investigate the efect of the modality of note-taking on learners’ 
understanding of leaning content, we conducted a within-subjects 
study in which learners practised note-taking with two diferent 
modalities while reading two digital articles. Through the study, we 
analyse (1) the efects of modality on text comprehension, (2) the 
content of the notes and (3) the meta-comprehension judgement in 
a reading task. 

3.1 Participants 
We recruited 60 participants aged between 21–35 (M = 27.04, SD = 
4.39 ) via an online notice board from a large Australian university. 
31 participants identifed as men and 29 identifed themselves as 
women. Participants were diverse in terms of their native language; 
with 16 English speakers, 3 Italian, 15 Mandarin, 4 Urdu, 5 Hindi, 7 
Persian, 6 Sinhala, 2 Korean and 2 Tamil speakers. In terms of their 
education level: 29 participants were Masters students, and 31 were 
PhD students. As the reading task involved in the study related 
to the feld of engineering, we ensured that none of the recruited 
participants were from an engineering discipline, reducing the 
potential familiarity with the subject matter. 

3.2 Study Text 
We used two scientifc text passages from a study by Mayer et 
al. [41]. These passages have been widely used in various stud-
ies for measuring the impact of note-taking and accurate meta-
comprehension judgment on learners’ performance [49]. The frst 
text passage comprised 792 words and was about diferent kinds 
of brakes and their functionality. The second passage discussed 
the mechanics of diferent types of pumps and had 850 words. We 
slightly modifed the text in these passages so that both topics had 
a comparable reading difculty level of 6.8, as measured by the 
Flesch-Kincaid Grade Level [31]. 

3.3 Pre-test and Post-test 
For each study text passage, we conducted a pre-test to measure 
participants’ prior knowledge, and a post-test to measure their 
text comprehension. The pre-test consisted of six multiple-choice 
questions (MCQs). There were four candidate answers and one “I 
don’t know” (IDK) option for each question. Following Jacob et 

al.’s approach, participants’ text comprehension was assessed on 
a post-test that included factual as well as inference-based MCQs 
[26]. For the post-test of each text passage, we developed 12 factual 
questions that required the knowledge of one idea unit presented 
in the passage (e.g., Light-weight bicycles use which kind of brakes?). 
Further, for the post-test of each text passage, we developed six 
inference-based questions that required the integration of two or 
more idea units and tested the conceptual understanding of the 
text (e.g., A young lady in a village in India wants to pump water 
for cooking using a hand pump situated in her front yard. The water 
level in that area is 30 feet below the ground. What will happen when 
she moves the handle up and down?). Similar to the pre-test, each 
post-test question had four candidate answers and one “I don’t 
know” (IDK) option. All MCQs of the pre-test and post-test either 
received one point for the correct option or received zero points 
for incorrect or “I don’t know” options. 

3.4 Meta-comprehension Judgement 
To investigate the impact of the note-taking modality on partici-
pants’ meta-comprehension judgement, we asked participants to 
report their judgement regarding their perceived performance on a 
knowledge test after each study phase. For this, in line with prior 
literature in Educational Psychology [54], after completing each 
reading task, we asked participants to report their confdence level 
to correctly answer questions regarding the read text passage in an 
upcoming knowledge test. Specifcally, participants were asked to 
answer the following question: Please indicate how confdent you 
are that you can correctly answer questions about the read text (0: 
no confdence; 100: absolute confdence). A value of 0 indicated that 
the participants judged they defnitely would not be able to answer 
questions correctly and a value of 100 indicated that the participants 
judged they defnitely would be able to answer questions regarding 
the read text passage correctly. 

3.5 Subjective Interest 
Note-taking behaviour may be impacted by learners’ interest in 
the topic as well as their perceived difculty [3, 5]. For this reason, 
we asked participants to rate their interest and perceived difculty 
of the text on a 7-point scale from (1) “Not at all interesting” to (7) 
“Extremely interesting”. 

3.6 Distraction Task 
We further included a distraction task in our study to prevent 
against the recency efect of working memory [47]. The recency 
efect refers to learners’ ability to better recall the most recently 
presented material. To control for such an efect, we selected a 
distraction task that was unrelated to the research questions being 
investigated and was to be completed between each note-taking 
task and its corresponding post-test. Following Mundt et al., we 
asked participants to count backwards from 200 to 0 in multiples of 
seven for two minutes [46]. In the second condition, participants 
performed the same distraction task but started counting from a 
diferent number (203). 
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3.7 Study Design and Experimental Setup 
To explore the impact of note-taking modality, we designed a within-
subjects study with note-taking modality as a within-subjects factor 
(keyboard vs. voice)—all participants were exposed to both condi-
tions of note-taking modality while reading a diferent text passage 
(i.e. brakes or pumps) in each condition. The combinations of text 
passage and note-taking modality were counter-balanced across 
the sample. We facilitated the study entirely online through Zoom 
video-conferencing with 6 Qualtrics  as an online survey tool along-
side. 

To collect the data for both conditions, we used Google Docs with 
the 7 Kaizena  add-on enabled as an online platform for participants 
to read text passages and to take notes using keyboard or voice. 
Kaizena is available as a plug-in inside Google Docs and enables 
participants to highlight a text segment and click a button to record 
a voice note. Further, all participants also reported on their meta-
comprehension judgment and answered the post-study test after 
each condition. Each study session was recorded with the written 
consent of participants and lasted approximately 90 minutes. 

3.8 Procedure 
Figure 1 illustrates the study procedure. Once the participant con-
nected to the session, the researcher gave a brief introduction to the 
study and the URL link to the Qualtrics page. The participant was 
then asked to read through the Plain Language Statement and fll 
in the Consent Form on the page. Upon obtaining the participant’s 
written consent, the researcher shared their screen and demon-
strated the note-taking task using Google Docs and Kaizena for 
both typed and voice notes. The researcher then instructed the 
participant to share their screen and to try to create a few notes 
using both modalities in the same environment. The participant 
then shared their screen for the remainder of the session. 

In each condition, participants frst completed a pre-test that 
consisted of six MCQs. They then read the text passage and were 
asked to take notes that would help them in understanding the pas-
sage content and in answering the post-test questions using voice 
or keyboard, depending on the condition assigned. Before com-
mencing the note-taking task, we informed participants that they 
would not be allowed to access or review the notes after the task or 
during the post-test. Participants were free to delete or re-record 
notes whenever they wanted. In line with prior studies investigat-
ing the efects of note-taking on text comprehension [4, 38, 45], 
we did not impose any time restrictions for the note-taking task. 
This design rationale was also instilled from the underlying aim of 
the study that focuses on investigating which note-taking modality 
allows learners to understand text more deeply. However, when 
time constrain is imposed, participants can drift from their natu-
ral behaviour of reading and note-taking to quickly complete the 
task in the given time frame. Therefore, to capture the naturalis-
tic behaviour of learners while they read, comprehend and record 
notes without being pressured by any constraints, we allowed the 
participants to complete the task at their own pace. 

The researcher stayed online with the participant during the 
entire study session to respond to any questions or provide any 

6https://www.qualtrics.com/
7 https://www.kaizena.com/ 

Figure         
of note-taking modality on participants’ learning. The order 
of the text passage and modality was counterbalanced across 
the sample, such that each participant took notes with both 
modalities but with diferent text passages. 

technical assistance. However, during the note-taking task, both 
the researcher and the participant had their cameras and micro-
phones turned of to minimise any experimenter bias. Immediately 
after completing the note-taking task, we asked the participants to 
complete a short survey segment (meta-comprehension and sub-
jective opinion). Then, participants performed the distraction task 
for two minutes before answering the post-test. Between the two 
conditions, participants were given the option to take a short break 
(3 minutes maximum). 

The order of the modality and the text passage was counterbal-
anced between participants, such that each participant took notes 
with both note-taking modalities but on diferent text passages. For 
instance, if in the frst learning condition, a participant read the 
text passage on brakes while taking notes using voice, then in the 
second learning condition, the same participant would read the text 
passage regarding pumps while taking notes using the keyboard.
Before concluding the session, we conducted a short audio-recorded 
interview in which the participants were asked to comment on the 
usefulness and limitations of using voice note-taking for learning 
activities. We rewarded each participant with a $30 gift card for 
their time and contribution. 

4 MEASURES 
We investigate the efects of note-taking modality (voice vs. key-
board) on participants’ learning based on their text comprehension,
the content of notes generated, and their ability to make a meta-
comprehension judgement on the post-test. 

4.1 Text Comprehension 
We operationalised learners’ text comprehension in terms of their 
post-reading test score. The post-test consisted of 12 factual and 6 
inference questions. The factual questions tested learners’ ability 
to recall single idea units from the passage. In contrast, inference 
questions required participants to integrate multiple idea units 
across the text passage and tested their conceptual understanding 
of the passage. 

4.2 Note Content 
We analysed participants’ notes based on the level of comprehen-
siveness and elaboration. For the analysis of voice notes, we hired 
a professional service to manually transcribe the notes. 

1: Study procedure adopted for exploring the efects
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4.2.1 Note Comprehensiveness. Note comprehensiveness is mea-
sured by the number of idea units stated in the notes. An idea unit 
is a concept consisting of an argument and its relations [32]. For 
instance, the note: “Electric brakes are used as an electromagnet” 
consists of one idea unit, in which “Electric brakes” is an argument 
and “are used as an electromagnet” is a relation. To measure note 
comprehensiveness, we frst split each of the notes into individ-
ual statements and then counted the number of idea units. Two 
independent raters marked the number of idea units for 25% of the 
notes. The overall inter-rater reliability as measured by Cohen’s 
Kappa [42] was 0.95 – suggesting a good agreement between the 
two raters. Hence, the remaining notes were coded by only one of 
the raters. 

4.2.2 Elaboration Level of Notes. Elaboration Level is indicated by 
the number of elaborations discussed in notes. Following Jacob et 
al., we considered an elaboration to be an idea unit that was not 
explicitly stated in the text passage but was either an example or an 
analogy from participants’ personal experience [26]. For example, 
the following note contains two elaborations marked in italics as 
they were not stated in the text passage “Seems like there are two 
kinds of pumps, one is the dynamic pump, and other is positive 
displacement pump. I would compare positive displacement to a dam, 
and I would compare dynamic displacement to something driven by a 
motor”. Two independent coders marked the number of elaborations 
for 25% of the notes. The overall inter-reliability rate was 0.90, 
indicating good agreement between the two raters. Hence, only 
one of the raters marked the remaining notes. 

4.3 Meta-Comprehension 
We operationalised meta-comprehension judgement in terms of 
meta-comprehension accuracy. This measure is defned as the ab-
solute diference between participants’ meta-comprehension judg-
ment and their performance on the post-test [39]. A score of zero 
on meta-comprehension accuracy indicates an absolutely accurate 
judgment. The lower the value of this measure, the higher is the ac-
curacy. The accuracy was calculated separately for each note-taking 
modality and for each participant. 

5 RESULTS 
We frst report the efects of note-taking modality on learners’ text 
comprehension. Then, we report the analysis of note content when 
diferent note-taking modalities are used. Lastly, we investigate the 
efects of note-taking modality on learners’ meta-comprehension 
judgement. 

5.1 Preliminary Analysis 
To better understand how the choice of text passages might have 
afected our results, we analysed the perceived difculty and par-
ticipant interest about them. We conducted separate paired t-tests 
for this analysis, and report efect sizes with Cohen’s d [12]. Ta-
ble 1 shows the mean perceived difculty and interest across two 
text passages reported by participants. We did not fnd a signif-
icant diference in the perceived difculty of the text passages, 
t59 = −.77, p = 0.44,CI = [−.25, .5],d = .09. Similarly, we did 
not fnd a signifcant diference in participants’ interest in the text 
passages, t59 = 1.35, p = 0.17,CI = [−.13, .70], d = .17. As such, 

Table 1: Mean with standard deviation (in parenthesis) of 
the perceived difculty, interest and time taken (reported 
in minutes) by the participants to complete the note-taking 
task for the two text passages. 

Measure Brakes Pumps 

Difculty (0-7) 4.32 (1.76) 4.04 (1.74) 
Interest (0-7) 3.85 (1.64) 4.23 (1.76) 
Time taken for the note-taking task 16.1 (3.8) 17 (2.34) 

we assume the two passages to be of comparable difculty and per-
ceived interest. Further, to observe whether the time taken for the 
note-taking task could have afected participants’ post-study test 
performance, we calculated the Pearson correlation [19] between 
the time taken by the participants to complete the note-taking task 
and their score in the post-study test. Table 1 also reports the av-
erage time taken by the participants to complete the note-taking 
task for the two text passages. We observed that the participants’ 
post-study test performance did not correlate with the time taken 
to read and record notes, as the correlation score between these 
two variables was week, r = .001 for brakes and r = .01 for pumps 
text passage. 

5.2 Efect on Text Comprehension 
To investigate whether the note-taking modality afects partici-
pants’ text comprehension, we built a linear mixed-efects model in 
R using the lme4 package [6]. Linear mixed-efects models are used 
to represent dependent or clustered data which arise, for instance, 
when observations are collected over time for the same subject [21]. 
It is an extension of the general linear model and includes both fxed 
efects and random efects. Variables that are expected to have an 
infuence on the dependent variable are specifed as fxed efects in 
the model. In contrast, variables that are expected to have random 
infuence on the dependent variable are specifed as random efects. 
The resulting model estimates the impact of the fxed efects on the 
dependent variable, after accounting for any infuence of random 
efects. The rationale for using a linear mixed-efects model over 
a simple linear regression model was that the former can handle 
correlated data and unequal variances more efectively [62]. As our 
design included several observations for the same participants, we 
built a mixed-efect model for the data to indicate both the random 
and fxed efects. 

In this model, following prior studies on note-taking [29], we 
treated the participant ID as a random efect to control for partici-
pants’ idiosyncrasies. Participants in our study read a separate text 
passage in each of the two experimental tasks. To avoid any possible 
learning efects caused due to the diferences between the text pas-
sage read in the two experimental conditions, we also included the 
passage ID as a random efect in the model. Participants’ test scores 
were treated as the dependent variable. We treated the note-taking 
modality (Voice vs. Keyboard), the question type (Factual vs. In-
ference), and the interaction between note-taking modality and 
question type as fxed efects. Further, we added the participants’ 
pre-test score for each passage as a covariate in the model. 
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Table 2: Efects of model factors on predicting participant’s 
test score. Model Formula = Score ∼ Modality ∗QuestionType + 
PriorKnowledдe + (1|Participant) + (1|Passaдe), where Score 
= post-test score, Modality = note-taking modality (Voice 
vs. Keyboard), QuestionType = type of question (Factual vs. In-
ference), PriorKnowledдe = pre-test score, Participant = iden-
tifcation number of each participant and Passaдe = identif-
cation number of each passage, ***p < 0.001, *p < 0.05 

Variable Estimate SE t p 

(Intercept) 16.52 4.3 5.15 2e-16*** 
Modality (Keyboard) -2.46 3.09 -0.79 0.42 
QuestionType (Inference) -3.05 3.09 -0.98 0.32 
PriorKnowledge -0.18 0.10 -1.7 0.2 
Modality:QuestionType -3.40 4.01 -2.40 0.04* 

The fnal model, with its parameters, is shown in Table 2. To test 
for the assumptions of the linear mixed efect model, we visually
inspected the residual plots, which did not reveal any apparent 
deviation from normality. Further, we checked for the presence of 
multi-collinearity between the fxed efects. All the predictors for
the model had a variance infation factor between 1 and 3, which is 
below the threshold to suggest multi-collinearity. 

We measured the efect of note-taking modality on participants’
text comprehension. We report this in terms of their overall post-
test scores. The t-values and p-values of test results were reported 
on Satterthwaite’s approximation of the efective degree of freedom 
[53]. Figure 2 presents a bar chart of participants’ post-test scores 
across the two note-taking modalities. 

The model for text comprehension was statistically signifcant 
( 2 χ = 27.29,p < 0.01) and describes 9% of variance of 4 participants’
test scores (Marginal 2  R = 0.09, Conditional 2  R = 0.29). The results 
indicate that although the mean post-test score was higher for voice 
note-taking (mean = 65.2%, SD = 19.9) than keyboard note-taking 
(mean = 59.1%, SD = 19.1), the efect of modality in predicting 
learners’ score was not signifcant across all questions (p > 0.05). 

As expected, participants’ scores in the inference-based ques-
tions (mean = 58.8%, SD= 23.8) were lower than in the factual 
questions (mean = 66.31%, SD = 14.9). However, this diference was 
not statistically signifcant (p > 0.05). 

Finally, we observed a signifcant interaction efect between 
modality and question type (t178 = −2.40, p = 0.04). This result 
suggests that the note-taking modality has diferent efects depend-
ing on the type of question being asked. To explore the interaction 
between the modality and question type, we conducted pairwise 
comparisons from the contrasts between factors using the lsmeans 
package in R [36]. Table 3 shows the results of diferences in the 
least square (LS) means with the associated confdence intervals 
(CI) and p-values for pairwise comparison between the two factors.

The results in Table 3 highlight two interesting insights. First,
whereas we found no signifcant efect of the note-taking modality
on test scores in factual questions, (CI = [−5.6, 10.5], p > 0.05),
we did fnd a signifcant efect in inference-based questions (CI = 
[3.4, 19.6], p < 0.01). Second, whereas we did not observe a signif-
cant diference between factual and inference-based question scores 

 

 

 

 

 
 
 
 

Figure 2: A: Overall Post-test scores across two conditions 
of note-taking modality. B: Post-test scores across two con-
ditions of note-taking modality split on the question type. 
Error bars represent 95% CI, **p < 0.05 

when using voice notes (CI = [−5.0, 11.1], p = 0.76), we found a 
signifcant drop in performance in inference-based questions when 
using typed notes (CI = [4.0, 20.1], p < 0.01). 

5.3 Efect on Note Content 
Given           
behaviour [22], we expected to see diferences in the content of the 
notes depending on the choice of modality. To explore the efect of 
the modality on the note content, we analysed the notes in terms of 
their comprehensiveness and and level of elaboration. Comprehen-
siveness refects the number of idea units discussed in notes, while 
the level of elaboration refers to the number of elaborations of an 
example, analogies, and personal experiences discussed in notes. 
We built two separate linear mixed-efects models to investigate 
this efect. In both models, to control for the idiosyncrasies of the 
participants and the text passages, we treated the participants and 
passage IDs as random efects. We treated the note-taking modality 
(voice vs. keyboard) as a fxed efect for both models. The num-
ber of elaborations and the number of idea units were treated as 
the dependent variables. Figure 5 shows representative examples 
of the kinds of notes made by participants using each of the two 
note-taking modalities. 

The model for note comprehensiveness was statistically signif-
cant ( 2 χ = 24.9, p < 0.001) and described 13% of variance (marginal 1 
2 R = .13, conditional 2  R = .45). The main efect of modality on 

note comprehensiveness was signifcant (d = 1.63,p < 0.001). The 
model is shown in Table 4. The model suggests that when taking 
voice notes, learners include more idea units than when typing 
notes by using a keyboard (see Figure 3). 

The model for the level of elaboration was also statistically sig-
nifcant ( 2 χ = 14.28,p < 0.001) and described 11% of variance 1
(marginal 2 R  = .11, conditional 2  R = .13). The main efect of modal-
ity on elaborations was signifcant (d = 0.69,p < 0.001). The model 
is shown in Table 4. These results suggest that learners tend to 
elaborate more on the content when taking voice notes than when 
typing notes (see Figure 3). 

These fndings suggest a potential explanation for the positive 
efect of the use of voice notes on participants’ performance on 
inference-based questions—because voice notes lead learners to 

that the afordances of the input modality can shape user
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Table 3: Pairwise contrast of interaction between note-taking modality and question type, **p < 0.01, ***p < 0.001 

Contrast Estimate SE t lower CI upper CI p 

Voice Factual - Keyboard Factual 2.46 3.12 0.78 -5.63 10.56 0.85 
Voice Factual - Voice Inference 3.05 3.12 0.98 -5.04 11.15 0.76 
Keyboard Factual - Keyboard Inference 12.08 3.12 3.87 3.99 20.18 0.000*** 
Voice Inference - Keyboard Inference 11.49 3.12 3.68 3.40 19.59 0.001** 

Table 4: Efect of modality on predicting note comprehen-
siveness, indicated by number of idea units and level of elab-
oration indicated by the number of elaborations, **p< 0.01, 
***p < 0.001 

Note Comprehensiveness 

Variable Estimate SE t p 

Intercept 23.76 3.0 7.89 2.84e-
12*** 

Modality 18.6 3.38 5.5 0.000*** 

Elaboration level of notes 

Intercept 1.45 0.46 3.14 0.002** 
Modality 2.53 0.64 3.93 0.000*** 

increased elaboration and comprehensiveness in their notes by 
discussing more idea units together, they lead to improved com-
prehension of the text. To test this hypothesis, we conducted a 
mediation analysis by taking the number of elaborations and the 
number of idea units as mediators. Note-taking modality was the 
dummy-coded predictor variable, and learners’ performance on 
the post-test inference-based questions was taken as a dependent 
variable. To conduct the mediation analysis, we applied Hayes’s 
bootstrapping methodology [25] with 10,000 simulations. The re-
sult of the mediation analysis is shown in Figure 4. We report the 
results of the signifcant efect of the mediation analysis using the 

Figure 3: A: Total number of elaborations made by partic-
ipants using voice and keyboard note-taking modality. B: 
Total number of idea units discussed by participants using 
voice and the keyboard note-taking modality. Error bars rep-
resent 95% CI, ***p < 0.001 

estimates, SE, and 95% CI of the estimates. The CI estimates that 
do not include zero are considered signifcant. 

The fndings of the mediation analysis revealed a signifcant 
direct efect of the note-taking modality on the learning perfor-
mance (estimate = 9.03, 95% CI [.05, 18.01]). Additionally, we found 
that modality had a signifcant indirect efect of 4.77, SE= 2.21, 95% 
CI [.82, 9.95], on learners’ learning performance mediated via the 
number of idea units. On the other hand, regarding the number of 
elaborations, the analysis revealed a non-signifcant indirect efect 
of 2.41, SE= 1.75, 95% CI [-6.06, 0.88] of modality on learners’ learn-
ing performance. The results of the mediation analysis suggest that 
voice leads learners to elaborate more on the information read in 
the text passage and to make more comprehensive notes, indicated 
by the number of idea units. However, only the note comprehen-
siveness mediated the efect of note-taking modality on learning 
performance for inference-based questions. 

5.4 Efect on Meta-comprehension Accuracy 
The meta-comprehension accuracy was operationalised as the ab-
solute deviation between learners’ judgement and their actual test 
performance on the entire post-test. The mean meta-comprehension 
for the voice note-taking condition was 17.25 (SD = 11.93), and for 
keyboard note-taking condition was 15.09 (SD=11.9). To measure 
the efect of note-taking modality on learner’s meta-comprehension 
judgement, we again built a linear mixed efect with the absolute 
meta-comprehension accuracy as a predictive variable, the partici-
pant and passage IDs as random efects, and the note-taking modal-
ity as a fxed efect. The model for meta-comprehension accuracy 

MODALITY

IDEA UNITS

a =18.6* b = 0.26*

ELABORATIONS

LEARNING 
OUTCOME

c = 9.03*

d = 2.51* e = 0.96

Figure 4: The model showing the efects of note taking 
modality on learners’ learning performance on inference 
based question, with the number of idea units and number 
of elaborations as mediator. Values on paths are regression 
coefcients. * p < 0.05 
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Figure 5: Typed and voice notes made by participants (ID given in parenthesis) for a paragraph of the two text passages. IU 
indicates the number of idea units discussed in each note. E indicates the number of elaborations made in each note. Notes 
are color coded based on participants’ ID 

was not statistically signifcant ( 2 χ = 1.07, p = 0.29) and the main 1
efect of modality on learner’s meta-comprehension judgement 
was not signifcant (t60 = −1.43,p = 0.30). The results indicate 
that even though the mean meta-comprehension accuracy reported 
by learners using voice as a note-taking modality was higher than 
the keyboard, we found no signifcant efect of the note-taking 
modality on participants’ ability to predict their performance on a 
future test. 

5.5 Learners’ Perception Toward Voice 
Note-taking 

To identify potential opportunities and challenges in adopting voice 
note-taking in educational settings, we analyzed participants’ inter-
view transcripts using a general inductive approach [59]. For this 
purpose, two authors from the research team independently read 
the data and developed codes, focusing on the potential benefts and 
limitations of voice notes. An initial set of twelve thematic labels 

were          
ther reviewed by the second coder, which resulted in the removal 
of one theme. A fnal set of eleven codes were agreed upon, out of 
which six focused on the benefts and fve on the limitation of voice 
notes. Lastly, a coding consistency check was conducted in which 
the two coders independently applied the developed codes back to 
the raw data deductively. We observed an overall inter-reliability 
rate of 0.86, measured by Cohen’s Kappa [42], suggesting a good 
agreement between the two coders. All disagreements between 
coders were resolved through discussion. 

We split the fndings into two high-level categories which fo-
cused on the potential benefts and limitations of adopting voice 
note-taking. 

5.5.1 Benefits of Voice Notes. Participants were generally receptive 
towards using voice notes. The themes constructed in this category 
were as follows. 

developed by the frst coder. The developed themes were fur-
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(1) Ease of Input: Twenty-seven participants acknowledged 
that recording notes via voice was more convenient than typ-
ing them, simply because speaking is much “faster” (P7) and 
“easier” (P8) than typing. Participants further commented 
that compared to typed notes, voice notes assisted them in 
recording more content in less time: “I feel from recording the 
audio is defnitely much easier than text because I just speak 
and, um, they’re recorded, but the text one has I have to type 
and this is really time consuming compared with the audio 
one.” (P28). 

(2) Capturing Momentary Thoughts: Eight participants com-
mented that recording notes via voice was more spontaneous 
and assisted them in capturing momentary thoughts and 
ideas before they are forgotten: “With voice notes you can just 
say out loud and it gets recorded the thought process instantly 
without forgetting any idea” (P35). Participants further elabo-
rated that typing notes using a keyboard is a time-consuming 
activity, hence there exists a high possibility that essential 
ideas might be forgotten during the process of typing con-
tent: “Sometimes, I would have an idea in my mind, that I 
want to note down, but when I type it, maybe if it’s too long 
and halfway, I might forget what I was thinking before, but 
with audio it will be faster so that I can just directly say what 
I had in mind” (P16). 

(3) Collaborative Note-taking: Two participants recognized 
the benefts of voice notes for collaborative learning tasks 
(P23, P51). This was mainly because voice allows them to 
easily emphasize essential ideas by changing their “tone” 
(P23), which can help them to better communicate with 
fellow peers: “In case, if I’m using audio on a project with my 
other team members, like, telling ideas in audio could be in our 
own slang, then this will actually give them the exact meaning 
of what I’m trying to tell but when it text, that could be any 
diferent kind of meaning they could have understood from 
what I am trying to say” (P51). 

(4) Rehearsing and Encoding: Twelve participants reported 
that while practising voice note-taking, they were “intention-
ally thinking” (P26) about the note content before recording 
it. This encouraged them to “re-read” (P33), “synthesize” (P7) 
and “memorize” (P10) the learning content before speaking 
aloud, which they suggested was helpful for developing a 
deeper understanding and encoding of the learning material. 
Compared to this, with typed notes, participants commented 
that they were more inclined to copy content from the read-
ing material without much understanding: “With text ... be-
cause I am thinking internally and some time even if I don’t 
understand I made a note just because for the sake of taking 
notes. But with audio if I make a note and I don’t actually have 
not understood the idea while I am making note, I will stop 
and re-read it and then explain to my self which I don’t know 
helped me get better idea of the text passage” (P52). 

(5) More Attention Towards the Learning Content: Eight 
participants felt that recording voice notes prompted them to 
pay more attention to the learning content. This was mainly 
due to two reasons. Firstly, with voice note-taking partici-
pants were able to simultaneously inspect the learning con-
tent as well as speak out loud. This notion of recording notes 

while still visualizing the text helped them focus more atten-
tion on the learning content: “For note composing purpose . . . 
I think somehow I read the text more when I was recording an 
audio note, even while I am recording my eyes were on the text 
rather then you know focused on the keyboard or the note. So 
your visual memory is also free for you to read the text while 
speaking as well” (P50). Compared to voice, participants com-
mented that with typed notes, they had to switch their visual 
attention from the text towards the keyboard modality when 
manually typing content. This broke their thought process 
and diverted their attention from the primary learning task:“ 
I paid more attention toward the reading task with audio notes 
as you can easily record audio notes without much work but 
with text the way I did it is that it requires a lot of efort. I have 
to stop reading and then use a keyboard for typing a concise 
note” (P34). Secondly, participants commented that while 
recording voice notes, they did not have to take care of gram-
matical or typing errors commonly associated with typing 
text. This further allowed them to focus more attention on 
the learning content rather than being distracted by these 
errors:“With typing I was more concerned about the grammar 
and spelling mistakes I can make rather then the actual content 
which I tended to write” (P48). 

) Active Explanation and Refection: Twenty-one partic-
ipants agreed that taking voice notes compelled them to 
explain learning concepts to themselves or to an imaginary 
audience. These individuals felt that they subsequently “re-
fected” (P25) and “elaborated” (P18) more on the learning 
content by giving real-life examples: “with audio notes, I was 
speaking so its like I am explaining things to some one so I 
was like saying more content and giving example.” (P42). They 
further felt that the expression of content in their own words 
helped them to gain a deeper understanding of the subject 
matter: “With audio... like you could tell it in your own way 
and expression was better and understanding was better” (P52). 
Contrarily, participants felt that while typing notes, their 
thoughts were more “internalized” (P52) and they simply 
wrote minimal content in their notes without much refec-
tion: “With text I just tried to highlight, what are the important 
parts of the passage and referring them in notes. But for the 
audio part, I was trying to express the message of the content 
rather than just highlighting the important things” (P6). 

(6

5.5.2 Limitations of Voice Notes. Participants expressed some con-
cerns regarding the adoption of voice notes. We have split their 
feedback into fve themes. 

(1) Recording and Replaying Voice: Eight participants were 
less enthusiastic about voice notes as they self-counscious 
while recording their voice: “When you’re speaking, you have 
some sense of kind of shyness. Also, you kind may not be, feel 
totally confdent in saying things.” (P1). Similarly, participants 
perceived that when reviewing voice notes, they would not 
be comfortable while listening to their own voice: “The only 
thing that I’m considering is, so suppose I’m learning it again, 
like I moved to the concepts again, would I listen to my own 
audio? Cause you know, sometimes listening to your own voice 
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is sometimes weird but if you can change it. . . to smart voice 
that would be best” (P31). 

(2) Editing Voice Notes: Four participants were concerned 
with the difculty in editing their voice notes. They com-
mented that to edit content in a recorded voice note, they 
had to record a new voice note which can become cumber-
some: “the issue is, when we did something wrong in the audio, 
it’s very hard to edit . . . we need to hear it again to fnd the bit 
and if we recorded wrong then I cannot directly edit it rather, I 
have to make a new note” (P36). 

(3) Search and Review: Seventeen participants expressed their 
concern that reviewing voice notes would require “time and 
efort” (P56, P60) as they had to serially listen to the recording 
to understand the note content: “If you want to review your 
audio comments, you have to repeatedly listen to it. And for 
example, if you made an audio comment for 10 seconds then 
at least you will need to spend 10 seconds to review it” (P34). 
Moreover, participants noted that as voice notes could not be 
visually skimmed, searching for the desired content in a voice 
note would be challenging: “With text you can categorize 
content and then you can see what you have written, but in 
audio, like you can’t really have these things ... let’s say, like, 
if you see how I took the text now there were like categories 
and like, could you see it overall? So for reviewing I could have 
an overview summary of the things without even looking at in 
detail and it’s easy to fnd what you want to fnd." (P31). 

(4) Structuring and Sketching: Eight participants reported 
that with voice note-taking, they had difculty in organizing 
their thoughts as they could not add structure to their note 
content: “With text you have the feasibility, like, you can 
better organize ideas, like for audio, I can say, okay, these are 
the bullet points or anything. I have to speak. But with text I 
can better organize my notes. Like I can highlight the main 
statement and then break it down and write a bullet points 
or anything like that.” (P44). Participants further noted with 
voice notes, it would be impossible to draw a graph or image 
which may be necessary for some learning content: “I still 
think there’s value when I have to hand write things down and 
especially diagrams and drawing pictures and stuf, I think 
that’s, something that audio cannot achieve” (P30). 

(5) Shared workplace: Seven participants expressed their con-
cern about using voice notes in certain settings like class-
rooms, libraries or quiet shared workspaces as fellow oc-
cupants might be disturbed while audio is being recorded: 
“Another issue is, cause now I totally study online and stay at 
home so audio is okay. But instead, I mean, before the semester, 
I always study in library, which is a quiet, convenient envi-
ronment. So if I speak loud to take notes it may afect others” 
(P37). 

6 DISCUSSION 
In this paper, we investigated whether note-taking modality could 
afect learners’ text comprehension, their note contents, and their 
ability to make an accurate judgement regarding text comprehen-
sion. By analysing these behaviours, this research provides evidence 
that support the use of speech as an input modality for taking notes 

on digital documents and thus motivates the design of note-taking 
tools that assist learners to gain a better conceptual understand-
ing of digital texts. In this section, we discuss the fndings of our 
research questions. 

6.1 Towards a Better Conceptual 
   Understanding of Text

Our        
can afect learners’ text comprehension. To measure this, we as-
sessed learners’ performance on the post-test, which consisted of 
factual and inference-based questions. Our fndings suggest that 
typed notes and voice notes may ofer similar benefts when an-
swering factual questions. These fndings are in line with prior 
research that investigated the efect of explanatory modality on 
learners’ text comprehension [26, 34]. Jacob et al. [26], for instance, 
found that if the goal of the learning activity is to acquire basic 
knowledge (as opposed to deeper knowledge), then the modality 
used for articulating the explanation may not afect participants’ 
performance. 

However, we found that voice notes seemed to ofer an advantage 
in answering inference-based questions. A possible explanation for 
this may be that inference-based questions required learners to 
connect multiple idea units across the text passage and tested their 
conceptual understanding of the passage. Based on learners’ notes, 
we found that the number of idea units in voice notes (mean idea 
units/voice note = 5.14 ± 3.7) far exceeded the number of idea units 
in typed notes (mean idea units/text note = 2.36 ± 1.93). Thus, it 
appears that voice note-taking may assist learners in generating 
inferences based on the information presented in the text passages, 
where learners seemed to connect the ideas and concepts across 
those passages. The act of integrating idea units across multiple 
sentences may lead to the construction of new knowledge [11, 15]. 
Learners who are able to discuss more idea units in a single note are 
likely to make better inferences about the text, and are also likely 
to develop a better conceptual understanding, which is refected 
in their performance in the post-test. These fndings were also in 
line with prior studies that investigated the efect of explanatory 
modality on inference-based questions [26, 34]. These studies found 
that while generating explanations using voice, learners elaborated 
more on the text passage, which increased their score in inference 
based questions [26]. 

We also found that learners’ performance was signifcantly lower 
for inference-based questions than the factual questions when using 
keyboard. We believe that a possible reason for this could be that 
learners generally used fewer idea units in their typed notes (see 
Figure 3). Moreover, the number of elaborations in typed notes 
were either very few or none at all (see Figure 3). Therefore, after 
typing notes using a keyboard, while learners could recall specifc 
idea units in factual questions, they struggled to connect multiple 
idea units when they were required to answer inference-based 
questions. 

frst research question examined how note-taking modality

6.2 Towards Generating Better Notes 
Our second research question examined the impact of the note-
taking modality on the content of the notes generated by our par-
ticipants. We analysed the content of the notes in terms of their 
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comprehensiveness and level of elaboration. We defned compre-
hensiveness in terms of the number of idea units discussed in a 
note. Further, we measured the level of elaboration in terms of the 
number of elaborations made by the learner. We found that learners 
who used voice as a modality for their notes discussed more idea 
units than those who used the keyboard. Similarly, learners elabo-
rated more on the subject matter when they made notes using voice 
modality than when they used the keyboard. A possible reason 
for this behaviour could be the presence of social involvement. As 
suggested in prior research [26, 34], voice can encourage learners to 
address a potential audience by making more person-deictic refer-
ences (e.g., “me”, “you”) in their notes [35, 56]. This higher levels of 
social involvement could potentially lead learners to discuss more 
idea units and elaborate more on the subject matter. 

Further, we observed that note comprehensiveness (indicated 
by the number of idea units) mediated the efect of note-taking 
modality on text comprehension. These fndings suggest that voice 
notes led learners to take more comprehensive notes, which, in 
turn, improved inferences about the text, which ultimately resulted 
in a higher score for inference-based questions. 

6.3 Comparable Efects of Modality on 
Meta-comprehension 

The third research question investigated the efect of note-taking 
modality on learners’ meta-comprehension judgement. The results 
of our analysis revealed no signifcant efect of note-taking modal-
ity on learners’ ability to judge their performance for an upcoming 
test. From the results of this study, we suggest that even though a 
change in note-taking modality from keyboard to voice increases 
learners conceptual understanding of the text, the perception of 
their learning performance might remain unafected. These results 
are consistent with the fndings of prior research [20, 40], which re-
vealed no signifcant correlation between learning performance 
of participants on immediate post-reading test and their meta-
comprehension judgement. The fndings of these studies suggested 
that even if learners engage in active elaborations which leads them 
to better comprehend the text and to provide comprehension-level 
cues, learners may not use these cues when judging their own text 
comprehension. 

6.4 Potential Benefts and Challenges for the 
Adoption of Voice notes 

The last research question aimed to identify the opportunities of 
voice notes and challenges learners might face when using voice 
note-taking for learning activities. We conducted a thematic anal-
ysis on participants’ interview responses and identifed eleven 
themes that focused on the identifed aims. The fndings of our 
analysis revealed that participants were generally receptive to voice 
notes. This was primarily because the act of speaking content was 
a more convenient way of composing notes and allowed them to 
capture instant ideas. Moreover, participants also reported that 
they actively paraphrased and refected on the learning content 
while taking voice notes. This rich expression of content can be 
explained by the higher level of social presence associated with the 
oral discourse, which can prompt learners to address a potential 
audience and elaborate on the subject matter by giving examples 

or analogies [26]. Additionally, as voice is a gaze-free modality, 
participants were able to simultaneously read and compose voice 
notes, thus paying more attention to the learning content itself 
rather than shifting their attention to type up notes manually. 

Apart from the benefts of voice notes, our fndings revealed 
that using voice for recording notes may pose some challenges. 
Participants were hesitant to record voice notes in classrooms or 
shared workspaces as speaking aloud to record voice notes may 
pose privacy concerns and disturb surrounding peers. Moreover, 
participants raised concerns regarding reviewing and searching 
voice notes. This was because, compared to typed notes where 
visual cues (e.g., spatial structuring) could be capitalised, search-
ing and reviewing voice notes is a relatively time-consuming and 
cumbersome activity. This fnding could inform the design of voice 
note-taking applications to provide text transcriptions of recorded 
voice notes. This will facilitate not only the note review process 
but also help learners to edit and search content in notes. Further, 
some participants were hesitant regarding listening to their own 
voice while reviewing voice notes, suggesting that they might not 
prefer to review votes notes. This suggests that the benefts of voice 
note-taking may be more apparent during note recording as it al-
lows learners to actively refect on the learning content than during 
the note-reviewing process. As such, future research can conduct 
studies on how output modality (audio vs written) can afect the 
task of note-reviewing. 

Overall, the mobility aforded by voice notes suggests that learn-
ers could practice this form of note-taking in a digital learning 
environment, where they are more prone to consume material 
in a relatively quiet place, and still support comprehension goals. 
Additionally, learners could also use voice notes in collaborative 
learning activities (e.g., peer-reviewing and peer-discussion) to 
provide meaningful and semantically rich feedback to their peers. 

7 LIMITATIONS AND FUTURE WORK 
We acknowledge fve limitations in this study. Previous research in-
dicates that the efects of modality used for learning tasks based on 
text comprehension depend on the complexity of the text passage. 
For instance, Jacob et al. [26] suggest that when generating expla-
nations, the efect of modality on text comprehension depends on 
the text complexity. Whereas the efect of the modality is small in 
texts of lower complexity, the efect is more pronounced in texts of 
higher complexity. In the present study, the reading material used 
for note-taking was perceived to have high levels of text complexity 
by the novice learners (mean subjective reading difculty reported 
= 4.18/7, SD = 1.76). Hence our fndings regarding the efects of 
voice notes for the conceptual understanding are suitable for text 
passages that are perceived to have a higher level of text complexity. 
Future research should investigate whether these fndings could 
be generalized with reading materials with a lower level of text 
complexity. 

Further, to observe the efects of note-taking modality on learn-
ers’ text comprehension, we conducted the post-test immediately 
after reading and distraction task. As a consequence, we only ex-
amined the short-term efects of the note-taking modality on text 
comprehension. The question of whether these efects translate to 
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a longer-term remains open for future work to explore, possibly by 
conducting a delayed knowledge test. 

A third limitation is that in this study participants were not 
allowed to review their notes before the post-reading test. The 
rationale for this design decision was that reviewing typed and 
voice notes could demand varying time which could potentially be 
a confounding factor in this study. Nevertheless, future research 
could be conducted to allow learners to review their notes during 
the reading task to investigate the impact of the review of voice 
notes on text comprehension. In particular, we note the distinction 
between the input modality used to create the note and the output 
modality used to consult it. Through the use of text-to-speech and 
speech-to-text technologies, it is feasible to separate the creation 
and consumption of notes. As such, future work can explore the 
diferent combinations of typed/spoken notes as input modalities 
and written/audio notes as output modalities. 

Further, we conducted our study in a controlled setting with uni-
versity students. Therefore, even though our fndings indicate that 
compared to keyboard, voice note-taking modality assists learners 
to comprehend the text better, the external validity of our fndings 
is limited. Therefore, future research is encouraged to replicate 
our study in a more realistic setting (e.g., in physical and online 
classrooms) with diferent texts and study populations to validate 
the robustness of our fndings. 

Lastly, we observed that while taking voice notes, learners recorded
information that did not require spatial structuring. However, many 
areas of knowledge can beneft from a visual representation, which 
includes anything from equations to mind maps. In these cases, 
the voice modality may not be as efective as compared to other 
modalities. Therefore, our fndings regarding the superior efects 
of voice notes on text comprehension are limited to the reading 
content regarding which learners can easily record the informa-
tion using the voice modality without needing to draw diagram or 
concepts maps in their notes. This suggests that note-taking appli-
cations should provide users with an alternative or complementary 
input modalities, enabling users to decide how to best leverage the 
afordances of each of them. 

 

8 CONCLUSION 
Although voice note-taking is becoming increasingly popular, there 
is a lack of evidence about how this modality may support com-
prehension goals. The present study bridges this gap by providing 
insights into the efects of voice note-taking on learners’ text com-
prehension, their meta-comprehension judgements, and the con-
tents of their notes. Our fndings suggest that a change of modality 
from keyboard to voice may enable learners to make more elabo-
rations and discuss more idea units in their notes. This can assist 
learners in text comprehension, as refected in their post-test scores. 
Further, the fndings indicate that if the goal is to gain basic knowl-
edge of the study content, then both modalities (keyboard vs. voice) 
perform similarly, but if the goal is to enable learners to gain a 
deeper conceptual understanding by making inferences, voice note-
taking might be more efective than typing notes using keyboard. 
Lastly, the fndings suggest that both note-taking modalities have 
comparable efects on learners’ meta-comprehension judgement 
of text comprehension. Overall, our fndings suggest that voice 

modality could be incorporated in digital learning environments 
for taking notes as it could trigger higher-order comprehension and 
enable learners to get a better conceptual understanding of digital 
texts. 
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