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Abstract 
 
Note-taking is an effective learning strategy for SRL development. However, learners cannot 
write what the teacher wants them to because they lack opportunities to learn note-taking skills. 
Therefore, we proposed that learners learn note-taking from each other in class. This study aims 
to reveal the impact of visualizing learning behavior on learning strategy use in class. We 
developed a tablet-based note-taking assist system that can visualize where learners have written 
using data collected in real time. We divided 40 learners into using and not using the 
visualization function groups. The results indicated that learners felt a sense of classroom 
community using the visualization. Visualizing others’ unclear elements suggested that learners 
tried to judge whether they understood. However, the visualization could not affect the amount 
of note-taking. 
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Introduction 
 
Self-Regulated Learning 
 

OECD (2018) supposed that learners need to develop self-regulated learning (SRL) skills 
in a vision for the future of education. SRL is the ability to cycle through forethought, 
performance, and reflection on their own to learn effectively (Usher & Schunk, 2018). Learners 
plan through task analysis and control motivation in the foresight phase. In the execution phase, 
learners use learning strategies to monitor their learning while following the plan. In the 
reflection phase, learners reflect on their learning and improve their plans. These three phases 
enable learners to learn effectively. Nilson (2013) proposed note-taking as one of the effective 
learning strategies for SRL development for in-class learning support. 
 
Effectiveness and Problems of Note-Taking 
 

Note-taking has two features: encoding and storage functions (DiVesta & Gray, 1972). 
The encoding function facilitates recognition processing by combining the learning contents with 
the learner’s prior knowledge through writing notes. The storage function enables effective 
review by reading notes. Morehead et al. (2019) suggest that many learners take notes in class 
but cannot write what a teacher wants students to write because they have few opportunities to 
learn note-taking skills. One of the ways to support note-taking is to distribute class material. 
Writing directly on the class material facilitates understanding of the class (Avval et al., 2013). 
However, Lannone and Miller (2019) suggest that more support is needed to encourage more 
learners to take notes because few learners take organized notes on the teacher’s explanations. 
 
Who Provides Feedback on Note-Taking? 
 

It is difficult for teachers to teach how to note-taking in class (Nilson, 2013). We 
proposed learning strategies such as note-taking among learners. For interactions among learners 
to be active, they must have a sense of classroom community with each other. ROVAI (2002) 
defines the sense of classroom community as the belief among members that their educational 
needs will be met by working on a common learning goal with each other. If students get a sense 
of classroom community in the class, students will feel a sense of humanity and help each other 
improve their learning behaviors. 

Nowadays,  many countries witnessed the growing trend of teachers and learners using 
information and communication technology (ICT) in classes in recent years. Of course, in Japan, 
the Ministry of Education, Culture, Sports, Science, and Technology (MEXT, 2020) has 
promoted a policy to allow all students to own devices to develop networks in elementary to high 
school. Furthermore, as it has become possible to collect educational data, such as a learner’s 
sequence of learning behaviors, learning analytics has also developed to support learners by 
analyzing and reporting these data (Baker & Inventado 2014). An example of such a feedback 
system is the “Metaboard,” a learning analytics dashboard that supports learners’ metacognition 
and SRL by visualizing their learning behavior (Chen et al., 2020). Furthermore, learners can 
take notes using a pen and tablet in class without any stress (Özçakmak & Sarigöz, 2019). 
However, there is little research that supports tablet-based note-taking through learner interaction. 
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Nudge Theory in Education 
 

We focused on the nudge theory to promote interaction with others in the class. Research 
on nudges has been active in the field of behavioral economics. Thaler and Sunstein (2009) 
define the nudge as any element of choice behavior that changes people’s behavior predictably 
without narrowing the choice or significantly changing the economic stimulus. Research on 
nudges has also been applied to educational studies (Weijers et al., 2020). However, most 
research is confined to nudging on teaching policies, for example, reduction in dropouts and 
increase in credit earners. However, there was little research on nudging the learning strategies 
among learners in class. In this study, we define “educational nudge” as improvements in a 
learner’s note-taking, achieved by referring to the colors and positions of the note-taking of other 
learners. Thus, we aim to learn each other’s learning strategies, such as note-taking in class. 
 

Purpose 
 

This study aims to reveal the impact of visualizing learning behavior on learning strategy 
use in class. We used a tablet-based note-taking assist system developed by Kondo et al. (2021). 
We had learners use the system in class and evaluated its effectiveness with questionnaires and a 
note-taking log. We explored the three research questions as follow: 

1. Does the visualization of others’ note-taking improve learners’ sense of classroom 
community during note-taking? 

2. Does the visualization of others’ note-taking increase the amount of writing? 
3. Does the visualization of others’ note-taking contribute to using in-class learning 

strategies? 
 

System Overview 
 

In this study, we used Nudge for Note Taking Assist System (NoTAS) developed by 
Kondo et al. (2021). NoTAS is a web application that supports note-taking in a class where each 
learner and teacher has a tablet. It can deliver class materials (PDF) to a browser, allowing 
learners to write notes and highlight using a tablet pen. NoTAS also maintains a note-taking log, 
showing when and what kind of content was written or deleted. NoTAS consists of four types 
layers (Figure 1). 

Furthermore, NoTAS can visualize others’ note-taking information using the collected 
logs. When a learner writes notes on or highlights class material, the approximate locations of 
notes and highlights created by others in the class are visualized on the same material in almost 
real time. This layer overlaps with the number of learners in class; thus, the greater the number 
of learners who fill in the same part, the darker the color appears. Consequently, the areas written 
by many learners are emphasized. Figure 1 shows an example of the NoTAS visualization. Red 
areas indicate that other learners wrote notes. Yellow areas indicate that other learners 
highlighted important elements. Blue areas indicate that other learners highlighted unclear 
elements. We hypothesize that learners who cannot take notes would be aided by assuming that 
the notes many were taking were correct and providing them with visualization on their tablets in 
class. 
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Figure 1. NoTAS composition and visualization interface 

 
Methods 

 
Procedure 
 

We recruited undergraduate and graduate students enrolled in a science university in 
Japan and the participate in this research were 40 students (24 males, 16 females; mean age of 
22.5 years). We also divided into experimental and control groups. We conducted this study in 
October 2021 and May 2022. 

First, the participants listened to a description of the research and signed a consent form. 
Then, they answerd a pre-questionnaire using Google Forms. In addition, we also distribute them 
an iPad 6th and a tablet pen. They practiced using NoTAS. The experimental group took the class 
using the NoTAS visualization, and the control group took the class without it. The class content 
comprised four instructional design theories. Each content was eight minutes. The teacher 
displayed the class materials that had been distributed to the learners on the screen, wrote on the 
board and explained. Learners watched the class video using a projector because there was no 
difference in the contents between two groups. 

Furthermore, five collaborators (who were not participants) wrote what the teacher 
wanted the learners to write following the class progress. This is because if none of the learners 
wrote, no visualization would have appeared, and we could not have evaluated the visualization 
effectiveness. Thus, the collaborators wrote notes and highlights to intervened with the learners. 
Finally, the learners answered a post-questionnaire survey. 
 
Data Collection 
 
Sense of Classroom Community Index 
 

We quoted 15 items related to community awareness for Sense of Classroom Community 
Index (SCCI; Rovai, 2002). We have partially rewritten the text to be more consistent with the 
purpose of this study. Moreover, we created and added 3 original items about others’ note-taking. 
We asked all items using a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree). 
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Nudge Scale 
 

We created 22 items for a Nudge Scale. This scale consisted of three visualization types: 
six items for the visualization of others’ notes, four for the visualization of others’ important 
elements, and four for the visualization of unclear elements. Finally, we asked eight items about 
their impressions of NoTAS visualization. These items were answered only by the experimental 
group on a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree). 
 
Note-taking Log 
 

We collected the note-taking log of each learner using NoTAS. NoTAS can save what 
learners write when learners write or delete notes and highlights in class material. Based on this 
log, we scored one point for each description the teacher wanted learners to write on class 
material. The description types are transcribing, important highlights, unclear highlights, notes, 
and symbols. 
 
Guidelines for Analysis 
 

Firstly, we compared the results of the two groups SCCI to investigate RQ1, “Does the 
visualization of others’ note-taking support learners’ sense of classroom community during note-
taking?” We used SCCI as a measure to improve their sense of classroom community. Next, we 
compared the amount of note-taking between the two groups to investigate RQ2, “Does the 
visualization of others’ note-taking increase the amount of writing?” Finally, we compared the 
median of the visual group’s nudge scale with the 3.00 because we asked only the experimental 
group for the nudge scale. We also investigated RQ3, “Does the visualization of others’ note-
taking contribute to using in-class learning strategies?” 
 

Results 
 

In total, 40 participants answered the three questionnaires. They were undergraduate and 
graduate students. The 22 learners in the experimental group who used the NoTAS visualization 
were 13 males and nine females with an average age of 22.3 years. The 18 learners in the control 
group who did not use the NoTAS visualization were 11males and seven females with an 
average age of 22.7 years. 

In our pre-questionnaire, we asked the learners, “Have you ever used a tablet device (iPad 
and Chromebook) and a tablet pen for note-taking in a class?” A chi-square test of the two 
groups’ experiences with note-taking using tablets reveal no significant differences (χ2 (1) = 
0.00, p = .97, φ = .01). Furthermore, the results of the post-questionnaire show that all learners 
had not learned the content of this lesson. 
 
Sense of Classroom Community 
 

A Shapiro-Wilk test results show that all items of the SCCI were not normal. Table 1 
shows the results of Mann-Whitney U test for the sense of classroom community scores. The 
index was reliable, with a Cronbach’s alpha of 0.88. The experimental group were denoted as 
“Visual” while the control group were denoted as “Non-visual.” In addition, (R) is a reverse item, 
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and we conducted the reversal process when analyzing the data. Therefore, a higher mean score 
for the item (R) indicates a better result. The results showed significantly difference for 11 items 
and a marginally significant difference for one item. For all items, the mean scores of the visual 
group were higher than those of the non-visual group. 
 

Table 1. Sense of classroom community comparison 

Item Visual Non-visual M1-
M2 

U r M1 SD1 M2 SD2 

1. I felt that learners in this class cared about 
each other. 

2.50 1.34 1.89 1.28 0.61 143.00 0.28 

2. I felt that I was encouraged to ask questions. 2.59 1.14 2.22 1.00 0.37 160.50 0.19 
3. I felt uneasy exposing gaps in my 

understanding. (R) 
3.82 1.40 3.50 1.43 0.32 174.50 0.12 

4. I felt connected to others in this class. 3.95 1.09 1.11 0.32 2.84 3.00 *** 0.98 
5. I did not feel a spirit of community. (R) 3.45 1.26 1.61 0.78 1.84 48.00 *** 0.76 
6. I felt that this class resulted in only modest 

learning because of using NoTAS. (R) 
3.68 1.29 3.11 1.37 0.57 150.50 0.24 

7. I felt that I received timely feedback on my 
notes and highlights in this class. 

3.36 1.18 2.00 0.84 1.36 76.00 *** 0.62 

8. I trusted others in this class. 2.95 1.29 2.67 1.14 0.28 175.00 0.12 
9. I felt isolated in this class. (R) 4.32 1.00 2.94 1.16 1.38 75.50 *** 0.62 

10. I felt that I could rely on others in this class. 3.36 1.18 1.44 0.71 1.92 41.00 *** 0.79 
11. I felt that other learners did not help me learn 

in this class. (R) 
3.95 0.90 2.72 1.23 1.23 88.00 ** 0.56 

12. I felt that members of this class depended on 
me. 

1.73 0.88 1.22 0.55 0.51 131.00 * 0.34 

13. I could feel how the other learners were 
listening to the teacher’s explanation in this 
class. 

4.23 1.11 2.50 1.30 1.73 63.00 *** 0.68 

14. I felt uncertain about others in this class. (R) 3.59 1.26 2.78 1.40 0.81 132.50 † 0.33 
15. I found that the other learners were taking 

notes very hard. 
4.55 0.60 3.67 1.03 0.88 99.00 ** 0.50 

16. I felt confident that others would support me. 2.91 1.11 1.61 0.85 1.30 74.00 *** 0.63 
17. I felt that I had enough opportunity to learn 

how to take notes in this class. 
3.18 1.22 3.06 1.16 0.12 182.00 0.08 

18. I was curious about others’ note-taking 
behavior. 

4.05 1.33 2.83 1.43 1.22 88.00 ** 0.56 

Visual: n =22, Non-visual: n = 18 
(R): Reverse score, 5-point Likert scale 

†p < .100, *p < .050, **p < .010, ***p < .001 

 
Note-taking Log 
 

We conducted a Shapiro–Wilk test on each item to check for normality. The results 
indicated no normality of the distribution. Thus, we chose to use a Mann–Whitney U test. Table 
2 shows the Mann–Whitney U test results for the amount of writing. We compare the amount of 
description that the teacher wanted the learners to write between the two groups. The description 
type and the number of units set by the teacher are eight transcribing, 20 notes, 16 important 
highlights, four unclear highlights, and 16 symbols. The amount of writing was higher in the 
visualization group, but not significantly. 
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Table 2. Comparison of the amount of writing 

Type of description Visual Non-visual M1-M2 U r M1 SD1 M2 SD2 

1. Transcribing 6.68 1.89 6.56 1.15 0.13  158.00 0.20 
2. Notes 4.46 4.07 3.67 2.47 0.79  192.00 0.03 
3. Important Highlight 8.27 4.49 7.11 3.38 1.16  164.00 0.17 
4. Unclear Highlight 0.32 0.65 0.33 0.49 -0.02  183.00 0.07 
5. Symbol 2.41 2.44 2.17 1.92 0.24  194.00 0.02 
6. Total Score 22.14 9.97 19.83 6.24 2.30  176.00 0.11 

Visual: n =22, Non-visual: n = 18  
 
Nudge Scale 
 

We asked only the visual group for the nudge scale. We conducted a Shapiro–Wilk test 
on each item to check for normality. The results indicated no normality of the distribution. Thus, 
we chose to use a One-Sample Signed Rank Test and compared the median of the visual group 
with the 3.00. Table 3 shows the One-Sample Signed Rank Test results for the nudge scale. The 
index was reliable, with a Cronbach’s alpha of 0.95. (R) is a reverse item, and we conducted the 
reversal process when analyzing the data. Therefore, a higher mean score for the item (R) 
indicates a better result. The results showed significantly difference for three items related to 
visualizing others’ unclear elements. The median of No.11 and 13 was significantly lower than 
3.00, and the median of No.12 was significantly higher than 3.00. 
 

Discussion 
 
Does the visualization support learners’ sense of classroom community during note-taking? 

 
Learners felt connected to and rely on others in this class. They also felt a spirit of 

community and isolated during class. Therefore, Learners felt trust and connected to other 
learners in class using NoTAS visualization. Furthermore, learners felt that they received 
sequential feedback on their notes and highlights in this class. We suggest that when NoTAS 
visualized others’ notes and important / unclear elements, learners use the visualized information 
to guide their note-taking and reading of class materials. In addition, learners felt that “other 
learners help me in the class” and they felt confident that others would support them. These 
results suggest that learners felt that other learners helped them to write notes and highlights on 
class materials using NoTAS visualization in class. The mean of the item “I felt that members of 
this class depended on me” was also significantly higher in the experimental group. However, we 
did not find that they felt much relied upon by the other learners because the mean was very low, 
1.73. One reason for this could be that the visualization was anonymous. Since NoTAS did not 
share who was writing in real time, they probably did not feel that others were referring to their 
writing. However, we believe this is a reasonable outcome because nudges include a normative 
sense of being naturally guided by others’ actions. Finally, learners found that the other learners 
were taking notes and listening to the teacher’s explanation in the class. Thus, learners could 
watch the others’ note-taking and learning by the visualization. 
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Table 3. Note-taking factors   
M SD M-3.00 W r 

1. When others’ notes were visualized in red, I thought to 
write notes myself. 3.14 1.39 0.14 117.00  0.08 

2. When others’ notes were visualized in red, I thought 
about listening to the explanation. 3.23 1.48 0.23 122.00  0.04 

3. When others’ notes were visualized in red, I was curious 
about what others were writing. 3.55 1.50 0.55 156.00  0.23 

4. When others’ notes were visualized in red, I thought to 
draw symbols such as arrows and enclosures myself. 2.77 1.48 -0.23 84.00  0.34 

5. When others’ notes were visualized in red, It was 
helpful for me to write notes and highlight myself. 3.14 1.36 0.14 93.00  0.26 

6. When others’ notes were visualized in red, I thought of 
drawing figures and tables myself. 2.77 1.31 -0.23 75.00  0.41 

7. When others’ important elements were visualized in 
yellow, I thought to highlight myself. 3.45 1.54 0.45 145.50  0.15 

8. When others’ important elements were visualized in 
yellow, I was curious about what others were writing. 3.27 1.35 0.27 88.50  0.30 

9. When others’ important elements were visualized in 
yellow, I thought about listening to the explanation. 3.14 1.39 0.14 114.00  0.10 

10. When others’ important elements were visualized in 
yellow, It was helpful for me to write notes and 
highlight myself. 

3.41 1.26 0.41 129.00  0.02 

11. When others’ unclear elements were visualized in blue, 
I thought to highlight myself. 2.27 1.12 -0.73 25.00 * 0.80 

12. When others’ unclear elements were visualized in blue, 
I was curious about what others were writing. 3.82 1.01 0.82 151.50 ** 0.20 

13. When others’ unclear elements were visualized in blue, 
I thought about listening to the explanation. 1.77 0.92 -1.23 4.00 *** 0.97 

14. When others’ unclear elements were visualized in blue, 
It was helpful for me to write notes and highlight 
myself. 

3.14 1.39 0.14 117.00  0.08 

15. The visualization made it easier to take notes on the 
teacher’s explanations. 3.33 1.68 0.33  62.00  0.03 

16. The visualization made it easier to understand the 
teacher’s explanation. 3.27 1.71 0.27  69.00  0.15 

17. I felt more confident when others’ writings appeared in 
the same position as mine. 2.87 1.36 -0.13  45.50  0.24 

18. I felt more confident when I saw others’ writing 
simultaneously with mine. 2.73 1.39 -0.27  33.50  0.44 

19. I felt impatient when I saw other students’ writing 
simultaneously with mine. (R) 2.87 1.51 -0.13  59.50  0.01 

20. I could quickly judge the parts of the class material I did 
not understand using the visualization. 3.20 1.82 0.20  58.00  0.03 

21. I felt impatient when others’ writings appeared in a 
position where I had not written. (R) 3.27 1.49 0.27  43.50  0.28 

22. I could quickly judge whether the class material parts 
were important using the visualization. 3.53 1.64 0.53  76.00  0.27 

n = 22, (R): Reverse score, 5-point Likert scale † p <.100, **p < .010 
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However, the non-visualization group had lower scores on many items. Thus, it is 
difficult to promote a sense of classroom community simply by taking face-to-face classes, even 
if the learners are physically close to each other. 
 
Does the visualization increase the amount of writing? 
 

The note-taking logs revealed that learner did not significantly differ in the amount of 
transcription, notes, important / unclear highlights, or symbols they wrote when using the 
visualization. Mueller and Öppenheimer (2016) indicated that writing down explanations is a 
learning behavior with a high cognitive load because it requires selecting and summarizing the 
necessary information. In the NoTAS visualization, we considered that the learners could not 
write notes because they could not see what others had written. Furthermore, college students 
may have their note-taking methods based on their past experiences and are less susceptible to 
change due to visualization. We suppose that this is because this study was a short-term 
experiment. This result suggests that learners learn more about note-taking by using the NoTAS 
visualization in the long term. 
 
Does the visualization contribute to using in-class learning strategies? 
 

In Nudge’s scale, we found significant differences only in the item related to visualizing 
others’ unclear elements. When visualizing others’ unclear elements, they considered why others 
drew them. Therefore, learners could judge whether they understand better by visualizing the 
unclear part than by writing notes or highlights. It is also possible, although not significant, that 
learners use the visualization of the important parts as a reference for their notes and highlights. 
Furthermore, we suggested that visualizing others’ notes may have triggered the learners to think 
about what other learners wrote. The NoTAS visualization seems to have encouraged the 
learners to pay attention to the teacher’s explanation and to look at the class materials. Thus, 
NoTAS visualization can be a trigger for improving learners’ in-class behavior. In the future, we 
will investigate the influence of each type of visualization (notes, important elements, and 
unknown elements) on learning behavior based on the correlation between the Nudge scale and 
the SCCI items related to helping others. 
 

Acknowledgments 
 

This work was supported by JSPS KAKENHI Grant Number JP21K2866, JP22K287. 
 

References 
 
Avval, F. Z., Jarahi, L., Ghazvini,K. and Youssefi, M. (2013) Distribution of Handouts in 

Undergraduate Class to Create More Effective Educational Environment. International 
Journal of Education and Research, 1(12)：1-6 

Bannert, M., Reimann, P., & Sonnenberg, C. (2014). Process mining techniques for analysing 
patterns and strategies in students’ self-regulated learning. Metacognition and Learning, 
9(2), 161–185 

198



Chen, L., Lu, M., Goda, Y., Shimada, A., & Yamada, M. (2020). Factors of the use of learning 
analytics dashboard that affect metacognition. In Proceedings of 17th International 
Conference Cognition and Exploratory Learning in Digital Age, pp. 295-302 

Di Vesta, F. J. and Gray, G. S. (1972) Listening and note taking. Journal of Educational 
Psychology, 63(1), 8-14 

Kondo, T., Yokoyama, K., Misono, T., Inaba, R., & Watanabe, Y. (2021). Effectiveness of an 
Interface That Facilitates Nudge to Improve Note-Taking Strategies. International 
Conference for Media in Education 2021 Conference Program and Proceedings, 165-166 

Lannone, P., Miller, D. (2019) Guided notes for university mathematics and their impact on 
students’ note-taking behaviour. Educational Studies Mathematics, 101：387-404 

Ministry of Education, Culture, Sports, Science, and Technology (2020) Realizing the GIGA 
School concept. https://www.mext.go.jp/a_menu/other/index_00001.htm (accessed by 
2022.10.20) (In Japanese) 

Morehead, K., Dunlosky, J., Rawson, K. A., Blasiman, R., & Hollis, R. B. (2019) Note-taking 
habits of 21st century college students: implications for student learning, memory, and 
achievement. Memory, 27(6)：807-819 

Mueller, P. A. and Öppenheimer, D. M. (2016) Technology and note-taking in the classroom, 
boardroom, hospital room, and courtroom. Trends in Neuroscience and Education, 5(3)：
139-145 

Nilson, L. B. (2013) Creating self-regulated learners, Virginia, Stylus publishing. 
OECD (2018) OECD Learning Compass 2030. http://www.oecd.org/education/2030-project 

/teaching-and-learning/learning/learning-compass2030/OECD_LEARNING_COMPASS 
_2030_Concept_note_Japanese.pdf (in Japanese) 

Özcakmak, H. and Sarigöz, O. (2019) Evaluation of Turkish teacher candidates’ perception of 
note taking concept, Educational Research and Reviews,14：78-86 

Rovai, A. P. (2002). Development of an instrument to measure classroom community. Internet 
and Higher Education, 5(3), 197–211 

Thaler, R. H, and Sunstein, C. R. (2009) Nudge: Improving Decisions about Health, UK, Wealth, 
and Happiness． 

Usher, E. L. and Schunk, D. H. (2018) Social Cognitive Theoretical Perspective of Self-
Regulation, In B. J. Zimmerman and D. H. Schunk (Eds.) Handbook of Self-Regulation 
of Learning and Performance, New York: Taylor & Francis Group：19-35 

Weijers, R. J., de Koning, B. B., & Paas, F. (2020). Nudging in education: From theory towards 
guidelines for successful implementation. European Journal of Psychology of Education. 

199




