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Abstract—Comics have been used as an alternative tool to improve student 
learning outcomes during the pandemic, but not yet for junior high school sci-
ence learning. The study aims to explore the impact of digital comics in online 
learning during the COVID-19 pandemic on students’ cognitive learning out-
comes (CLO). A quasi-experimental research design was used in the study. 
A total of 42 eighth-grade students participated in the current study. They were 
randomly assigned to two conditions. The first condition was online learning 
assisted by digital comic media. The second condition was non-comic online 
learning. A multiple-choice test developed by the researchers was used to mea-
sure students’ CLO. Although the number of participants is limited, an indepen-
dent samples t-test was used to analyze the data because the data was normally 
distributed. The results show that students’ CLO differs significantly between 
comic and non-comic assisted online learning in favor of comic assisted online 
learning conditions. The possible reasons behind the findings were discussed. 
As a conclusion, several suggestions for researchers and teachers were offered.
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1	 Introduction

Since the last year to the present, the coronavirus disease (henceforth COVID-19) 
pandemic has been shackling the world. Education is not excluded from the impact 
of this pandemic. The shift in learning from face-to-face to online learning happened 
rapidly. Another problem caused by the COVID-19 pandemic is that the learning envi-
ronment changed into distance learning such as online learning [1]. Teachers and stu-
dents changed the way they teach and learn to online learning [2]. Teachers should use 
feasible learning strategies to enable their students to learn well. It is obvious that the 
learning method used must be in harmony with existing conditions. In the COVID-19 
pandemic, teachers teach from home, while the students receive materials from their 
homes as well. The delivery of learning material is assisted by technology.

Many problems emerge during the pandemic. The COVID-19 pandemic has a dev-
astating impact on student learning achievement [3]. During the pandemic era, students 
experienced a decline in learning in science [4]; students do not do homework [5], 
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and they have difficulty understanding science concepts [6]. Researchers highlight that 
using digital technology during learning can help students revive their interest in sci-
ence and make them motivated and gain learning experiences.

Although it is possible to reach studies that have investigated the impacts of comics 
in online learning in the COVID-19 pandemic era, it is difficult to find such studies 
done especially for science education. For example, [7] designed digital science com-
ics to overcome teacher difficulties during online learning. They found that the comics 
created valid and feasible supports for students’ literacy skills. Other researchers used 
comics during a pandemic as a tool for health communication [8]. They found that com-
ics can reduce misinformation about the coronavirus but that there is no accurate data 
that shows an increase in the knowledge of respondents who use comics.

The latest publication in 2021 by [9] tested comics with a scientific approach and 
received positive responses from students. Finally, a single class experiment was 
conducted by [10] using digital comics for social science learning in the pandemic era. 
They found that digital comics influenced student learning success positively. On the 
other hand, their qualitative data findings showed that students were unable to commu-
nicate well with their teachers.

The decline in student achievement in science education must be overcome. 
To overcome this decline, teachers are the main innovators. If the teachers do not deal 
with it immediately, then the quality of the students will decline. This condition should 
not occur. During the COVID-19 pandemic, online learning must be supported by inno-
vations to facilitate students in online learning. Indeed, technology has been widely 
used, for example, in the digital comic to support online learning. However, its effec-
tiveness in optimizing science learning in junior high schools during the pandemic 
has not been widely carried out. The learning resources accompany students during 
their online learning. With the internet, students can access various information. Even 
though many references are available online, teachers must provide knowledge for their 
students, especially in extreme conditions such as the COVID-19 pandemic [11].

This study aims to explore the impact of digital comic media during the COVID-19 
pandemic on the students’ CLO concerning the science-related domain. The CLO of 
students who learned through digital comics will be compared to the CLO of students 
who learned without digital comics.

2	 Literature review

Online learning environments provide a breadth of educational possibilities not 
accessible by traditional face-to-face learning and teaching [12]. Due to the COVID-19, 
education is rapidly pushed to online learning, and schools are being closed (off-limit) 
[13]. Another researcher [14] implemented online learning platforms and digital media 
to replace conventional teaching with online teaching during the COVID-19 pandemic. 
Online learning improves teaching efficiency and offers a more diverse learning expe-
rience regardless of time, space, and location [15]. Teachers must switch their teaching 
to online teaching. This teaching requires the teachers to use various digital resources 
for resolving problems and implementing online learning.

Several researchers have presented their studies on the impact of the shift from face-
to-face learning to online learning [16]–[18]. Some of the things they found about this 
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shift in education were that teachers tried to provide effective teaching even though 
teaching moved to online schools. Digital media has poorly contributed to student 
activities during the lockdown [19]. The students’ pleasure and familiarity with technol-
ogy also affect their learning process in online education environments [20]. Students 
lose the opportunity to learn, such as reading. The progress of children learning online 
has decreased even more by more than 50% [21]. Learning resources provided by the 
teacher can be in the form of reading materials when they use digital comics. The 
reading materials must contain accurate and correct information—for example, comic 
learning media. In 2020 when the pandemic began, a review of the change from printed 
comics to digital comics was carried out [22]. Researchers found that digital comics 
have potential because the source material is taken from books, in a simple form, learn-
ing is more interactive and improves student memory.

 In an online learning environment, teachers teach less than when they teach face-to-
face, students receive fewer lessons, the quality of teaching is low, and student partici-
pation in online schools decreases drastically [23]. Several accessible learning resources 
are available online, but only children from well-off families can access them. Here we 
need learning resources that all levels of students can access. Digital learning resources 
that can be accessed at no cost. Education provides access according to the needs of 
students because the impact of the pandemic causes student achievement to fall. Parents 
of students look for online learning resources to keep their children learning.

Online learning during the lockdown due to the pandemic has indeed caused quite 
a stir for students. It is reported to negatively impact students because student learning 
time is reduced by 3.8 hours (reduced by more than half of the learning time per day, 
which is 7.4 hours) every day during the pandemic [24]. Online learning is an alterna-
tive during the COVID-19 pandemic. Interested or not, online learning must be carried 
out. Of course, this learning must be supported by appropriate learning sources, for 
example, digital learning sources.

Many digital learning sources are available, but not all teachers and students can 
access the resources. Teachers also find their access to school-provided offline learn-
ing materials limited during the lockdown. Digital learning sources are the alternative. 
Digital learning resources can be accessed online as long as students are at home [25]. 
Of course, digital devices such as mobile devices are needed [26]. Digital comic media 
is the comic media in the future [27]. Digital comics are very similar to printed comics 
but are distributed exclusively through digital platforms [28]. Digital comics can be a 
source of learning for students during a pandemic. Students can use it to gain scientific 
knowledge.

 Research findings by [29] revealed that with the existence of comics where ref-
erence readings become crowded, students’ reading skills are empowered, and they 
sincerely come to read. The findings of this study also indicate that comic books can 
serve as a motivational reading tool, especially useful in helping their students learn 
about history and science subjects. Although controversial, comics remain a popular 
source of reading material for students.

Reviewing comics from various aspects has been done by [30]. They reveal that 
comics have taken different forms over time, but some researchers use them in tradi-
tional ways (e.g., printed comics in face-to-face learning). Comics present a form of 
accuracy that links visual and textual, minimizing risk; even comics can be considered 
to carry negative and racist connotations if one is wrong in their creation. When reading 
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their reviews, one thing that caught our attention was that comics were created to com-
municate a process, be it mechanical, scientific, or otherwise. The reason that comics 
are used as a communication tool is sequential narrative. It is displayed in a bubble 
panel in which events combine various events into a story panel. Regarding science 
learning, many scientific processes must be told to students, such as food digestion. The 
pandemic situation caused this scientific story not to be delivered directly to students. 
This scientific story can be packaged in the form of a narrative that presents a cartoon 
to attract students’ attention to read it. Comics are made in a digital form to improve 
student access.

Comics have been widely used in science education. The comic is an exciting 
medium for communicating scientific information. A concept could develop through 
a series of panels that combine images and text to create a graphic narrative [8]. Com-
ics come in various forms, for example, the digital form [31]. A comic is an exciting 
tool for increasing interaction with science [32]. Presenting science in the comic form 
helps reach new and broader audiences and a new way to transfer scientific topics [33]. 
Teachers can consider the use of comics to explore their students’ knowledge.

Comics help teachers to explain abstract concepts in science. Abstract concepts are 
not easy to teach. If the teacher only tells stories without showing them in real terms, 
students will have some misconceptions. Comics are powerful tools for educators to 
teach challenging science topics quickly, relevant, and efficiently to clarify abstract sci-
ence concepts to students [34] and prevent students’ misconceptions [35]. Indeed, there 
is a lot of scientific information obtained from the internet, but the teacher’s control is 
needed. Taking information freely online without teacher guidance leads to the inac-
curacy of the information received by students. Comics are a great learning resource. 
The teacher has checked the material content validity of the comic to use it.

[36] stated that students have various abilities in reading and understanding the infor-
mation they get. The researcher used comics from a website to find out how students 
can remember and understand the text in a reading. This researcher found that students 
who read comics had a higher comprehension ability than students who had never read 
comics. Students who are experienced with comics are able to decipher the information 
contained in comics. Based on this researcher’s findings, it is vital to provide students 
with the experience of reading comics. Students will become learners who are able to 
understand the contents of the reading. For school students, understanding the content 
of reading well prevents them from making mistakes. Science teaches facts in the form 
of phenomena that students must find solutions for. They get it from reading activi-
ties. Misreading causes errors in the solutions offered. This condition causes student 
learning achievement to decline because they are not able to provide the right solution. 
These student problems can be minimized by providing experiences to students through 
reading science information through comics.

The group of junior high school students experienced an increase in information 
understanding when researchers used comics [37]. The evaluation results show that 
students are able to know the risks that will occur, are able to get more information, 
and are able to make decisions when a document is transformed into a comic form 
compared to its original form. Here an idea can be taken, namely changing scientific 
information contained in ordinary books (textbooks) into comics. Students who have 
difficulty understanding scientific information can be overcome by using comics.
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Students are encouraged to learn about science through comics created to convey a 
topic in science education. These comics may be used to convey scientific understand-
ing [38]. Bringing technology to students by using it to make students like and enjoy 
the topic of learning [39]. Students can use comics in PDF files to study the anatomy 
of the human body because it contains content that is easy and easy for children [40]. 
Researchers use a homepage containing information on the anatomy of the human body 
that functions as a library. When accessed, it can increase the knowledge of the audi-
ence who reads it. In their research, cartoons that are included in the reading only fill 
part of the story. Thus, the use of comics is an appropriate strategy. Student perfor-
mance can develop well, especially student CLO. The use of digital material can be 
done using a control class [41]. In this research, the use of comics in online learning is 
compared to the results of online classes without comics. A classroom without comics 
is a control in the effectiveness of comics to strengthen students’ CLO.

3	 Method

3.1	 Research design

This research is an experimental research. This research used two classes: one exper-
imental class (XG) and one control class (CG). XG is a class with the application of 
comics to online learning during the COVID-19 pandemic. CG is a class without the 
application of comics to online learning during the COVID-19 pandemic. A pre-test 
and post-test design were used. The pre-test of cognitive learning outcomes (henceforth 
Pre-CLO) was obtained before the learning process, while the post-test of cognitive 
learning outcomes (henceforth post-CLO) was obtained after the learning process.

3.2	 Sample

The population in this study were students who attended one of the Private Junior 
High Schools (PHJS). They were eighth grade (VIII). They were randomly selected to 
be the XG and CG. There are 21 students in XG and 21 students in CG. All of them are 
then involved in the online learning process.

3.3	 Design of comics

The comic used was the comic for junior high school students. The comic was 
designed in the form of a digital comic version. The comic consisted of 25 pages, 
including the front and back covers. The comic used was the result of development [42]. 
However, the comic that had been developed by previous researchers was a printed 
version. In the current research, the comic was turned into a digital comic (hence-
forth d-comic). A change was made in the cover design that was made more attractive. 
In addition, there were changes made to several images related to biological content. 
The comic storyline was created first. The character in the comic was then determined. 
Comics are drawn by hand in advance. This process is where the sketch forms. After 
making the comic storyline matches the images created, then the comic was designed 
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by using CorelDraw and colored. Then story balloons were added as a space to place 
the dialogue. The d-comic design is presented in Figure 1. The comics were sent to the 
students in pdf format through the online messaging program (WhatsApp).

a b c
Fig. 1. (a) Front cover of d-comics; (b) and (c) content dialogue of d-comics

3.4	 Instruments and procedure

The measuring instrument used was a multiple-choice test. The number of tests was 
ten items. The test is designed based on learning objectives. The multiple-choice test 
used had been reviewed by experts and obtained a score of 86% (valid). The percentage 
obtained indicates that the test is feasible to use. Two tests were given: before the learn-
ing process (pre-CLO) and after finishing the learning process (post-CLO). The same 
tests were used for pre-test and post-test. The scope of the test was the human digestive 
system material with four learning objectives. The comics media was made in a digital 
version. The digital comic was shared through the group’s WhatsApp. The students 
downloaded the digital comic so that the comic was stored on their mobile devices. The 
online learning was done by using a video conference application. The implementation 
of tests in the XG and CG classes was done by using Google Forms.

3.5	 Data analysis

The data that is going to be analyzed is the student answer result on the test given. 
This data is called as students’ cognitive learning outcome (CLO). The analysis is done 
by calculating the score obtained by students. The score ranges from 0 to 100. The 
students’ CLO descriptive data are in the form of mean and standard deviation (SD). 
In addition, the n-gain for each group is also displayed. Gain is said to be high if it gets 
a value > 0.7; 0.30 < value < 0.7 is said to be moderate, and in other lower conditions, 
it is said to below. Students’ CLO data are analyzed using the independent t-test (It is 
parametric analysis). Calculation of normality using the Kolmogorov Smirnov test and 
homogeneity using the Levene test. SPSS 20 for windows is the application for calcu-
lating the data.
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4	 Results

This research focuses on the effects of digital comics in online learning during 
the COVID-19 pandemic on students’ cognitive learning outcomes (CLO). Students’ 
interest in the learning process during a pandemic requires the teachers to be creative 
in creating a good learning process. In this research, the digital comic applied in the 
learning process provides optimal results for increasing students’ CLO. Table 1 shows 
the mean and SD (standard deviation) of the CLO data of students.

Table 1. Description of the mean and standard deviation (SD) of CLO

Group N
Pre-CLO Post-CLO

Mean SD Min. Max. Mean SD Min. Max.

XG 21 39.05 20.71 10 80 79.52 16.27 50 100

CG 21 33.81 19.10 10 70 46.67 18.80 10 90

Table 1 shows that the two groups’ pre-test data were different, with a score dif-
ference of 5.24. This difference seems so small. On the other hand, the two classes’ 
post-test scores (groups) show a huge difference. The score difference is 32.85. These 
findings reveal that there is a difference in the score of CLO between these two groups. 
The significant difference between the pre-test and post-test data from CLO in these 
two groups is analyzed by t-test (see Table 3). But before that, the N-gain data for both 
groups (Figure 2), and the CLO attainment of each student (Figure 3) are shown.

0

0.2

0.4

0.6

0.8

N-gain

0.7

0.19

XG CG

Fig. 2. N-gain comparison of XG and CG

Figure 2 proves a difference in the increase in students’ CLO after the learning pro-
cess. The N-gain of the control group is less than 0.30. More precisely, the N-gain is 
only 0.19. The N-gain value revealed that the increase in CLO of students in online 
learning without comics was low. In contrast, the N-gain value of the experimental 
group reaches 0.70. It proves that the increase in CLO of students in online learn-
ing using comics is high. Figure 3 shows the CLO achievement of the students in 
both groups.
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Fig. 3. Achievement of CLO for each student in both groups

Figure 3 presents the difference in each student’s CLO achievement in both X and 
C groups. As many as 19 students achieved a score of less than 70 (90.48%) in the C 
group. This fact proves the low CLO achievement of students in online learning with-
out using comics. Only 2 (9.52%) students achieved a score of more than 60. Other 
facts are summarized in Figure 3. Meanwhile, in the online learning group that uses 
comics (X group), there are only 5 (23.81%) students with a score of less than 70. It 
means that 16 (76.19%) students achieve a score of more than 70. Here, it is proven 
that students will achieve better CLO when doing online learning that uses d-comic as 
learning resources. Before the t-test, data normality and data homogeneity are required. 
Table 2 presents the result data for these two conditions.

Table 2. Normality and homogeneity data of CLO

Data
Normality Homogeneity

Statistic df Sig. Levene 
statistic df1 df2 Sig.

Pre-CLO-X 0.154 21 0.200 0.315 1 40 0.578

Pre-CLO-C 0.135 21 0.200

Post-CLO-X 0.169 21 0.122 0.125 1 40 0.725

Post-CLO-C 0.144 21 0.200

The normality of the data in the pre-CLO of both X (Sig = 0.200 > 0.05) and C 
(Sig = 0.200 > 0.05) indicates a normal distribution. The homogeneity data also shows 
the same thing. The pre-CLO data is homogeneous (Sig = 0.578 > 0.05). Meanwhile, 
the normality of the post-CLO of both X (Sig = 0.122 > 0.05) and C (Sig = 0.200 
> 0.05) shows a normal distribution. Homogeneity test of post-CLO data indicates a 
homogeneity (Sig = 0.578 > 0.05). The results of the normality and homogeneity tests 
indicate that the t-test can be used.

40 http://www.i-jim.org



Paper—Digital Comics in Online Learning During COVID-19: Its Effect on Student Cognitive…

Table 3. Test for the difference of the mean of student CLO

Data t df Sig. Mean Difference

Pre-CLO 0.852 40 0.399 5.238

Post-CLO 6.056 40 0.000 31.857

Table 3 presents the difference between pre-CLO and post-CLO test results. 
The findings reveal that CLO between students was not significantly different in the 
beginning of the learning process. After the learning process took place, the students’ 
CLO experienced an increase. Post-CLO shows a significant difference between stu-
dents that learn with comics and without comics during the COVID-19 pandemic 
(Sig > 0.05).

5	 Discussion

This research confirms the improvement in students’ CLO in online learning during 
a pandemic using d-comics. The research findings prove that d-comic can help students 
in enhancing their CLO. The increase in student CLO when learning online during 
pandemic assisted by comics is higher than those without comics. These findings reveal 
that it is true that online learning during the pandemic caused students to experience a 
decline. This fact is shown by the low achievements of students post-CLO. The use of 
comics shows a different matter. Students’ CLO is getting better when learning with 
the help of comics. It is clear from the findings of this research that comics are an 
appropriate learning medium. It can solve students’ learning difficulties during a pan-
demic. Comics improve students’ science concepts [43] and provide benefits for learn-
ing during the COVID-19 pandemic [44].

On the other side, there are some studies contradict with the current study. Some 
research on offline learning observed the impact of using comics in the learning pro-
cess. Various results were obtained. Some researchers revealed that there was no 
difference in the increase in students’ knowledge. Both groups that use comics and 
non-comics experienced an increase in their knowledge [45], but not for male stu-
dents [46]. The increase in participants’ understanding of nanotechnology was associ-
ated with their increasingly positive attitude, but there was no significant difference in 
their understanding [47]. Other research showed that there was an impact of comics on 
students, but no control group was presented [48]. Another research by [49] revealed 
no difference in science students’ knowledge between comics and non-comics groups. 
Researchers [50] found differences in knowledge level between experimental and con-
trol group, but the learning outcomes were still low. They found that students remember 
too much of the material given. The increase was only 23.5% in experimental group 
and 12.3% in the control group. They used an electronic Cartoon slide show. Although 
the findings of some of those researches indicate that comics do not improve student 
achievement, this research has succeeded in improving student CLO.

We believe that well-designed comics can enhance student CLO. This is proved by 
the research results showing that the students’ CLO is good. Even better than non-comics 
group. The COVID-19 pandemic causes problems for Education. The compulsion to 
carry out online learning causes confusion for students and teachers. The quality of 
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students’ CLO deteriorates under these conditions. Comics in digital form is the alter-
native for learning during a pandemic. The decline in student achievement during the 
pandemic can be corrected. In this research, it is supported by the disclosure of the 
student’s achievements in the non-comics group (class). The low achievement in CLO 
is shown; even the increase in student CLO is low. It proves that the issue about the 
decline in student CLO due to a pandemic is correct. Our research suggests that the 
decline (deterioration) in student achievement can be handled. The use of comic media 
can enhance student CLO. There are also some other studies (e.g., [12], [51]). The 
comics were received positively by students who started learning with lower content 
knowledge and were also beneficial for students with intermediate achievement.

Science learning has many abstract concepts. A pandemic situation has made the 
students’ conditions for understanding abstract concepts worse. In science learning, 
comics are learning tools to concretize abstract concepts [52], [53]. In this research, the 
comic media contains scientific content, namely the human digestive system. Students 
cannot observe through direct practice in the school laboratory. Schools are closed due 
to physical restrictions. Through comics, students are able to learn human body anat-
omy [46], [54]. It is clear that students can learn the human digestive system through 
comics. They can observe human digestive anatomy in comics displayed on their 
mobile devices. The cartoon design in the comic attracts students to read and observe 
it. The cartoons in comics arouse students’ observation skills and creativity [55]. Obser-
vation skills are important because the students capture scientific information through 
their five senses. Students can remember scientific information if they look at the facts. 
It will last longer in their memories [56].

Pictures in comics help students build their cognitive abilities. Students with little 
knowledge will have their cognitive better when looking at pictures in learning [57]. 
Teaching with comic books expands the attractiveness of students in the learning phase. 
This research shows that students’ cognitive changes. The students’ cognitive is getting 
better. The high increase in student CLO indicates that the digital comics being used 
helped them learn during a pandemic. In the comic, the things presented are not only 
pictures. The digital comic being used is equipped with narratives or stories about how 
the digestive process occurs. The storytelling style of comics can aid in the compre-
hension of scientific material [51]. The scientific materials can be learned more easily 
by students due to the images and narratives in the comic that are easily understood.

The pictures shown in the design are in the form of cartoons. The pictures of humans 
and the human digestive organs are transformed into cartoons but still maintain the 
concept’s correctness. The cartoons in comic book illustrations arouse curiosity [58] 
and are appropriate during the COVID-19 pandemic [59]. Cognitive development is 
encouraged and heightened using comics [60]. The cartoon images and narration in 
word balloons in a comic guides students to understand science content. Students can 
see the human digestive organs’ visual images, enabling the images to be stored in their 
cognition. Student boredom when learning online can be overcome with the digital 
comics provided. Student cognitive is getting better. The measurement results at the 
end of the lesson show a good CLO of students. The comic becomes an appropri-
ate learning resource to improve students’ cognitive during a pandemic. The comic 
becomes a learning medium that can accompany students to study/learn from home.
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6	 Conclusion

This research concludes that d-comics have a significant effect on students’ cognitive 
learning outcomes (CLO) (sig. < 0.05). As many as 76.19% of the students achieved a 
good CLO. This achievement is better than students’ CLO in online learning during the 
COVID-19 pandemic without using d-comics. The increase in student CLO in online 
learning that uses comics is higher than those without a comic.

This research recommends that d-comics can be an alternative source of learning 
for students during the COVID-19 pandemic. Comics can improve student CLO. The 
decline in student CLO during the COVID-19 pandemic can be corrected by adding 
d-comics in teachers’ learning. This research is limited to digital comics in the form of 
pdf files. Further research may design a digital comic application. Further research can 
also examine the effects of digital comics on other variables such as critical thinking, 
learning motivation, and other variables.

7	 Acknowledgment

Thank you to the University of Papua for supporting the fee of publishing this article.

8	 References

	 [1]	D. Idnani, A. Kubadia, Y. Jain, and P. P. Churi, “Experience of conducting online test during 
COVID-19 lockdown: A case study of NMIMS University,” Int. J. Eng. Pedagog., vol. 11, 
no. 1, p. 49, Jan. 2021, doi: https://doi.org/10.3991/ijep.v11i1.15215

	 [2]	N. Tuaycharoen, “University-wide online learning during COVID-19: From policy to prac-
tice,” Int. J. Interact. Mob. Technol., vol. 15, no. 02, p. 38, 2021, doi: https://doi.org/10.3991/
ijim.v15i02.18143

	 [3]	N. Almusharraf and S. Khahro, “Students satisfaction with online Learning experiences 
during the COVID-19 pandemic,” Int. J. Emerg. Technol. Learn., vol. 15, no. 21, p. 246, 
Nov. 2020, doi: https://doi.org/10.3991/ijet.v15i21.15647

	 [4]	R. S. Alsarayreh, “Developing critical thinking skills towards biology course using two 
active learning strategies,” Cypriot J. Educ. Sci., vol. 16, no. 1, pp. 221–237, Feb. 2021, 
doi: https://doi.org/10.18844/cjes.v16i1.5521

	 [5]	S. Papadakis and M. Kalogiannakis, “Evaluating the effectiveness of a game-based learning 
approach in modifying students’ behavioural outcomes and competence, in an introductory 
programming course. A case study in Greece,” Int. J. Teach. Case Stud., vol. 10, no. 3, 
p. 235, 2019, doi: https://doi.org/10.1504/IJTCS.2019.102760

	 [6]	M. Kalogiannakis, S. Papadakis, and A.-I. Zourmpakis, “Gamification in science education. 
A systematic review of the literature,” Educ. Sci., vol. 11, no. 1, p. 22, Jan. 2021, doi: https://
doi.org/10.3390/educsci11010022

	 [7]	M. A. Riwanto and W. N. Budiarti, “Development of digital science comics for elementary 
school as a support for digital literacy in online learning,” in Proceedings of the 4th Inter-
national Conference on Learning Innovation and Quality Education, Sep. 2020, pp. 1–4, 
doi: https://doi.org/10.1145/3452144.3452221

iJIM ‒ Vol. 15, No. 19, 2021 43

https://doi.org/10.3991/ijep.v11i1.15215
https://doi.org/10.3991/ijim.v15i02.18143
https://doi.org/10.3991/ijim.v15i02.18143
https://doi.org/10.3991/ijet.v15i21.15647
https://doi.org/10.18844/cjes.v16i1.5521
https://doi.org/10.1504/IJTCS.2019.102760
https://doi.org/10.3390/educsci11010022
https://doi.org/10.3390/educsci11010022
https://doi.org/10.1145/3452144.3452221


Paper—Digital Comics in Online Learning During COVID-19: Its Effect on Student Cognitive…

	 [8]	C. Kearns and N. Kearns, “The role of comics in public health communication during 
the COVID-19 pandemic,” J. Vis. Commun. Med., vol. 43, no. 3, pp. 139–149, Jul. 2020, 
doi: https://doi.org/10.1080/17453054.2020.1761248

	 [9]	Baharuddin, A. Halimah, I. Nurjannah, Suharti, and A. Sriyanti, “Development of comic 
media based on scientific approach to time measurement material,” Auladuna J. Pendi-
dik. Dasar Islam, vol. 8, no. 1, pp. 121–128, 2021, doi: https://doi.org/10.24252/auladuna.
v8i1a10.2021

	[10]	G. O. İlhan, G. Kaba, and M. Sin, “Usage of digital comics in distance learning during 
COVID-19,” Int. J. Soc. Educ. Sci., vol. 3, no. 1, pp. 161–179, Jan. 2021, doi: https://doi.
org/10.46328/ijonses.106

	[11] 	T. Y. Polyakova, “Engineering pedagogy: on the way to ‘Education 4.0,’” Int. J. Eng. Peda-
gog., vol. 10, no. 4, p. 4, Jul. 2020, doi: https://doi.org/10.3991/ijep.v10i4.15021

	[12]	S. Kalyuga and T.-C. Liu, “Guest editorial: Managing cognitive load in technology-based 
learning environments,” J. Educ. Technol. Soc., vol. 18, no. 4, pp. 1–8, 2015.

	[13]	J. König, D. J. Jäger-Biela, and N. Glutsch, “Adapting to online teaching during COVID-19 
school closure: teacher education and teacher competence effects among early career teach-
ers in Germany,” Eur. J. Teach. Educ., vol. 43, no. 4, pp. 608–622, Aug. 2020, doi: https://
doi.org/10.1080/02619768.2020.1809650

	[14]	R. M. Tawafak et al., “Impact of Technologies During COVID-19 Pandemic for Improving 
Behavior Intention to Use E-learning,” Int. J. Interact. Mob. Technol., vol. 15, no. 01, p. 184, 
Jan. 2021, doi: https://doi.org/10.3991/ijim.v15i01.17847

	[15]	L.-T. Lee and J. C. Hung, “Effects of blended e-Learning: a case study in higher educa-
tion tax learning setting,” Human-centric Comput. Inf. Sci., vol. 5, no. 1, pp. 1–15, 2015, 
doi: https://doi.org/10.1186/s13673-015-0024-3

	[16]	M. Kuhfeld, J. Soland, B. Tarasawa, A. Johnson, E. Ruzek, and J. Liu, “Projecting the poten-
tial impact of COVID-19 school closures on academic achievement,” Educ. Res., vol. 49, 
no. 8, pp. 549–565, Nov. 2020, doi: https://doi.org/10.3102/0013189X20965918

	[17]	A. Bacher-Hicks, J. Goodman, and C. Mulhern, “Inequality in household adaptation to 
schooling shocks: Covid-induced online learning engagement in real time,” J. Public Econ., 
vol. 193, p. 104345, Jan. 2021, doi: https://doi.org/10.1016/j.jpubeco.2020.104345

	[18]	R. Chetty, J. N. Friedman, N. Hendren, M. Stepner, and others, “Real-time economics: A 
new platform to track the impacts of COVID-19 on people, businesses, and communities 
using private sector data,” NBER Work. Pap., vol. 27431, 2020.

	[19]	B. Williamson, F. Macgilchrist, and J. Potter, “Covid-19 controversies and critical research 
in digital education,” Learn. Media Technol., vol. 46, no. 2, pp. 117–127, 2021, doi: https://
doi.org/10.1080/17439884.2021.1922437

	[20]	S. A. Aderibigbe, J. M. Dias, and M. S. Abraham, “Understanding issues affecting stu-
dents’ commitment to online discussion forums in undergraduate courses,” Int. J. Inter-
act. Mob. Technol., vol. 15, no. 01, p. 4, Jan. 2021, doi: https://doi.org/10.3991/ijim. 
v15i01.17939

	[21]	P. Engzell, A. Frey, and M. D. Verhagen, “Learning loss due to school closures during the 
COVID-19 pandemic,” Proc. Natl. Acad. Sci., vol. 118, no. 17, p. e2022376118, Apr. 2021, 
doi: https://doi.org/10.1073/pnas.2022376118

	[22]	D. F. K. Dwiputra, T. M. Budiyanto, T. A. Dzakiyyah, and M. Iqbal, “Textbooks transfor-
mation into digital comics as innovative learning media for social science studies in junior 
high school,” Int. J. Pedagog. Soc. Stud., vol. 5, no. 2, pp. 9–16, 2020, doi: https://doi.
org/10.17509/ijposs.v5i2.29068.

	[23]	D. H. Bailey, G. J. Duncan, R. J. Murnane, and N. Au Yeung, “Achievement gaps in the 
wake of COVID-19,” Educ. Res., vol. 50, no. 5, pp. 266–275, Jun. 2021, doi: https://doi.
org/10.3102/0013189X211011237

44 http://www.i-jim.org

https://doi.org/10.1080/17453054.2020.1761248
https://doi.org/10.24252/auladuna.v8i1a10.2021
https://doi.org/10.24252/auladuna.v8i1a10.2021
https://doi.org/10.46328/ijonses.106
https://doi.org/10.46328/ijonses.106
https://doi.org/10.3991/ijep.v10i4.15021
https://doi.org/10.1080/02619768.2020.1809650
https://doi.org/10.1080/02619768.2020.1809650
https://doi.org/10.3991/ijim.v15i01.17847
https://doi.org/10.1186/s13673-015-0024-3
https://doi.org/10.3102/0013189X20965918
https://doi.org/10.1016/j.jpubeco.2020.104345
https://doi.org/10.1080/17439884.2021.1922437
https://doi.org/10.1080/17439884.2021.1922437
https://doi.org/10.3991/ijim.v15i01.17939
https://doi.org/10.3991/ijim.v15i01.17939
https://doi.org/10.1073/pnas.2022376118
https://doi.org/10.17509/ijposs.v5i2.29068
https://doi.org/10.17509/ijposs.v5i2.29068
https://doi.org/10.3102/0013189X211011237
https://doi.org/10.3102/0013189X211011237


Paper—Digital Comics in Online Learning During COVID-19: Its Effect on Student Cognitive…

	[24]	E. Grewenig, P. Lergetporer, L. Woessmann, and L. Zierow, “COVID-19 school closures 
hit low-achieving students particularly hard,” Germany, 8648, 2020. [Online]. Available: 
https://www.ifo.de/en/node/60075.

	[25]	S. Papadakis, N. Zaranis, and M. Kalogiannakis, “Parental involvement and attitudes 
towards young Greek children’s mobile usage,” Int. J. Child-Computer Interact., vol. 22, 
p. 100144, 2019, doi: https://doi.org/10.1016/j.ijcci.2019.100144

	[26]	I. Damopolii and B. Kurniadi, “Training students metacognitive skill using mobile learning,” 
J. Phys. Conf. Ser., vol. 1317, no. 1, p. 012185, 2019, doi: https://doi.org/10.1088/1742- 
6596/1317/1/012185

	[27]	J. S. J. Kirchoff, “Considering comiXology’s guided view,” Perspect. Digit. Comics Theor. 
Crit. Pedagog. Essays, 2019.

	[28]	J. Aggleton, “Defining digital comics: a British library perspective,” J. Graph. Nov. Comics, 
vol. 10, no. 4, pp. 393–409, Jul. 2019, doi: https://doi.org/10.1080/21504857.2018.1503189

	[29]	P. Lo, Y.-P. Lyu, J. C. Chen, J.-L. Lu, and A. J. Stark, “Measuring the educational value of 
comic books from the school librarians’ perspective: A region-wide quantitative study in 
Taiwan,” J. Librariansh. Inf. Sci., Jan. 2021, doi: https://doi.org/10.1177/0961000620983430

	[30]	P. J. Kuttner, M. B. Weaver-Hightower, and N. Sousanis, “Comics-based research: The affor-
dances of comics for research across disciplines,” Qual. Res., vol. 21, no. 2, pp. 195–214, 
Apr. 2021, doi: https://doi.org/10.1177/1468794120918845
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