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Abstract

Blended learning in chemistry education issue has been discussed throughout the world over the past
decade. The previous review on blended learning in chemistry provides valuable insight into learning
strategies and specific courses (Nugraheni, Adita, & Srisawasdi, 2020). Nevertheless, that review did not pay
attention to some issues in terms of authors’ nationality, journals, research methods, research issue,
education levels, online and offline learning portions, the specific model of blended learning in chemistry,
and technology used in blended learning of chemistry. Hence, this study conducted a meta-review of 76
blended learning in chemistry research articles indexed by the SCOPUS database published from 2010 to
2019 to analyze these issues. The results revealed that blended learning in chemistry was implemented
around the world. These findings showed that blended learning in chemistry was applied in the
Americas, Europe, Asia, Australia, and South Africa. It was also found that most researchers employed a
quantitative methodology such as experimental and survey. Meanwhile, most studies focused on the
cognitive aspect, such as students’ academic performance, students’ metacognitive scaffolding, students’
misconception, and students’ retention. Furthermore, most of the blended learning was applied in higher
education. The proportion of online learning and offline learning that is often done is half online and half
offline. This research also found that flipped classroom is the most favorite model in blended learning
with video as the primary technology used in blended learning in the chemistry classroom.
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B introduction

There is no doubt that the rapid growth of technology in this modern era opens up new
opportunities in education. “Many studies revealed that the implementation of new educational models
is more effective and preferred by students over traditional approaches” (Bernard, Bros, & Migdad-Mikuli,
2017, p.682). One of the new educational models that very popular is blended learning. Blended learning
was created by educational policymakers and practitioners when merely online learning environments
which had come with the enormous advancement of information and communication technology (ICT)
did not stand the test of time by adopting the advantages and integrate them into physical environments
(Seraji, Attaran, & Azizi, 2019).

In this 21*" century, the advancement of blended learning has brought transformation to all
subjects, including chemistry. Implementation of blended learning in chemistry courses is an astonishing
issue. Many studies reported that blended learning could be a fruitful way to enhance teaching chemistry
quality. For instance, Olakanmi (2016) reported that blended learning could facilitate students’ conceptual
understanding of the rate of chemical reaction topics. Likewise, blended learning can foster students’
outcomes significantly (Bernard, Bros, & Migdad-Mikuli, 2017).

Although there have been numerous studies that discover the application of blended learning in
chemistry, it is still needed to analyze the trends in the implementation of blended learning in chemistry.
The previous study (Nugraheni, Adita, & Srisawasdi, 2020) reported a research trend focused on learning
strategies and specific courses in chemistry. Regarding that results, some aspects still must be disclosed
further, including authors’ nationality, journal, research methods and issue, education levels, online and
offline learning portions, the specific model of blended learning, and technology used in blended learning
of chemistry. The trends of these issues are beneficial to be the references for educators who want to
practice blended learning, particularly in chemistry class. The literature on blended learning facilitated
chemistry courses will be revealed in this study to understand the implementation and trend of blended

learning in chemistry.

B Research Question

There were seven research questions addressed as the following questions:

RQ1: What are the authors’ countries and journals of selected blended learning in chemistry
studies?

RQ2: What are the research methods of selected blended learning in chemistry studies?

RQ3: What are the research issues of selected blended learning in chemistry studies?

RQ4: What are the education levels of selected blended learning in chemistry studies?

RQ5: What are the portions (online: offline) of selected blended learning in chemistry studies?

RQ6: What are the specific models of selected blended learning in chemistry studies?
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RQ7: What are the technologies of selected blended learning in chemistry studies?

- Literature Review

Throne (2004) stated that blended learning is a learning model that portrays an opportunity to
combine online instruction, bouncing innovative and contemporary technology, and traditional instruction
bounces direct interaction and students’ participation. In a broader sense to Thorne’s idea, Bersin (2004)
explained that blended learning is @ model for a specific audience that integrates various training “media,"
such as technologies, activities, and events to create an effective training program. Meanwhile, Watson
(2008) described that blended learning is a model that integrates face-to-face learning and online learning
to foster the classroom experience and extend learning through the innovation of information and
communications technology (ICT). Moreover, Graham (2006) described that blended learning is an
integration of face-to-face learning with computer-mediated learning. In short, blended learning is an
integration of online learning and face-to-face learning (Reay, 2001; Rooney, 2003; Sands, 2002; Ward & La
Branche, 2003; Young, 2002). Blended learning is used interchangeably in the research literature as

” o«

“personalized learning”, “differentiated instruction”, “hybrid learning”, “technology-mediated instruction”,
“web-enhanced instruction”, “mixed-mode instruction” (Krasulia, 2015). Furthermore, Staker & Horn (2012)
described four models of blended learning (i.e., rotation model, flex model, self-blend model, and
enriched-virtual model). In addition, the rotation model is divided into four sub-model: the station-rotation
model, the lab-rotation model, the flipped-classroom model, and the individual-rotation model.

There have been numerous published studies on the implementation of blended learning in
chemistry. For instance, blended learning was implemented in an organic chemistry course (Shattuck,
2016). The result indicated that blended learning intervention could promote students’ achievement.
Besides, blended learning was also implemented in the chemistry laboratory to optimize students’
experience (Kennepohl, 2013). Moreover, blended learning was also applied in chemical information or
cheminformatics (Baykoucheva, Houck, & White, 2015). The result revealed that students learned how to
reach literature and chemical property more efficiently. Meanwhile, another study that implemented
blended learning in chemistry pharmaceutical analysis (Visentin et al,, 2013) was found that blended
learning can foster students’ involvement. Furthermore, the studies of Lee, Sharif, & Rahim (2018), and
Jihad et al. (2018) also revealed that blended learning could enhance students’ conceptual understanding.

Based on the literature review, researchers endeavor to applied blended learning to foster
students’ learning. It provides educators information on how to prepare appropriate learning activities for
their students. To entitle the research and development of chemistry to become more knowledgeable,

the previous implementation of blended learning has become pivotal to analyze.
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B Research Methodology

Resources

This research study analyzed papers from the SCOPUS database from 2010 to 2019 by searching
for publications whose titles, abstracts, or keywords met the logical condition (‘blended' or 'hybrid" or
flipped’) and (learning) and (‘chemistry') respectively. A total of 430 articles published in Scopus-indexed
journals is appropriate for this review. In the final step, 76 papers were included in the present study. It was
found by removing 138 non-article papers, four non-English papers, and 209 non-related papers (see Figure

1).

Search article from the Scopus database with the keyword “blended” OR “hybrid” OR “flipped”
AND “learning” AND “chemistry”.

1

Select year of Publish 2010-2019

N = 430

1

Select the items from the source type that is "Article”

N = 292

Remove non-English Article

N=4

! Analyze the content of the target
I item

Select non-Related and non-available Article

Select the language of the item that is “English”
N =292

N =212

Fisure 1. Scopus database searching steps.

Coding Scheme

In the present study, the aspects being analyzed include nationality of authors, journals, research
methods, research issues, education level, the portion of online and offline learning, the specific model of
blended learning, and technology used in blended learning of chemistry. Each dimension is described in
the following item:

1) Nationalities of authors and journals: The standard information of those published papers is
discussed, including authors’ nationality and journals. The aim is to understand which countries are more
often published papers on blended learning in chemical education.

2) Research methods: The category of research methods was based on the four standard research
methods, consist of the quantitative research method, qualitative research method, mixed-method and
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system development.

3) Research issues: The research issues investigated in blended learning in chemistry education
studies were also analyzed, including the aspects of cognition, affective, psychomotor, and social.
According to the search result, it is divided into ten categories. The categories are cognitive, affective,
psychomotor, social, cognitive-affective, cognitive-social, cognitive-affective-psychomotor,
cognitive-affective-social, others, and non-specified.

4) Education level: This study classified the education level into four categories is Primary
Education, Secondary Education, Higher Education, and Professional Development.

5) Portion of online learning and offline learning: This study also examined the portion of online
learning and offline learning. According to the search result, it is divided into 20 categories, in percentage, as
follows: non-specified; 10: 90; 13.33: 86.67; 15: 85; 20: 80; 25: 75; 28: 62; 30: 70; 33.33: 67.67; 35: 65; 40: 60,
47: 53; 50: 50; 57: 43; 60: 40; 62: 28; 66.67: 33.33; 70: 39; 80: 20.

6) Specific models of blended learning: According to Staker & Horn (2012), there are four major
blended learning models. These are the rotation model, flex model, self-blend model, and
enriched-virtual model. Furthermore, the rotation model has four sub-models: station-rotation model,
lab-rotation model, flipped-classroom model, and individual-rotation model.

7) The technology used: The technology used is also investigated. According to the search result,
it is divided into 14 categories. These are video, LMS/web, vodcast, go-pro, virtual laboratory, Television
(TV), computer, mobile apps, simulation, LearnSmart Flash Card, lecture note, various ICT, specific

technology, and non-specified.

- Results

Nationalities of Authors and Journal

In this study, we merely probed the nationality of the corresponding author of the papers on
blended learning in the field of chemistry. The results indicate that many countries have already tried to
apply blended learning in chemistry teaching. The top country was the United States of America, with 48
papers. Furthermore, studies related to blended learning in chemistry were carried out in Canada with five
papers, followed by Singapore with four papers and China with three papers. Also, figure 2 depicts that
Colombia, Malaysia, Poland, and the UK contributed two papers for each country. Lastly, Australia, Belgium,
Greece, Italy, Ireland, Russia, South Africa, and Turkey contributed one paper for each country. This result is
quite similar to the previous study (Anthony et al., 2020), which revealed that the United States of America
conducted many studies related to blended learning since most of the first researchers of blended learning
adoption, such as Charles R. Graham, comes from the United State (US). These findings also suggested that
blended learning in chemistry not only implemented in the Americas (US, Canada, Colombia) and Europe

(Poland, UK, Belgium, Greece, ltaly, Ireland, Russia) but also in Asia (Singapore, China, Malaysia, Turkey),
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Australia and South Africa as well. Therefore, it implies that blended learning in chemistry is applied around

the world.

Nationalities of Authors
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Figure 2. Countries publishing papers on blended learning in chemistry from 2010 to 2019

Figure 3 indicates that the top international reputable journal with the highest contribution in this
field is the Journal of Chemical Education (JCE) with 35 papers, followed by the other reputable journals,
Chemistry Education Research and Practice with 11 papers and ACS Symposium Series Journal with five
papers respectively. Therefore, the other journals such as World Transactions on Engineering and
Technology Education, Turkish Online Journal of Distance Education, International Review of Research in
Open and Distance Learning contributed one paper for each journal. “The statistical finding of authors and
journal titles could be a reasonable reference to researchers who intend to publish blended learning in the

field of chemistry or host relevant workshop or conference in the future” (Premthaisong et al., 2019).
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Figure 3. Journals publishing on blended learning in chemistry from 2010 to 2019
Research Method

The research method in each article was also investigated. Figure 4 describes the research method
which is adopted in blended learning from 2010 to 2019. There were 56 pieces of research (73.68 %)
adopting the quantitative method. Quantitative methods are divided into some methods further such as
experimental and survey. One of the studies that implemented the quantitative method is the study by
Canelas, Hill, and Novicki (2017). Pseudo-experimental was applied in this research. Another example
implemented quantitative method is the study of Parsons (2019). The researcher employed a survey in his
research.

Furthermore, nine pieces of research (N=9, 11.84%) employed mixed method, following by system
development (N=8, 10.53%) and qualitative method (N=3, 1.32%), respectively. These findings are
analogous with the prior review studies conducted by (Holton et al,, 2006; Kumar and Pande, 2017,
Anthony, 2020), who discussed those quantitative methods were the primary approach employed in
previously blended learning studies. This finding also suggested that the implementation of blended

learning in chemistry focused more on learning outcomes.
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Figure 4. The research method adopted in blended learning in chemistry from 2010 to 2019

Research Issue

Research issues were probed in this study, including cognitive, affective, psychomotor, and social
aspects. Even though some papers discuss the other aspects. Figure 5 depicts that cognitive aspects is the
most popular issue in blended learning in chemistry (N=28, 36.84 %), followed by affective (N=16, 21.05 %),
cognitive-affective (N=11, 14.47 %), cognitive-social (N=4, 5.26 %), psychomotor (N=3, 3.95 %) and
non-specified aspects (N=3, 3.95 %) respectively. Non-specified means the papers did not mention the
research issues. Furthermore, two papers (2.63 %) discuss other aspects, such as students’ learning skills
and leaming efficiency. Lastly, there was one paper (1.32 %) that discuss the three aspects (cognitive,
affective, psychomotor) and one paper (1.32 %) that discuss another three aspects (cognitive, affective,
social). These findings indicate that blended learning in chemistry focuses more on investigating the

cognitive aspect.
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Figure 5. Research issues in blended learning in chemistry from 2010 to 2019

On the other hand, psychomotor was rarely investigated. Each aspect (cognitive, affective,
psychomotor, and social) consists of some specific research issues. Table 1 shows some examples for each
aspect. This specific research issue is in line with the prior study (Pima et al., 2018), which found that one of
the hot themes in blended learning is learner performance with sub-theme performance outcomes,
students’ and teachers’ satisfaction, engagement (students and teachers), students’ retention, motivation

and efforts, independence in learning, and learning autonomy.

Table 1

The Examples of Specific Research Issue for Each Aspect

Aspect Specific Research Issue (s) Example of Studies
Cognitive Schultz et al.(2014)
Butzler (2015)

Weaver & Sturtevant (2015)

Eichler & Peeples (2016)

Mooring, Mitchell, & Burrows (2016)

Students’ academic Shattuck (2016)

performance/achievement Christiansen et al. (2017)

Bernard, Bros, & Migdad-Mikuli (2017)

Cormier & Voisard (2017)

Halim et al. (2017)

Ring (2017)

Thomas (2017)
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Aspect Specific Research Issue (s) Example of Studies
Jihad et al. (2018)
Lee, Sharif, & Rahim (2018)
Lewis (2018)
McDowell et al. (2019)
Students’ Metacognitive Scaffolding Huertas et al. (2015)
Casselman (2019)
Students’ Misconception Fautch (2015)
Students’ Retention Robert (2016)
Ryan (2016)
Affective Students’ Engagement/Participation Ozdilek (2013)
Seery (2015)
Legron-Rodriguez (2019)
Stewart & Dake (2019)
Students’ Perception Hanson (2014)
Fitzgerald & Li (2015)
Donnelly & Hernandez (2018)
Ping et al. (2018)
Stewart & Dake (2019)
Students’ Attitude Olakanmi (2017)
Rau et al. (2017)
Parsons (2019)
Students’ Motivation Liu, Raker, & Lewis (2018)
Students’ Interest Z. Liu, Lin, & Zhong (2019)
Students’ Independence Butzler (2016)
Students” Autonomous Lenczewski (2016)
Psycho- Students' Experimental/Research Skill Brewer et al. (2013)
motor Shen (2016)
Bortnik et al. (2017)
Social Students’ Transferable Skill Canelas, Hill, & Novicki (2017)
Students’ Collaboration Skill Shattuck (2019)
Others Students’ Learning Style Polizzi & Beratan (2015)

Learning Efficiency

Zeng et al. (2018)

[28]
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Education Level

Education levels were examined, including primary education, secondary education, higher
education, and professional development. As illustrated in figure 6, there were 67 studies (88.16 %) in
higher education. At the level of higher education, blended learning usually implements at the
undergraduate level. Therefore, the researches were implemented at the undergraduate level, such as
Shattuck (2016), Fung (2017), Stewart & Dake (2019). Furthermore, there were five studies (6.58 %)
conducted in secondary education. The studies were implemented in secondary education, such as
Schultz et al. (2014) and Huertas et al. (2015). Meanwhile, three studies (3.94 %) implemented teacher
professional development. The study of Clary (2017) invited in-service teachers as participants, while Tsoi
(2010) and Ozdilek (2013) invited pre-service teachers as respondents. Lastly, another 1 study (1.32 %) was
implemented in primary education (Shen, 2016).

The finding shows that higher education preferred to implement blended learning than the other
levels, particularly in chemical education. It makes sense due to the character of learners. Graham (2006)
stated that one of the major issues when implementing blended learning is the role of learner and
self-regulation. Blended learning requires a large amount of self-discipline, particularly on the online
learning part (Collis, Bruijstens, & Veen, 2003). College students are more independent than high school or

primary school students. Hence, lecturers are easier to implement blended learning in higher education.

Education Level
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Figure 6. Education level applied blended learning in chemistry from 2010 to 2019

The portion of Online and Offline Learning

One thing that stands out in blended learning is the proportion of online and offline learning. In
this study, the proportion was carefully investigated in terms of the percentage of the application. As

illustrated in figure 7, 50:50 are in the highest ratio (N=13) after non-specified (not mentioned). It means
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that the half-half proportion of online and offline learning is the most preferred by researchers. These
findings are in line with the previous study (Pilcher, 2017, p.1696), which stated that “In many instances, the
contact hour time in blended learning is split 50/50 between meeting in class and the online component”.
It also makes sense since this portion is the easiest way among all portions. One of the studies that applied
half/half proportion is Mcdowell et al. (2019). They implemented blended learning in their redesigned
lecture with 2-section face-to-face instruction and 2-section online-mediated learning. The second rank of
variation is 25:75 (N=6), followed by 33.33:67.67 (N=5). As a reference for this portion, the study of Shattuck
(2016) applied a third of the course with flipped pedagogy. It refers to a third of the instruction is online,
and the other part is offline. Furthermore, there are still many variations of proportion conducted by
educators in chemistry class. Four papers explained 10:90 as the portion of their blended learning class.
This proportion laid the least online learning than the other various proportions. One of the studies that
applied this portion is the study of Stewart & Dake (2019). This study conducted 36 hours of in-class
contact time with 15-20 minutes of online video per topic. Additionally, there were 12 topics in this study.
It means roughly 480 minutes or 4 hours for online learning. The other (N=4) papers employed 70:30 as a
proportion in their blended learning class. Furthermore, the ratio of 20:80 was used in the (N=3) papers.
Meanwhile, 28: 62; 47:53; 57:43; 66.67: 33.33 and 80:20 were used in two papers (N=2). The ratio of 80:20 is
the proportion that laid the highest online learning. The study by Hanson et al. (2014) used this proportion.
Among ten weeks of instruction, educators conducted online learning in eight weeks and merely
conducted offline instruction for two weeks. Kaur & Ahmed (2006), Kaur (2013), and Owston et al. (2019)
recommended this portion as the successful delivery of blended learning by balancing 80% online learning
(activities, information, resources, assessment, and feedback) and 20% classroom instruction (face to face).
Likewise, Ginns & Ellis (2007) argued that achieving a blend of 29-30% face-to-face and 79-80% online
teaching delivery is required for effective blended learning. This is in line with the previous studies (Graham
et al,, 2013; Bokolo Jr et al., 2020), which stated that one of the strategies to enhance the implementation
of blended learning in higher education is making policies to decrease face to face classroom hours and
increase online learning hours (Park et al. 2016). Lastly, 13.33:86.67; 15:85; 30:70; 40:60; 60:40; 62:28; and
67.5:32.5 were used in a study (N=1).
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Figure 7. The portion of online: offline applied on blended learning in chemistry from 2010 to 2019

Specific Model of Blended Learning

Specific models of blended learning have also been investigating in this study. According to Staker
& Horn (2012), there are four major blended learning models: rotation model, flex model, self-blend model,
and enriched-virtual model. Furthermore, the rotation model has four sub-models: station-rotation model,
lab-rotation model, flipped-classroom model, and individual-rotation model. Figure 8 indicates that the
Flipped Classroom is the most favorite model in blended learning (N=50, 65.79%). For instance, the study
of Shattuck (2016), Fung (2017), and Stewart & Dake (2019) applied flipped classrooms. It was followed by
general blended learning (N=24, 31,58%). This category means the papers did not mention the specific
model of blended learning. As references, Ping et al. (2018) and Shen (2016) implemented this model.
Furthermore, another (N=1, 1.32%) study adopted a mixed model (blended learning in general and
flipped-classroom). The study implemented this model is a study by Baepler, Walker, & Driessen (2014).
Lastly, one research (1.32%) applied the rotation model (McDowell et al., 2019). This finding is in line with
the prior study (Alammary, 2019), which stated that the flipped classroom is “the most widely known
blended learning model." Likewise, Hwang, Lai, & Wang (2015) found that so many educators adopted

flipped classrooms.
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Figure 8. The specific model of blended learning in chemistry from 2010 to 2019

Technology

The technology used was also investigated. According to the search result, it is divided into 14
categories. These are video, LMS/website, vodcast, go-pro, virtual laboratory, Television (TV), computer,
mobile apps, simulation, LearnSmart Flash Card, lecture note, various ICT, specific technology, and
non-specified. Figure 9 depicts that video is the most popular technology in implementing blended
learning in chemistry (N=34, 44.74%). The previous result revealed flipped classroom is the most popular
model in blended learning since the video is the leading technology in the flipped classroom. The studies
of Shattuck (2016), Fung (2017), and Stewart & Dake (2019) are some examples of using video as technology.
Furthermore, another technology used was various ICT tools (N=17, 22.37%). One of the studies that using
various ICT tools is the study of Shen (2016). The researcher used video and virtual laboratory in the
classroom. Additionally, the other technologies used were various ICT tools were LMS/website (N=6, 7.89%),
specific technology (e.g. Explain everything app, multitouch book, notebook (QDWD) (N=3, 3.95%), virtual
laboratory (N=2, 2.63%), simulation (N=2,2.63%), vodcast (N=2, 2.63 %), go-pro (N=1, 1.32%), Television (TV)
(N=1, 1.32%), Computer (N=1, 1.32%), mobile (N=1, 1.32%), Flashcard (N=1, 1.32%). Meanwhile, four studies

(5.26%) did not mention the technology used in their blended chemistry classroom.
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Figure 9. The technology used in blended learning in chemistry from 2010 to 2019.

- Conclusion

This present study performed a meta-review and analysis of implementing blended learning in
chemistry from 2010 to 2019. The findings revealed that blended learning in chemistry is widely
implemented around the world. It also found that most researchers employed a quantitative
methodology. It implies blended learning in chemistry focuses more on students’ learning outcomes.

Meanwhile, the results also revealed that the issues related to "psychomotor” were rarely
analyzed. Instead, most studies focused on the cognitive aspect. This finding shows that many studies are
required to enhance students’ academic performance. Furthermore, it implies that examining the impacts
of blended learning in chemistry courses on students’ cognitive aspects remains an exciting and prominent
issue.

Furthermore, it also found that most studies have been conducted in higher education. It implies
that lecturers preferred to conducting blended learning than teachers. It is also related to the character of
the learner. The sophomores are usually more independent than high school students. Hence, lecturers
are easier to implement blended learning in higher education.

Besides, this study also found in the portion of online instruction and offline instruction. Half
online and half offline become favorite parts. Even though, there were many various portion such as 10% :
90%, 13.33% : 86.67%, 15% : 85%, 20% : 80% and many other portions. It implies that educators
implemented blended learning in chemistry in many various portions. It depends on the characteristic of
the learners and specific courses.

Therefore, this research also found that flipped classroom is the most favorite model in blended
learning, particularly in the chemistry classroom. Lastly, the findings also found that video is the most

popular technology in implementing blended learning in chemistry. The previous result revealed flipped
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classroom is the most popular model in blended learning since the video is the leading technology in the
flipped classroom.

Regarding the results, some points can highlight for future endeavors. The present study found
that cognitive aspects are still to be a prominent issue. Meanwhile, most blended learning in chemistry was
conducted in higher education with sophomores as participants. It implies that implementing blended
learning in chemistry for the other education levels, including the public (citizen), is still required.

Additionally, the prior study results (Nugraheni, Adita, Srisawasdi, 2020) also highlighted some important
points. These are blended learning in chemistry focuses more on supporting theoretical chemistry. Hence,
the implementation of blended learning on application chemistry opens up an opportunity to be
investigated. Furthermore, teamwork learning becomes the favorite learning strategy in the implementation
of blended learning in chemistry. Regarding the findings of the prior and present studies, the
implementation of blended learning on the application of chemistry (e.g., circular plastic economy) with
public participation approach (e.g., citizen science and inquiry) is an exciting issue to be explored for future

work.
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