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Abstrak: Organic chemistry is a compulsory course for both science and science education students. There-
fore a proper course design is needed to ease the understanding of the concepts considered dEffiicult in terms
of learning activities, application of technology, and innovation in the curriculum structure. Various studies
have been carried out to solve problems in organic chemistry courses, with the majority focused on concept
mastery due to students' difficulty. Furthermore, their thinking skills need to be improved after graduating
from the university in accordance with the 21* century, which is associated with the application of technology
and curriculum modification. The results showed that most studies in organic chemistry courses focused on
improving students' concept, understanding, and thinking abilities. Therefore, little application of technology
and curriculum modification is still needed in the innovation of organic chemistry courses, especially in
applying technology. In conclusion, courses related to organic chemistry still need innovation, especially in
the application of technology. This research can serve as a reference for developing organic chemistry
learning in the future.
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INTRODUCTION

Learning activities are the core of education in schools. Therefore it needs to be an essential
concern for all education practitioners, teachers, stakeholders, and studefi®. As class teachers, lecturers
need to continue to find new teaching methods to improve the quality of courses related to organic che-
mistry. This, in turn, tends to improve the overall quality of student education. Several learning designs
that were previously applied over the years, including the inverted classroom design (Tune et al., 2013),
student-centered design (Gordon et al., 2013), moditied curriculum with practice in real evidence
(Finotto et al., 2013), problem-based learning design (Yangi Zhang et al., 2015) collaborative learning
(O’Neal et al., 2016) case leaming design (Xiong, 2016) service-learning design (Najmr et al., 2018)
reverses classroom design integrated with ICT and e-learning (Ahn, 2019) online learning design (Pei
& Wu, 2019) and active learning design (Theobald et al., 2020).

The development of information technology (ICT) in the 21st century has become necessary in
developing the quality of learning in schools, especially millennials, as leaming subjects close to tech-
nology. The topic of focus in this research is organic chemistry, which science students widely study.
Efforts related to improving this leaming design are through class activities. However, the techniques
used by the lecturers to teach students organic chemistry have not been determined. Therefore, this study
aims to determine the historical application of teaching and leaming activities in organic chemistry.

Based on the objectives of this study, it is expected to be able to provide quality information on
the process of learning activities in organic chemistry courses so that students can answer the challenges
of learning in the 21st century and become a reference for conveying the organic chemistry learning
process that students will accept. This review is focused on articles on learning organic chemistry.

METHOD

Researchers researched by selecting several journals taken through Google Scholar with the types
of articles indexed or not indexed by Scopus. The search activity carried out with the Google Scholar
software was focused on combining the selected keywords, including the keywords learning organic
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chemistry and teaching organic chemistry. The search was carried out in July 2020. Based on the search,
it was found that there were more than 100 articles published in the years 2012-2020. Based on the
articles found, there are only about 65 articles that match the research focus. Researchers only conduct
research based on the results of the articles' analysis and do not take from books or others.

After the articles by the focus of the study were grouped as many as 65 article documents, the
next step was to analyze the titles and abstracts adjusted to the study's scope. Next, the data extraction
of the research results from the analyzed articles was carried out, especially on the focus of the
application of organic chemistry learning that has been carried out in various countries.

The topic which is the focus of this research is organic chemistry. The 65 articles selected had
fulfilled the requirements with topics that were by the focus of the research. After the article has been
successtully analyzed from title to content, the next stage is grouping the articles. The articles' grouping
is divided into three groups, namely articles that discuss how universities compile the organic chemistry
curriculum, organic chemistry learning modified by lecturers, and how technology is applied in teaching
organic chemistry courses.

RESULT AND DISCUSSION

Figure 1 is the process of teaching organic chemistry by lecturers from 2012 to 2020.
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Figure 1. Trend of Organic Chemistry Course for Several Years

(2012) The act of teaching organic chemistry was focused on identifying the difficult concept and
developing altermative methods for students’ understanding (McClary & Bretz, 2012). Grove & Lowery
Bretz (2012), implemented spiral curriculum, Stull et al. (2012) used the concrete models to describe
molecule structure, while Talib et al. (2012) used Simple Explicit Animation (SEA).

(2013) During this year, teaching organic chemistry focused on improving student's behavior in
seeking and correlating it with prior chemistry aptitude (Horowitz et al., 2013). Lopez et al. (2013)
applied the SRL (Self-Regulated Learning) method, while Raker et al. (2013) assessed students to
determine their cognitive knowledge of organic chemistry.

(2014) Lecturers tried to students on ways to master the connection between the theory obtained
in class and the real world (Bhattacharyya & Bodner, 2014). The difficult concept such as organic
nomenclature, bonding, mechanism, reagents or products, and synthesis were analyzed (Austin et al.,
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2015). Furthermore, Flynn (2014) introduced the act of mastering the concepts and use of high order
thinking, especially in problem-solving skills, in order to build students' synthesis skills. Learning
organic chemistry using technology was also achieved by the screen-capture method using a program
named Panopto, which was developed by Dangelo (2014). Christiansen (2014) also invented the
inverted teaching (IT), whereby homework was conducted together in the class, and the transfer concept
carried out by students at home by watching related videos. The last, organic chemistry learning focused
on reorganizing the used Spiral curijulum, with organic content separated in the cycle. and not
consecutive topics. The cycle started with an introduction to the fundamentals of organic chemistry,
with the subsequent ones forcing the leamer to recall and relearn the topics previously leamed (O’
Dwyer & Childs, 2014)

(2015) Organic chemistry was taught using the flipped classroom, which was guided by the
lecturer for engaging activities and problem-solving, therefore the content learning was carried out at
home (Fautch, 2015).

(2016) This year, organic chemistry was taught using the problem-solving scaffold (Bodé &
Flynn, 2016; Sloop et al.. 2016) and analogy approaches, especially in the abstract matter (Samara,
2016). Furthermore, the process-oriented guided inquiry learning (POGIL) (Carneiro et al., 2016),
Topic-Specitfic Pedagogy Content Knowledge (TSPCK) and Content Knowledge (CK) (Davidowitz &
Potgieter, 2016) methods were implemented, with various chemistry software such as Chem Office,
Hyperchem, and Gaussian 03, used to improve student spatial thinking skills (Wang, 2016).

(2017) The process of learning organic chemistry focused on building a framework for improving
student mechanistic reasoning (Caspari et al., 2018) while exploring the intersections of teachers' and
students' perceptions of the difffJult concepts (O’Dwyer & Childs, 2017). Canelas et al. (2017) used
cooperative learning, including inquiry, analysis, critical thinking, and the basic principles of scientific
reasoning within the context of organic chemistry to improve problem-solving skills and scientific ways
of thinking (Stowe & Cooper, 2017). Furthermore, the application of student-centered learning with
active learning model such as collaborative learning, cooperative learning, and problem-based learning
developed by Crimmins & Midkiff (2017), as well as the application of argumentation activities to
minimize their difficulties in learning the topic required memorization (Pabuccu & Erduran, 2017), and
use of the flipped classroom to build active learning (Cormier & Voisard, 2018). Organic chemistry was
also taught with the modified curriculum in the language, such as specific reaction involving electron-
pushing (Galloway et al., 2017) and by reforming the curriculum, which combined the theory and
practice (Yunshen Zhang, 2017)

(2018) The learning started with analyzing the difficult concepts of organic chemistry, and its
general application as basic matter (Ealy, 2018), by applying the model of PBL (Problem Based
Leaming) (Al-Salihi & Alobaidi, 2018), and increasing the self-confidence of students (Angelini &
Gasbarri, 2018). The act of learning organic chemistry also used online technology computing, designed
as automatic vehicles with systematic (Fellicious, 2018). Furthermore, an animation media such as
interactive computer visualization (ICV) which used the Roger Frost organi@inimation package (Ngozi-
Olehi et al., 2018), and technology internet Web 2.0, for courses involving diverse techniques, services
and tools that enable participants to actively collaborate with the creation of content, generating of
knowledge and sharing of information via online media (Romero et al., 2018).

(2019) The lecturers taught critical and system high order thinking skills in leaming organic
chemistry (Timofte & Popus, 2019), with the application of the flipped classroom (Rocabado et al., 2019
and Broman & Johnels, 2019) and Bridge activity which is transits the activity from prdflass
preparation to in-class learning (Stewart & Dake, 2019). Organic chemistry was also taught using a card
game designed to help students understand the substitution and elimination reactions of alkyl halides
named CHEMCompete (Camarca et al., 2019). Technology, through the use of artificial intelligence,
was also used to predict organic compound products without laboratory practice ieiretti & Brunel,
2018). The last learning process modified the curriculum by implementing OCLUE (Organic Chemistry,
Life, the Universe, and Everything), which involves organic content accompanied by the use of real-
world applications (Cooper et al., 2019).

(2020) In 2020, the act of learning organic chemistry focused on causal mechanistic arrows in
substitution reaction (Crandell et al., 2020), the application of chemical structure teaching (CST) (Zheng
etal., 2020), use of card game especially in learning functional group (Bell et al., 2020), and application
of Posner's approach by implementing the design-based research technique (Kaanklao &
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Suwathanpornkul, 2020). Furthermore, it focused on the terminal object (TOs), and the development of
specific students' capabilities (Betancourt-Pérez et al., 2020).

Organic chemistry learned by reorganized the curriculum, It focused on the interrelationships of
organidgfeaction mechanisms, which emphasizes the core concepts, such as the interconnectedness of
topics, logical hierarchy of topics, and promoting reasoning through analogy and ffll principles. Lipton
(2020) implemented 1-2-1 curriculum, with the sequence of learning as follows: General Chemistry 1,
Organic Chemistry [ and II. and General Chemistry II. It is different from the past, where Organic
Chemistry was taught after General Chemistry [ and II (Provencher et al., 2020). The curriculum was
revised by incorporating the theme of green chemistry (Holme et al., 2020).

This research is divided into three parts, which are focused on the organic moditfied curriculum,
chemistry concept, and applied technology. The curriculum is a set of learning needs that involves goals,
subject matter, teaching plan, documents, and experiences (Alsubaie, 2016; Su, 2012). It is part of the
education system that never separated from learning activity in an organic chemistry course. Several
experiments applied the modified curriculum in an organic chemistry course for years with the
knowledge that the curriculum is focused on education research. Therefore, several studies focused on
the application of modified curriculum in teaching and learning organic chemistry (Childs & O” Dwyer,
2014; Cooper et al., 2019; Galloway et al., 2017; Grove & Lowery Bretz, 2012; Holme et al., 2020;
ipton, 2020; Provencher et al., 2020; Yunshen Zhang, 2017)

Courses related to organic chemistry are applied in the spiral curriculum, which is reviewed
repeatedly in a course while including the required themes and topics in every meeting (Harden &
Stamper, 1999). The spiral curriculum is focused onfforganizing the curriculum, separated by organic
content and not consecutive topics. The cycle started with an introduction to the fundamentals of organic
chemistry, with subsequent cycles used to mandate the learner to recall and relearn the topics leamed
(O’ Dwyer & Childs, 2014). The spiral curriculum was implemented with a combination of meaningful
learning and€@pplication of the Ausubel assimilation theory (Grove & Lowery Bretz, 2012). The 1-2-1
curriculum §fi designed to ensure the successful implementation of organic chemistry learning, in
learning of General Chemistry I, Organic Chemistry I and II, and General Chemistry II. This was
different from the past, where Organic Chemistry was taught after General Chemistry [ and II
(Provencher et al., 2020)

The other reorganized curriculum in organic chemistry is associated with language, such as
specific reaction which invfglves electron-pushing (Galloway et al., 2017). The modified curriculum was
carried out by focusing on the [lterrelationships of organic reaction, mechanisms, and emphasis on the
core concepts. These include the interconnectedness of topics, promoting analogical reasoning, first
principles, and the logical hierarchy of topics (Lipton, 2020). This was followed by moditying the
curriculum applied in the real world of the organic tlffffry, by combining the theory and practice
(Yunshen Zhang, 2017), and implementing OCLUE (Organic Chemistry, Life, the Universe, and
Everything). It also involves the organic content, accompanied by the real-world application (Cooper et
al., 2019). The last is the process of modifying the organic chemistry curriculum by incorporating the
theme of green chemistry in every organic matter (Holme et al., 2020).

The learning activity is the core of an educational process, however, teachers find it difficult to
improve the course quality with the application of new strategies in solving the problems of student
difficulties in mastering concepts or improving their way of thinking (Austin et al., 2015; Ealy, 2018;
McClary & Bretz, 2012; O’Dwyer & Childs, 2017; Raker et al., 2013). O’Dwyer and Childs (2017)
reported that learning modified in organic chemistry started by exploring teachers’ and students’
perceptions of the difficulty associated with teaching and learning the course. It also focused on
alternative conceptions from students (McClary & Bretz, 2012). The lecturers interrogate students'
abilities in content complexity. They are also assessed to determine their cognitive skill in organic
chemistry in accordance with their organic nomenclature, bonding, mechanism, reagents or products,
synthesis, etc (Raker et al., 2013). Austin et al. (2015), applied general chemistry as the basic matter,
with the terminal objects (TOs) used to describe students' abilities (Ealy, 2018; Betancourt-Pérez et al.,
2020).

Organic chemistry is a difficult course, comprises of causal mechanistic arrows used to substitute
the reaction or nucleophilic attack, which is the simplest type of organic reaction (Crandell et al., 2020).
Moreover, high order thinking is needed in solving the problem reaction mechanisms and chemical
principles (Flynn, 2014). It is also associated with the topic of organic chemistry that requires
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memorization, which is solved with argumentation activities and used to minimize student difficulties
(Pabuccu & Erduran, 2017). Kaanklao and Suwathanpornkul (2020) stated that the difficult concept
associated with learning organic chemistry makes students have misconceptions on the subject of
organic chemistry, with Posner's approach.

The other problem associated with learning organic chemistry is the abstract matter, which can
be solved using analogy approaches (Samara, 2016) with students' guided by lecturers to master the
connection and determine the differences between the class and real-world theories. Bhattacharyya &
Bodner (2014) stated that students are guided to practice organic theory in the laboratory, with the
frequent use of the scaffolding information. Students' self-confidence increases by solving the problems
of organic chemistry from easier to more difficult (Angelini & Gasbarri, 2018).

The lecturers also tried to improve their course quality using the Topic-Specific Pedagogy Content
Knowledge (TSPCK), Content Knowledge (CK) (Davidowitz & Potgieter, 2016), and process-oriented
guided inquiry learning (POGIL) (Carneiroet al., 2016). Therefore, they provided an alternative method
for students in a group activity to enjoy learning organic chemistry by using the card game and puzzles
(Bell et al., 2020).

Students' mastery of concepts, such as learning organic chemistry, is also needed to improve their
synthesis skills and solved the problem of organic compound synthesis (Flynn, 2014). Furthermore, the
problem-solving scaffold approach developed by (Bodé & Flynn, 2016; Sloop et al., 2016), as well as
the building framework for improving student mechanistic reasoning in organic chemistry (Caspari et
al., 2018). was used to improve their problem solving skills and problem-solving of thinking (Stowe &
Cooper, 2017). Timofte and Popus (2019) stated that critical and systems thinking skills were used to
seek and correlate students' knowledge of chemistry (Horowitz et al., 2013),

The majority of lecturers tried to modify learning activity in their organic chemistry course by
applying teaching models, such as SRL (Self-Regulated Leaming). The metacognitive strategies or self-
monitoring and thinking management of students were also used to solve problems related to @ ganic
chemistry (Lopez et al., 2013). Canelas et al. (2017) used cooperative leamning, including inquiry,
analysis, critical thinking, and the basic principles of scientific reasoning, with collaborative,
cooperative, and problem-based learning (Crimmins & Midkift, 2017). PBL (Problem Based Learning)
(Al-Salihi & Alobaidi, 2018), and the creative method with chemical structure teaching (CST) method,
were used to build critical and logical thinking abilities of students. The learning started from the
compound structure, followed by students analyzing the properties, which was finally verified by the
textbook (Zheng et al., 2020).

The popular model applied several years ago in organic chemistry is the flipped classroom, which
is guided by the lecturer for engaging activities and problem-solving (Fautch, 2015). The content
learning carried out in the home is applied to build active learning (Cormier & Voisard, 2018; Rocabado
et al., 2019) with Bridge activity acting as a transition from pre-class preparation to in-class learning
(Stewart & Dake, 2019) to enable students to be more active and focus (Broman & Johnels, 2019).
Currently, technology is not only used in industry, rather it is also utilized to evaluate students’ activities
at home. In addition, technology is also used by lecturers to teach students organic chemistry based on
the use of concrete models to directly describe the molecule structure, represented with 3D (Stull et al.,
2012) and learning reaction mechanism concepts used in the Simple Explicit Animation (SEA) (Talib
et al., 2012). The computer technology also provides animation media such as interactive computer
visualization (ICEp. Roger Frost organic animation package (Ngozi-Olehi et al., 2018) and the game
media by using a card game designed to help students understand the substitution and elimination
reactions of alkyl halides, named CHEMCompete (Camarca et al., 2019).

Other techniques used in learning organic chemistry is software by the screen-capture with
program Panopto developed by Dangelo (2014), Chem Office, Hyperchem, and Gaussian 03 (Wang,
2016). Blended learning was also applied in learning organic chemistry by designing inverted teaching
(IT), which enabled students to proceed with the learning concept at home by watching videos
(Christiansen, 2014). The internet enables students to take advantage of online media with computing
technology. designed as automatic vehicles on the organic concept, and make it systematic (Fellicious,
2018). Furthermore, it is used to predict organic compound products without prior practice in the
laboratory, such as the use of artificial intelligence (Peiretti & Brunel, 2018).
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Learning organic used technology internet Web 2.@Qwith diverse techniques, services, and tools that
enable participants to carry out active collaboration in the creation of content, generation of knowledge
and sharing of information via online media (Romero et al., 2018).

CONCLUSION

Several techniques have been applied to solve the problemssociated with teaching and learning
organic chemistry courses. The results showed that most studies in organic chemistry courses focused
on improving students' concept, understanding, and thinking abilities. Therefore, little application of
technology and curriculum modification is still needed in the innovation of organic chemistry courses,
especially in applying technology.
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