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 Organic Chemistry is one of the difficult subjects, 

especially in reaction and strechochemical mechanisms. 

One effort to reduce it is to utilize teaching materials. This 

study aims to develop organic chemistry teaching materials 

on free radical reaction material in the form of 

constructivism-based student worksheets (LKM). The 

research method used research and development research 

design with a 4D development model which consists of the 

stages of define, design, development, and disseminate. 

Development of LKM was assessed based on validity 

criteria and limited trials. The validity of LKM was 

achieved and assessed by three validators. Limited trials 

were conducted for the 6th semester students of the 

chemical education study program totaling 15 people and 

also three organic chemistry lecturers to see the 

appropriateness of developed LKM from the lecturers' 

perspective. The overall LKM results of its validity showed 

that the LKM has 95.05% valid. The results of limited trials 

based on the responses of students and lecturers each 

obtained a percentage of 84.02% and 87.22%, respectively. 

Based on the results of validation and limited testing of 

constructivism-based LKM on the material of free radical 

reaction developed it is included in the category of valid 

and can be used in the learning process. 
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1. Introduction 

 

The education process is part of national policy that should not be ignored. 

Therefore, the implementation of education in both the macro and micro domains 

needs to be renewed and improved so that the quality of education can be 

improved gradually and continuously. Some efforts made by the government to 
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improve the quality of education, one of which is by implementing curriculum 

improvements and changes. The government has made improvements and renewal 

of the curriculum that requires changes in the field of education, which is based 

on Presidential Regulation No. 8 of 2012 concerning the IQF (Indonesian 

National Qualification Framework). In addition, the rapid development of current 

science demands that schools begin to instill high-level thinking skills (HOTS) in 

students to meet the demands of the 21st century (Yennita et al., 2018) 

 

Chemistry is one branch of IPA that studies the composition, composition, 

structure, properties, and changes in matter, as well as changes in energy that 

accompany changes in matter. In chemistry there are two understandings that 

must be mastered, namely conceptual understanding and algorithmic 

understanding. Conceptual understanding is an understanding related to concepts, 

namely abstract concepts and basic theories of science and algorithmic 

understanding is an understanding of procedures or a series of rules involving 

mathematical calculations to solve a problem (Robby et al., 2013). Organic 

chemistry is one of the fields of chemistry that studies the structure, properties, 

composition of a compound, reaction, and synthesis of organic compounds. 

Organic chemistry courses are compulsory subjects for students in chemistry 

education study programs, with integrated 4 credits where 1 credits are practicum 

and 3 credits theory. In the last three years, the team of organic chemistry subjects 

have tried to carry out the lecture process by involving students directly to obtain 

various information about the scope of lecture material. In the lecture process the 

lecturer has applied the method of presentation, question and answer and 

discussion of questions. The strategies that have been implemented are effective 

enough to activate students, but student learning outcomes are still not as 

expected. This is supported by learning outcomes for organic chemistry courses 

which are still far from expectations. 

 

The results of interviews with students stated that organic chemistry courses are 

difficult subjects. The concepts of organic chemistry is abstract and the many sets 

of reaction mechanisms that must be understood make students less motivated in 

learning. Generally, the organic course become a subject that some students are 

fear. In addition, organic chemical material is abstract, especially in the 

mechanism of reaction and stereochemistry in free radical material, requiring 

students to be able to think critically and creatively in order to understand it. This 

is in line with the results of research by Robby, et al., (2013) that reported in 

general students have difficulty in solving problems involving chemical reactions 

and chemical calculations. O ’Dwyer (2017) also reports that organic chemistry 

has been identified as difficult material by students in previous research mainly on 

the topic of reaction mechanisms. 

 

Based on existing problems, one of the efforts that can be done is by utilizing 

teaching materials. The use of teaching materials must be improved in line with 

the development of the curriculum. Quality teaching materials must be able to 

present teaching material in accordance with the demands of the curriculum, 

follow the development of science and technology, and be able to bridge learning 

so that the established competencies can be achieved (Situmorang, 2013). In 
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addition, learning innovations as outlined in teaching materials are very important 

so that they can provide better learning outcomes and improve the quality of 

graduates in filling jobs. 

 

Student Worksheets are one of the teaching materials designed to facilitate 

students when understanding learning material (Kolomuc et al., 2012). LKMs are 

made with designs in accordance with the material and needs of students, besides 

that the LKM is a tool used by lecturers in assisting the acquisition of knowledge 

during the learning process. The effort that can be done is to develop 

constructivism-based LKM. According to Von Glasersfeld, constructivism is a 

philosophy of knowledge that emphasizes that our knowledge is our own 

construction (Michael et al., 2018; Nilgün et al., 2011). Knowledge is not an 

imitation of reality. Knowledge is always the result of a cognitive construction of 

reality through one's activities. 

 

A LKM must fulfill certain conditions in order to become good quality LKMs. 

Student Worksheet requirements that must be met at least the following 

requirements (Widjajanti, 2008): 

a. Didactic conditions, governing the use of LKMs that are universal and can 

be used well for students who are slow or smart. LKMs emphasize the 

process of finding concepts and most importantly in LKMs there are 

variations in stimulus through various media and student activities 

b. Terms of construction, are the conditions relating to the use of language, 

sentence structure, vocabulary, level of difficulty, and clarity, which in 

essence must be effective in the sense that it can be understood by the user 

c. Technical requirements, emphasizing writing, drawing, and appearance in 

LKM 

 

Learning with the constructivism approach includes four stages. According to 

Horsley, they are the stage of apperception (expressing the initial conception and 

generating motivation to learn), the exploration stage (investigating and 

discovering concepts through collecting, organizing, and interpreting data), 

discussion stages and conceptual explanations (discussing and finding solutions 

based on observations done), the development stage and the application of the 

concept (applying conceptual understanding obtained by solving fairly complex 

problems and questions) (Yunus, 2010). 

 

The principles of constructivism in learning are knowledge built by students with 

the activity process in constructing knowledge so that the concepts that are owned 

are more complete. One of the abilities that must be possessed by students is the 

ability to construct knowledge information, if students do not have the ability to 

construct knowledge information properly, students cannot connect the 

information so that they cannot provide conclusions and take advantage of the 

information. In applying the constructivism approach, learning is a process of 

forming knowledge. Students must actively carry out activities, actively think, 

develop concepts, and give meaning to things that are being studied. 
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At present, there are many studies on the use of constructivism approaches to 

learning. Research conducted by Natasa (2016) on photosynthetic learning with a 

constructivism model shows better learning outcomes after applied it. 

Constructivism helps to improve the quality of knowledge acquired by students. 

Furthermore, research on the influence of social constructivist approaches to 

problem solving and cognitive levels of students shows that social constructivist 

approaches have a positive effect on problem solving and cognitive levels (Bay et 

al., 2012). Subsequently, the research by Supiati, et al. (2013) shows that using 

constructivist based LKM, it has helped students build their own knowledge and 

practice science process skills. 

 

The purpose of this study was to develop Constructivism-based Student 

Worksheets on free radical correction material for organic chemistry courses. 

Constructivism-based LKM developed are expected to be able to motivate 

students to study independently so that lectures will be more effective and 

efficient and are expected to guide students to build their own knowledge. 

 

 

2. Methodology 

 

The type of this research was a research and development (R&D) study. It used a 4-

D development model consisting of four stages, namely Define, Design, Develop, 

and Disseminate or adapted to 4-P, namely defining, designing, developing, and 

distributing. The research was only carried out until the development stage because 

the research objectives are limited to developing and producing teaching materials in 

the form of valid LKM based on validator assessments. 

 

This research was conducted at Chemical Education Study Program, University of 

Riau from October 2017 to March 2018. The validation data was obtained from the 

limited trials. The instrument of data collection consisted of a validation sheet and 

questionnaire in the form of a questionnaire. The validation sheet was aimed to 

assess the developed product for the criteria content: eligibility, presentation, 

graphics, language and aspects of constructivism. The data analysis technique used 

descriptive analysis techniques using formulas (Abdul, 2013): 

            
 

 
       

P: percentage (%), n: number of obtained score, N: total score 

 

To find out the feasibility of LKMs that have been developed, the validation 

results were adjusted to the scoring analysis criteria as in table 1. 

 

Table 1. Eligibility Criteria Percentage Analysis (Sukmadinata, 2002) 

Percentage Remark 

80,00 – 100 Good/Valid/ Worthy 

60,00 –79,99 Fairly Good / Fairly Valid / Fairly Worthy 

50,00 – 59,99 Less Good / Less Valid / Less Worthy 

0 - 49,99 Not good (Rejected) 
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The revised LKM according to the validator's recommendations were tested in a 

limited manner. Limited testing was conducted on students and lecturers. In this 

case the student gave an assessment by filling out the given questionnaire. The 

sample in the limited trial consisted of 15 students in semester 6 of 2017/2018 

academic year chemistry education. The developed LKM were also analyzed 

based on the response questionnaire given to three organic chemistry lecturers 

with scoring analysis criteria as in table 2. 

  

Table 2. Practical Percentage Criteria 

Level of Achievement (%) 

(%) 
Remark 

90 – 100 Very practice 

80 – 89 Practice 

65 – 79 Fairly practice 

55 – 64 Less practice 

0 – 54 Not practice 

 

 

3. Results and Discussion 

 

The results of this study include: (1) results of validation of constructivism-based 

LKM, (2) Limited trial results. The results of the development research are 

presented for the products in the form of constructivism-based Student 

Worksheets on free radical reaction material. The stages of LKM development are 

as follows. 

 

Define phase 

 

The results of defining of the Organic Chemistry II course at the FKIP University 

of Riau was obtained form the Organic Chemistry curriculum and syllabus which 

will be used as guidelines for developing Student Worksheets. The results of the 

front end analysis are the limited number of Student Worksheets that can facilitate 

students in understanding the concepts of free radical reactions and supporting 

problem solving abilities. In addition, the results of student analysis show that 

students are still passive in learning, still unable to reason well and are not 

accustomed to high-level thinking, especially in understanding abstract concepts. 

 

Task analysis is a collection of procedures for the development of free radical 

matter. The development of free radical reaction material is based on competency 

achievements that refer to the syllabus. The results of task analysis produce 

several results of analysis including: Content structure analysis, procedural 

analysis and information processing analysis. 

 

The results of the content structure analysis are the content analysis of the 

curriculum based on the material developed, namely free radical reaction material. 

The development of free radical reaction material is based on the achievement of 

basic competencies. The results of procedural analysis are the stages of 

completing the tasks used in the LKM. The stages used are exploration, discussion 
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and explanation of concepts and the development and application of concepts. 

Information Processing Analysis Results are Learning Plans. 

 

Design Stage 

 

The results of the design phase produce the initial design of the LKM and the 

LKM validation sheet. 

 

The initial design of constructivism-based LKM on free radical reaction material 

is as follows: Formulation of learning objectives in free radical reaction material, 

and the design of the developed LKM includes a structure that is in accordance 

with the guidelines for developing teaching materials, namely: 

1. Title 

The title of the LKM can be seen in table 3 

 

Table 3. Title of LKM 1, LKM 2, and LKM 3 

Type of LKM Title 

Title LKM 1 

Free Radical Reactions 

"The reaction of free radical substitution in Alkana 

Formation of Free Radicals Mechanisms of Free 

Radical Reaction, Hydrogen Abstraction” 

Title LKM 2 

Free Radical Reactions 

"Stereochemistry Halogenation of Free Radicals, 

Relative Halogen Reactivity, Chlorination and 

Brominating" 

Title LKM 3 
Free Radical Reactions 

"Other Free Radical Reactions, Initiators, Inhibitors" 

 

2. Learning Instructions 

Learning instructions are on the first page of the LKM. The learning instruction 

are based on the topics that will be learned in the LKM. The learning Instruction 

is important in order to make student easy searching and doing all the LKM 

topics. 

 

3. Preparation of LKM material 

LKM material is based on the Learning Plan and is prepared using several sources 

and literature. 

 

4. Student activities in the LKM 

Student activities in LKM use a constructivism approach with stages of 

exploration, discussion and explanation of concepts, as well as the development 

and application of concepts. 

 

Development Stage 

 

The development phase aims to produce a revised competency-based Student 

Worksheet based on input from experts. 
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The validation of LKM covers assessing of five aspects, namely aspects of the 

feasibility of content, language, presentation, graphics, and constructivism. 

Validation was carried out by three expert of lecturers to assess the five aspects of 

feasibility of the LKM. Validation results from experts were used to revise the 

student worksheets that had been developed. The results of the validation of the 

five aspects of the feasibility of can be seen in Table 4. 

 

Table 4 shows the results of the validation regarding the feasibility of LKM that 

have been developed based on aspects of feasibility of content, language, 

presentation, graphics, and constructivism. Aspects of content Feasibility have 7 

components of assessment that aim to assess the accuracy of the concept of free 

radical material in LKM. The average score of the content feasibility aspect is 

95.24%, meaning that the concept in the LKM is in accordance with the learning 

objectives. 

 

Table 4 Results of MFI validation 

No Indikator 

Score 

validator 

1 

Score 

Validator 

2 

Score 

validator 3 

Content Aspect  

1 LKM is in accordance with Learning 

Objectives and Indicators 
4 4 4 

2 LKM is in accordance with student 

abilities 
4 4 4 

3 LKM contain concepts related to 

everyday life 
4 3 4 

4 LKM is in accordance with the 

substance of the Free Radical Reaction 

material 

4 4 4 

5 LKM is directing students to develop 

concepts 
3 4 4 

6 LKM can lead students to discuss and 

communicate their opinions and work 

results 

3 4 4 

7 LKM can lead students to solve 

questions according to the 

understanding and analysis they have 

learned 

3 4 4 

Percentage 89,29% 96,43% 100% 

Average percentage 95,24% 

Feasibility of Presentation 

8 Completeness of the format of the 

LKM (Title, Instructions for learning, 

Learning Objectives to be achieved, 

Material, constructivism stages, 

Questions, Conclusions, assessments) 

4 4 4 

9 LKM provides sufficient space to give 

students the breadth to write and 

describe the things students want to 

convey 

4 4 4 

10 LKM already have coherent 

systematics 
4 4 4 

11 LKM can motivate students to learn 4 4 3 
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Percentage 100% 100% 93,75% 

Average Percentage 97,92% 

Feasibility of Language 

12 LKMs have easy-to-understand 

information 
4 4 4 

13 LKM are in accordance with the 

standard Indonesian language rules 
4 4 3 

14 LKM use clear sentence structures 4 4 3 

15 LKM use language according to the 

level of ability of students 
4 4 4 

16 LKM consistent in the use of terms and 

abbreviations 
4 4 4 

Percentage 100% 100% 90% 

Average Percentage 96,67% 

Feasibility of Graphical 

17 LKM use good and interesting types 

and font sizes 
4 4 4 

18 LKM has good in layout 4 4 3 

19 LKM has good illustrations / pictures / 

photos and are related to concepts 
4 4 3 

20 LKMs have attractive display designs 4 4 3 

Persentase 100% 100% 81,25% 

Persentase  rata-rata 93,75% 

Feasibility of Constructivism 

 

The presentation feasibility aspect has 4 components of assessment that aim to 

assess the quality of presentation in the LKM both the LKM format and the 

systematic stages of the LKM with a percentage of feasibility value of 97.92%. 

From the assessment, it can be concluded that LKM that are designed in 

accordance with the general format of LKM have a systematic process that both 

the writing and translation of the material and LKM. It can motivate students 

because the LKM contains constructivism stages that help find concepts and solve 

problems systematically. 

21 The material in an LKM is 

construction of knowledge and not 

a process of receiving knowledge 

3 4 4 

22 LKM utilize the students initial 

knowledge to build knowledge 

about free radicals 

4 3 4 

23 LKM can facilitate students to carry 

out learning activities to gain 

knowledge about free radicals. 

4 4 4 

24 The LKM requires students to be 

active in conducting various 

learning activities. Aim to build 

students' own knowledge of free 

radicals 

4 4 3 

25 The LKM invites students to build 

their own new knowledge about 

free radicals by making connections 

between experience or knowledge 

that has been acquired 

3 3 4 

Percentage 90% 90% 95% 

Average Percentage 91,67% 

Average Percentage for all 95,05% 
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Language feasibility aspects have 5 components of assessment that is to assess the 

level of readability of LKM. The average score of the language aspect assessment 

is 96.67% so it can be concluded that the language used in the LKM is in 

accordance with the standard Indonesian language rules, the level of student 

ability, and easy to understand. 

 

The graphic aspect consists of 4 assessment components to assess the LKM 

layout, writing, image and design. From the assessment, the results show that the 

design of the LKM has been good in terms of fonts, layouts and image 

illustrations with a percentage of feasibility value of 93.75%. Constructivism 

aspects have 5 components of assessment to determine the suitability of LKM 

with constructivism characteristics in learning with the percentage value obtained 

91.67%, so it can be concluded that the LKM designed are in accordance with the 

characteristics of constructivism. 

 

The average percentage of the results of the validation of 5 aspects of the LKM 

component as a whole is 95.05% and is included in the criteria of valid to use. The 

average score for the five aspects of the LKM feasibility can be seen in table 5. 

 

The validated constructivism-based LKMs are revised according to the 

suggestions and input provided by the validator so that a final LKM is produced. 

Cover of the LKM developed can be seen in Figure 1. 

 

Table 5 Recap of MFI validation scores 

 

A limited trial was conducted on 15 random students of 6
th

 semester of Chemistry 

Education at the University of Riau. The data obtained in the form of student 

responses to constructivism-based LKM developed in the form of questionnaires 

filling student responses to the practicality of LKM include aspects of the display, 

presentation of material and benefits. The results of the assessment are used as 

input to revise teaching materials. There are 17 assessment points tested on LKM 

that were developed with the percentage of average ratings obtained at 84.02% 

which fall into the good category. 

 

 

 

 

No 
Assessment 

Aspect 

Average 

score 

Validator 

1 

Average 

score 

Validator 

2 

Average 

score 

Validator 

3 

Average 

score  

Remark 

1 Content 89,29% 96,43% 100% 95,24% Valid 

2 Presentation 100% 100% 93,75% 97,92% Valid 

3 Langguage 100% 100% 90% 96,67% Valid 

4 Graphic 100% 100% 81,25% 93,75% Valid 

5 Constructivisme 90% 90% 95% 91,67% Valid 

Average 95,05% Valid 
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Figure 1. Cover of the developed LKM 

 

Lecturer response questionnaires are used to find out the benefits of LKM usage. 

Information on usage data from constructivism-based LKM on the material of free 

radical reaction developed was obtained through lecturer response questionnaires. 

In this case, three Organic Chemistry lecturers were asked to provide responses to 

LKM based on the lecturer point of view by filling out a questionnaire consisting 

of 15 statement points. 

 

The results of the analysis of lecturer response questionnaire data obtained an 

average percentage rating of 87.22%. Based on the results of the lecturer response 

questionnaire analysis, it can be explained that constructivism-based LKM in the 

material of free radical reaction developed are good and can be applied to the 

learning process. 

 

 

4.     Conclusion 

 

The results of the study can be concluded as the following: The limited number of 

Student Worksheets can facilitate students in understanding the concept of free 

radical reactions so that LKM need to be developed that can facilitate students in 

learning. Based on the results of validation from experts on constructivism-based 

LKM on the material of free radical reaction developed, it is included in the 

category of good feasible to be used in learning activities. The results of a limited 

trial of constructivism-based LKM in the material of free radical reaction is 

included in the good category and can be used in learning activities. 
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