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ABSTRACT 

The use of teaching material developed from laboratory research is one way that can be done to improve students’ 

scientific literacy in accordance to the challenges of 21
st
 century learning. This research aimed to resolve the 

feasibility of the developed analytical chemistry module, to improve students’ scientific literacy, and the student’s 

response to the use of the module in the analytical chemistry course. The module was developed using the 4D type of 

Research and Development method, i.e., Define, Design, Develop, and Disseminate. The quality of module was 

determined by an expert validation test. The scientific literacy was measured by a pre-test and post-test with essay 

questions. Relied on the results of expert validation, the module results on the content eligibility aspect of 92%, the 

presentation feasibility aspect of 85%, the language assessment aspect of 88.3%, the graphic assessment aspect of 

83.3%, and overall results of 87.5% with a very good category. The averages of pre-test and post-test scores were 

28.67 and 82.74. Based on the results of the hypothesis test, it was concluded that there was an increase in students’ 

scientific literacy by using a module in the analytical chemistry course. The students’ response to the use of the 

module in learning activities was 82.00% with a very good category and the assessment of the module was 86.17% 

with a very good category. 
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1. INTRODUCTION 

Analytical chemistry is a compulsory subject in the 

Chemical Education Study Program, University of 

Bengkulu. Analytical chemistry course has 2 credits 

subject and taught to fourth-semester students. As part 

of the chemistry discipline, analytical chemistry is 

considered difficult to understand conceptually. One of 

the concepts in the analytical chemistry syllabus is to 

elaborate on the concept about the principle of chemical 

compound analysis using molecular Ultraviolet-Visible 

Spectroscopy and how to apply them in everyday life. 

For this purpose, the UV-Vis Spectrophotometry 

analysis can be developed in teaching material. The 

learning module is one of the applied teaching materials. 

It is completely needed by students as a reference or a 

learning standard in the classroom or self-learning, 

therefore it overcomes the delayed understanding of 

students to comprehend the learning concept compared 

to the classmates. Some previous studies in the use of a 

module in learning show that the use of a module can 

improve scientific literacy skills [1]. This learning 

module is about the analysis of impurity elements in 

lubricating oils and beef due to the result of frequent 

counterfeiting. A good education and also wise attitude 

are strongly needed to determine the quality of human 

resources.  

The 21
st
 century learning integrates literacy, 

knowledge, skills, attitudes, and technology expertise. 

Improving students’ skills related to the concept of 

chemistry and its function has a close link to the 

improvement of scientific literacy. This approach 

involves social issues that require scientific concept 

components in decision making and to overcome in 
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problem-solving [2]. One of learning scientific literacy 

can be conducted through laboratory research because it 

is an integral part of teaching and learning activity. A 

previous study shows that inquiry-based laboratory 

activity can improve scientific literacy [3]. According to 

the results of interviewing some chemical education 

students of analytical chemistry course, it states that the 

stimuli and indicators to improve scientific literacy have 

not been implemented. Scientific literacy is a 

compulsory skill for students. It must be improved so 

they can adapt to future technological developments. 

The material that can be developed in a learning 

module to improve students’ scientific literacy is the 

analysis of impurity elements or compounds in 

lubricating oils and beef by the UV-Vis 

spectrophotometry method. Lubricating oils are used in 

vehicle engines, where the efficiency and effectiveness 

of vehicle engine performance are strongly affected by 

the condition of lubricating oils used [4]. These 

lubricating oils can be renewed for a long period. 

Similar to lubricating oil, the high price of beef is the 

reason for the increasing prevalence of counterfeiting 

and mixes the beef with other cheaper materials. Relied 

on the description above, researchers are interested in 

developing an analytical chemistry module based on 

laboratory research to improve students’ scientific 

literacy on UV-Vis Spectrophotometry and its uses on 

analysis of impurity elements in some samples. In this 

research, the UV-Vis Spectrophotometry analysis was 

implemented to analyse impurity elements in lubricating 

oils and beef.  

2. RESEARCH METHODS 

The study was conducted in the Analytical 

Chemistry course to the fourth-semester students of 

Chemistry Education, University of Bengkulu. The type 

of study was a 4D model of Research and Development 

(R and D) method that consist of Define, Design, 

Develop, and Disseminate. The module writing content 

was a process of preparing learning material. It was 

arranged systematically until accessible by students in 

the learning process. This research used modified Borg 

& Gall’s combined with Thiagarajan 4D research and 

development model [5, 6]. 

Define stage was an initial analysis. It was 

conducted to collect information and needs in the study 

process. Module needs analysis was conducted to 

identify and to determine the developed module. The 

initial analysis included syllabus analysis, student 

characteristics analysis through students’ interviews and 

material analysis. This module needs analysis must 

emphasize on learning material. The learning material 

developed in this study was applied to the Analytical 

Chemistry course. 

After conducting the analysis, it is needed to do 

research about science literacy to fourth-semester 

students in Chemical Education study program. This 

study was conducted by developing a learning module 

on UV-Vis spectrophotometry material. Laboratory 

experimental research on UV-Vis spectrophotometry 

and its uses in the analysis of impurity elements in 

lubricating oils and beef was conducted to support the 

learning material. 

At the design stage, the learning module was drafted. 

The module design was adjusted with the competence 

and achieved scientific literacy indicator in analytical 

chemistry syllabus and based on the analysis result of 

impurity elements by UV-Vis spectrophotometry in the 

laboratory. 

At the design stage, either it was designed some 

instruments of the study such as module validation 

instrument, item validation instrument, a rubric of 

scientific literacy skill, or student response instrument. 

At the develop stage, the expert validation trial was 

conducted on the module and test items. Module 

validation is assessed at a minimum by 3 professional 

judgments (expert judgment) of certified professionals 

[7]. The feasibility test result was used as a reference to 

do improvement of the teaching materials and test items. 

At this stage, it was also conducted a small-scale test for 

the analytical chemistry course to determine validity, 

reliability, level of difficulty, and discrimination power. 

At the disseminate stage, an analytical chemistry 

module was conducted to determine the effect of the 

module used on students’ scientific literacy. The trial 

was conducted on the fourth-semester students of the 

Chemical Education study program, analytical 

chemistry course on UV-Vis Spectrophotometry and its 

use for the analysis of impurity elements. The test was 

one group pre-test – post-test. The effect of the use of 

the module on students’ scientific literacy was showed 

from the results of the pre-test and post-test on the 

indicators of scientific literacy. 

3. RESULTS AND DISCUSSION 

3.1. Define 

In the define stage, an initial analysis was conducted 

to collect the information and needs in the development 

research process. The analysis stage involved syllabus 

analysis, student characteristics analysis through 

students’ interviews and material analysis. Based on the 

review result, it was showed that the analytical 

chemistry course required the development of teaching 

materials to meet the challenges of 21
st
 century learning, 

one of them was to integrate scientific literacy skills. 

The module material was obtained from laboratory 

experimental research on UV-Vis spectrophotometry 

and its use for the analysis of impurity elements. 
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Module development was used to improve students’ 

scientific literacy. 

3.2. Design 

The result of the product design and analytical 

chemistry module draft was developed by containing 

some components in the design stage. The components 

contained the initial part, module content, conclusion, 

evaluation question, bibliography, stimulus list of 

scientific literacy, and glossary. The module design was 

arranged following the indicator needs and achieved 

competencies. 

The first part of the module consists of a cover (front 

page), preface, table of contents, list of tables, and list of 

images. The front page had an attractive design and 

presented a good viewpoint. The front page as an initial 

attraction could interest student to learn. The contents 

are described using instruction, competency standards, 

learning objectives, concept maps, concept mastery 

checklists, and material description. The material 

description was the definition and working principle of 

UV-Vis spectrophotometry, sample measurement 

requirements, types of UV-Vis spectrophotometry, parts 

and functions of UV-Vis spectrophotometry, standard 

operational procedures in using UV-Vis 

spectrophotometer, analysis of impurity elements in 

lubricating oils and beef that provided with stimuli to 

improve students’ scientific literacy [8, 9]. In the end, 

there was a conclusion from the description of learning 

activities and was completed with evaluation questions, 

bibliography, stimulus list of students’ literacy, and 

glossary. 

3.3. Develop 

At the develop stage, the learning module and test 

items validation were tested. This validation aimed to 

determine the feasibility of the module and items based 

on the assessment of 3 lecturers as the appraisal expert. 

The results of the assessment by the validators can be 

seen in the Table 1. 

Table 1. Module validation test results 

Assessment Components Percentage Category 

The content eligibility 92% Valid 

The presentation feasibility 85% Valid 

The language assessment 88.3% Valid 

The graphic assessment 88.3% Valid 

Total percentage  87.5% Valid 

Based on Table 1, it was concluded that the 

developed analytical chemistry module based on all 

assessment components were categorized as valid or 

suitable as teaching material and could be tested in the 

analytical chemistry course. The module assessment 

results are stated as valid or feasible as we obtained a 

percentage of eligibility results more than 70% [10]. 

The results of the item validation based on expert 

judgment can be seen in the Table 2. Based on Table 2, 

the results of the item validation consisting of 5 

questions were as the category of feasible (valid) and 

could be tested on a small scale in analytical chemistry 

course. This trial was conducted aiming to obtain the 

validity of the items, reliability, level of difficulty, and 

discrimination power. The results of the small-scale 

trials are stated in Table 3. 

Table 2. Item Validation Results 

Items Validator Assessment 

Percentage 

Criteria 

V1 V2 V3 

1 4 4 4 80% Valid 

2 4 4 5 86.7% Valid 

3 3 4 5 80% Valid 

4 5 4 4 86.7% Valid 

5 5 4 5 93.3% Valid 

Total Percentage  85.3% Valid 

  

Table 3. The result of validity of the items, reliability, 

level of difficulty, and the discrimination power (DP) 

Items DP (%) 
Level of 

Difficulty 
Correlation 

Correlation 

Sign 

1 62.50 Medium 0.747 Very Significant 

2 87.50 Medium 0.690 Significant 

3 50.00 Medium 0.606 Significant 

4 60.00 Medium 0.626 Significant 

5 50.00 Medium 0.817 Very Significant 

Mean 
=15.07 

Standard 

Deviation 
=3.20 

Correlation 

XY 
= 0.68 

Reliability 
Test = 0.81 

Total Subject 
= 15 

  

Based on the Table 3 at the validity test item, it was 

found that 2 items number 1 and 5 were stated as very 

significant, which indicated both questions had a high 

correlation to the total score. Item number 2, 3, and 4 

were stated as significant. It showed that all three items 

had a fairly correlation to the total score. At the level of 

difficulty test of the five items, it showed as a medium 

category. At the power discrimination, it showed 

questions number 1, 3, 4, and 5 as good categories while 

item number 2 was a very good category. The reliability 

score was 0.81 and had a very high level of reliability. 

Based on all the test results obtained, it was concluded 

that all the questions were appropriate to be used by 

students to improve their scientific literacy. 

3.4. Disseminate 

Finally, at the stage of disseminate, the module was 

tested on the 30 students of the Chemical Education 

study program. The items tested were based on the 

seven indicators of students’ scientific literacy, namely 

(1) identifying valid scientific opinions, (2) conducting 
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effective literature searches, (3) understanding elements 

in research design, (4) making graphs from data, (5) 

solving problems using quantitative skill, including 

statistics, (6) understanding and interpreting statistics, 

(7) making inferences, predictions, and conclusions 

based on quantitative data. The result of the pre-test and 

post-test scores measurement in each item can be seen 

in the Figure 1. 

  
Figure 1. Scores of pre-test and post-test 

Based on the results of the pre-test and post-test 

measurement in the Figure 1, it showed that the highest 

improvement was in indicator 5 with 91.33 as a post-test 

score, namely solving problems using quantitative 

skills, including basic statistics. It means the students 

were able to calculate the percentage of contaminants in 

the impurity elements of the sample in the item number 

5. This indicated that the module provided could 

stimulate students to achieve scientific literacy skills 

and the competencies of an analytical chemistry course 

achieved on UV-Vis spectrophotometry topic.  

The lowest indicator improvement of the post-test 

score was indicator 6 of 73.33. Indicator 6 was an 

indicator to understand and interpret basic statistics. 

From the score, it was stated that in this indicator some 

students had not been able to answer the question 

properly and correctly. It was because the stimulus 

provided to the module had not been comprehended and 

understood completely, even though the average score 

was as a fairly good category [11]. 

The post-test score of indicators 1, 2, 3, 4, and 7 

were not significantly different from indicator 5, as the 

result showed that the module provided have been 

adjusted and arranged in line with indicators of 

scientific literacy. The provided module was able to 

stimulate and improve students’ scientific literacy. This 

was indicated by the average post-test score where there 

was an improvement in students’ scientific literacy after 

treated with the UV-Vis spectrophotometry learning 

module [12]. 

The N-gain score of each item could be seen in the 

Figure 2. Figure 2 shows that the biggest improvement 

in N-gain on indicator 5 was 0.88 and the smallest N-

gain on indicator 4 was 0.67. Entirely the average N-

gain score was 0.76 as a high category. It means that the 

seven indicators have an effect on a significant increase. 

  

Figure 2. N-gain scores for each item 

Student learning response questionnaire was 

conducted to determine student learning responses in 

use of analytical chemistry module. In the student 

interest questionnaire, the ideal maximum score for each 

item is 4 and the ideal minimum score for each item is 

1. The results of the student response questionnaire are 

presented in table 4. 

Table 4. Results of Students’ Responses 

Students’ Responses Percentage Category 

Learning process with 

module 
82.00% Very Good 

Module used in learning 

process 
86.17% Very Good 

 

Based on Table 4, the results of the students’ 

questionnaire responses to the module have a range 

percentage of 81-100% with a very good category. This 

high percentage of students’ responses showed that the 

module was accepted by the students as teaching 

material for an analytical chemistry course on the UV-

Vis spectrophotometry topic, and its application for the 

analysis of impurity compounds in lubricating oils and 

beef. 

4. CONCLUSION 

In summary, the developed module gave an 

improvement on the content eligibility of 92%, the 

presentation feasibility of 85%, the language assessment 

of 88.3%, the graphic assessment of 83.3%, and the total 

score of 87.5% that lies in a very good category. The 

averages of pretest and posttest scores were 28.67 and 

82.74. Based on the results of the hypothesis test, it was 

concluded that there was an increase in students’ 

scientific literacy using a module in the analytical 

chemistry course. The student responses to the use of 

module in learning activities were 82.00% and the 

assessment of the module was 86.17%, both of them lies 

within the very good category. 
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