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Abstract: 21st century learning is required to be technology-based to balance the demands of the millennial era with the aim that students 
will become accustomed to 21st century life skills. The 21st century with the rapid development of information and technology also 
demands changes and adjustments in learning evaluation activities, one of which is based on computer-based tests ( CBT). This study aims 
to develop e-learning for General Chemistry courses on organic materials based on CBT and developed through the ADDIE model. This 
study produced a book and e-learning of General Chemistry on organic material based on a computer based test (CBT) and has been 
declared valid (appropriate) and proven effective to improve student HOTS achievement. The validity is met qualitatively based on the 
assessment of the expert validator and the effectiveness is met based on the implementation of CBT-based e-learning in organic learning 
as well as evidenced by the results of statistical hypothesis testing with a probability value of <0.05 with an average value of difference or 
increase in student HOTS of 40,167±11,099. 
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1. INTRODUCTION 
The development of modernization and globalization of the 
21st century has brought tremendous impact in all fields 
including education. Since the emergence of a global 
movement calling for new learning models for the 21st 
century, there has been a growing opinion that formal 
education must be changed. This change is important to bring 
up new forms of learning needed in overcoming complex 
global challenges. The changes in question are not related to 
changes in curriculum content, but changes in pedagogy, 
namely changes in acting from simple action to 
comprehensive action and the transition from traditional 
teaching to technology-based teaching [1]. 

21st century learning demands many things from a teacher or 
lecturer, especially those related to abilities and skills. In the 
first role, the teacher or lecturer prepares students to be able to 
have 21st century skills [2]. 21st century learning has the 
main goal of building students' learning abilities and 
supporting the development of students to become lifelong, 
active, independent learners. The demands of the 
professionalism of 21st century educators are not on the  

 

ability of educators to know and be proficient about 
everything, but educators have the expertise to find out 
together with their students, become role models of trust, 
openness, and perseverance to their students to face the 
realities of digital life in the 21st century [3].   

The 21st century is also called the industrial revolution era 4.0, 
which is the century of rapid development of science and 
technology that requires students to be able to adapt and follow 
these developments. The most important thing in 21st century 
education is to encourage students to have a deep knowledge 
base and understanding to be able to become life-long learners. 
Thus, the education system needs to consider a number of 
aspects that are domains in 21st century education [4]. 21st 
century learning is required to be technology-based to balance 
the demands of the millennial era with the aim that later 
students will become accustomed to 21st century life skills. 
Students living in the 21st century must master science, 
metacognitive skills, be able to think critically and creatively, 
and be able to communicate or collaborate effectively. 
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effectively, this situation illustrates the gap between 
expectations and reality [5]. 

Technological developments trigger the rapid development of e-
learning, various kinds of software or programs that have been 
provided for learning media that can be accessed at any time 
and any place [6]. E-learning is a distance learning model that 
plays a big role in education [7]. The term E-Learning is 
learning delivered using a computer via a CD-ROM, internet or 
intranet. E-learning or online is learning that uses learning 
resources through technology and other media [8]. 

E-learning is an option and solution for the implementation of 
learning in the digital era and since the Covid-19 pandemic, 
which requires students to continue learning from home by 
utilizing the internet network. Learning using e-Learning 
requires students to be more independent in learning, thus 
learning with e-learning can increase student activities. 
Learning with e-learning can also guide students to learn 
independently so that learning can shift from teacher-centered 
learning to student-centered learning [9]. 

E-learning has four characteristics, namely: a) utilizing 
electronic technology services; b) take advantage of the 
advantages of computers; c) using independent teaching 
materials; and d) using computers to store learning schedules, 
learning outcomes and matters relating to learning 
administration [10]. In addition to characteristics, e-learning 
also has benefits as a supplement (additional), as a complement 
(complementary) and as a substitute (substitute). 

In addition to the ability to develop the learning process, an 
educator, both teachers and lecturers, is required to have the 
ability to evaluate and assess student learning outcomes. The 
ability of educators in mastering evaluation techniques is 
indicated by their ability to design evaluation patterns, 
develop instruments, set goals, see the results obtained by 
students, and choose appropriate actions as an effort to follow 
up on evaluation and assessment results. Therefore, an 
educator, both teachers and lecturers, must be able to make 
the right evaluation media, because the evaluation media is 
very influential in increasing students' understanding and 
learning achievement. Conversely, if the evaluation media is 
not appropriate, there will be errors in measuring learning 
outcomes and student understanding. 

The 21st century, with the rapid development of information 
and technology, also demands changes and adjustments in 
evaluation activities which generally use paper and pencil 
based tests (PBT) which are now turning to computer based 
tests (CBT), namely evaluation or assessment activities using 
computer media and based online. managed by the server 
[11]. CBT is a test used to measure learning achievement 
using a computer [12], through internet access with 
assessments carried out automatically by a computer [13], so 
it does not require paper, pen or pencil to answer each 
question [14], student responses to the test can be stored and 
analyzed electronically and widely used [15]. 

The shift from paper-based learning evaluation to computers 
in order to reduce the weaknesses of paper-based learning 
evaluation, and to realize paperless in the current digital era 
must be done. This is because CBT has several advantages 
including being more time efficient in doing it, students do 
not need to use paper or pens, just sit quietly and answer the 
questions available on the computer [12], are allowed to take 
tests at the right time for participants, reduce time for the 
work of assessing tests and making written reports, 
eliminating logistical work such as distributing and storing 

tests using paper, test takers can immediately know the results 
[16]. CBT is also very helpful for educators in conducting 
diagnostic tests. It is easier for educators to prepare, process, 
and make academic policies for students [17]. 

Seeing the existing phenomena related to the development of 
modernization and globalization of the 21st century, the rapid 
development of information and technology and the Covid-19 
pandemic which still requires students to continue learning 
from home using the internet network, it is necessary to 
develop e-learning on CBT-based General Chemistry learning 
which is expected can support the implementation of an 
effective and efficient learning process. The development of 
CBT-based e-learning is expected to facilitate lecturers and 
students in the general chemistry learning process and is 
expected to assist lecturers in conducting diagnostic tests and 
in making academic policies for students. This study aims to 
describe the feasibility (validity) and effectiveness of CBT-
based e-learning developed in improving student learning 
outcomes in general chemistry learning organic chemistry. 

2. METHOD 
To answer research problems, the method used is a 
development method that refers to the ADDIE development 
model. The ADDIE development model uses 5 stages as the 
name implies, namely: Analysis, Design, Development, 
Implementation, and Evaluation [18]. The research procedure 
was carried out through stages, including: (a) Analysis, 
namely conducting analysis to collect information related to 
student needs and reviewing literature related to the product 
being developed; (b) Design, which is the stage carried out to 
identify goals and design e-learning for General Chemistry 
learning CBT-based organic chemistry that will be developed; 
(c) Development, is the stage to realize the design into a 
product that is ready to be implemented; (d) Implementation, 
namely implementing the developed product, namely e-
learning General Chemistry learning CBT-based organic 
chemistry; and (e) Evaluation, namely conducting an 
evaluation by analyzing the effectiveness of e-learning 
learning General Chemistry on CBT-based organic chemistry 
on the achievement of student learning outcomes.. 

 
Figure 1. ADDIE Development Model 

The techniques and instruments used in this study include (a) 
interviews used for data collection when conducting research 
as a preliminary study material to look for problems to be 
studied and used in product trials both at the time of 
validation to experts and product trials in the field as 
consideration in improving the teaching materials developed; 
(b) the validation sheet used to obtain data on the results of 
the expert's validation of the HOTS-based integrated media 
teaching materials developed to test their feasibility or 
validity; and (c) a test instrument designed to obtain data on 
students' higher order thinking skills. The test is structured 
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and developed according to the HOTS indicators including 
C4, C5 and C6. 

The data obtained in the form of qualitative and quantitative 
data. Qualitative data were obtained from the assessment, 
advice and input of media experts and material experts based 
on the expert validation sheet instrument. Quantitative data 
was obtained from the achievement of student test results 
through CBT-based tests on organic materials. The 
effectiveness and improvement of student learning outcomes 
were analyzed using a t-test with a paired sample t-test 
approach with the help of the SPSS program. 

3. RESEARCH RESULT 
The product developed in this study is e-learning on 
computer-based test (CBT) General Chemistry learning 
organic material. CBT-based e-learning is prepared and 
developed with the aim of facilitating lecturers and students in 
the learning process of General Chemistry on organic matter 
and is expected to assist lecturers in conducting diagnostic 
tests and in making academic policies for students. The 
products produced and have been declared feasible by expert 
validators are then applied to students to analyze the 
effectiveness of the products produced. 

 

 

 

 

 

Figure 2. E-Learning-Based General Chemistry Book 

3.1 Produk Feasibility 
The feasibility (validity) of CBT-based e-learning in the 
General Chemistry course, the Stoichiometry material 
developed was evaluated and assessed by expert validators 
based on the feasibility of the material and the feasibility of 
the media. 

Table 1. Validation results on material aspects 

Component Aspect 
Mean Score Total 

Mean 
Criteria 

I II 

E-Learning 

Contents 4.33 3.83 4.08 Valid 

Presentation 3.90 4.22 4.06 Valid 

Language 4.40 4.40 4.40 Valid 

Graphic 4.22 4.20 4.21 Valid 

Mean Total (E-Learning) 4.19 Valid 

CBT 

Contents 4.50 4.50 4.50 Valid 

Construct 4.00 4.50 4.25 Valid 

Language 4.67 4.33 4.50 Valid 

Mean Total (CBT) 4.42 Valid 
 

Table 1 shows the results of material expert validation on the 
e-learning component of General Chemistry learning, the 
average total score is 4.18 or is declared valid. In the CBT 

component, the average total score was 4.57 or declared valid. 
Overall, the results of the material expert validator's 
assessment concluded that the e-learning of General 
Chemistry learning organic material based on CBT was valid 
or feasible to be applied in learning. 

Table 2. Validation results on material aspects 

Component Aspect 
Mean Score Total 

Mean 
Criteria 

I II 

E-Learning 

Software 
engineering 4.50 4.40 4.45 Valid 

Interface view 4.22 4,33 4.22 Valid 
Verbal 
Communication 4.38 4.25 4.32 Valid 

Mean Total (E-Learning) 4.33 Valid 

CBT 

Software 
engineering 4.40 4.00 4.20 Valid 

Interface view 4.44 4.33 4.39 Valid 
Verbal 
Communication 4.13 4.38 4.26 Valid 

Mean Total (CBT) 4.28 Valid 
 

Table 2 shows the results of media expert validation on the e-
learning component of learning general chemistry organic 
matter, the average total score was 4.29 or declared valid. In 
the CBT component, the average total score was 4.23 or 
declared valid. Overall, the results of the media expert 
validator's assessment concluded that the e-learning of 
General Chemistry learning organic material based on CBT 
was declared valid to be applied in learning. 

3.2 Student learning outcomes 
The achievement of student learning outcomes is obtained 
through tests given before and after utilizing e-learning 
generated through a computer based test (CBT). This stage 
was carried out to 30 students and carried out in 3 (three) 
stages including: (1) the initial stage, namely the initial test 
(pretest) through CBT before students were given action using 
the resulting e-learning, (2) the second stage, namely the 
learning process where students learn online through e-
learning which is accessed and downloaded using a laptop, 
computer or android device on the Chemistry Education 
Department e-learning site, and (3) the third stage, namely the 
final test (posttest) via CBT. 

Table 3. Achievement of student HOTS results 

Data Min Max Mean 
Std. 

Dev. 

K-S 

Test 
Sig 

Pretest 25 48 36.23 6.061 .628 .825 
Posttest 53 95 76.40 8.939 .937 .343 

Table 3, shows the achievement of students' initial HOTS test 
results (pretest) before being given the action, the average 
score was 36.23±6.061 and the data had a normal distribution 
with the Kolmogorov-Smirnov test = 0.628 and p = 0.825. 
After taking action through e-learning learning general 
chemistry organic material from the posttest results obtained 
an average student HOTS score of 76.40±8.939 and the data 
has a normal distribution with the Kolmogorov-Smirnov test = 
0.937 and p = 0.343. 

3.3 Product Effectiveness 
The effectiveness of e-learning in general chemistry learning 
of CBT-based Stoichiometry material that was developed was 
analyzed from the increase in student learning outcomes in 
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completing tests through the CBT application using a pretest-
posttest design. The test results were analyzed using a t-test or 
a paired sample t-test approach with the help of the SPS 
program. 

Table 4. Product effectiveness test results 

 

Paired Differences 

t df 

Sig  

(2-

tailed) Mean 
Std. 

Deviation 

Pair 
1 

Posttest 
-pretest 40.167 11.099 19.823 29 .000 

 

Table 4, the tcount value is 19,823 with a probability (sig.) of 
0.000 < 0.05, so it can be concluded that the implementation 
of e-learning for general chemistry learning on organic 
materials based on CBT has proven effective in improving 
student HOTS learning outcomes on organic materials with an 
average difference. The average score (posttest-pretest) is 
40,167±11,099. 

The product developed in this research and development is in 
the form of e-learning for general chemistry learning based on 
CBT by taking into account the material and media aspects. 
General Chemistry learning e-learning organic material is 
designed based on CBT. The results of the expert validator's 
assessment of the CBT-based e-learning general chemistry 
learning developed have met the valid criteria and are feasible 
to be applied in learning. The validity of the CBT-based 
general chemistry e-learning learning was met qualitatively 
based on the assessments of the material expert validators and 
media expert validators who as a whole were declared to meet 
the valid criteria. 

The implementation of e-learning for general chemistry 
learning organic material based on CBT has also proven 
effective in increasing students' HOTS. The effectiveness of 
e-learning learning in General Chemistry based on CBT is 
statistically fulfilled based on the increase in student HOTS in 
completing tests in the form of CBT. The student response to 
the e-learning of General Chemistry learning organic material 
based on CBT produced is also very positive. 

The findings of this research and development have 
implications for lecturers that to improve HOTS and student 
learning outcomes, it can be done by developing innovative 
learning and one of them is CBT-based e-learning. Through 
this CBT-based General Chemistry learning e-learning, it can 
help students improve their understanding, mastery and 
HOTS. 

4. CONCLUSION 
This research resulted in books and e-learning general 
chemistry computer-based organic material based test (CBT) 
which was developed through the ADDIE development model 
and has been declared valid (feasible) and proven effective to 
improve student HOTS achievement. The validity (feasibility) 
is met qualitatively based on the assessment (validation) of 
the validators of material experts and media experts who as a 
whole are declared to have met the valid criteria. The 
effectiveness is fulfilled based on the implementation of e-
learning in General Chemistry based on a computer based test 
(CBT) in organic learning and is proven by the results of 
statistical hypothesis testing with a probability value of <0.05. 
The increase in student HOTS results is evidenced by the 
increase in student HOTS learning outcomes before and after 
using the CBT-based e-learning General Chemistry. The 

average value of the difference or increase in student HOTS is 
40,167±11,099. 
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