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 Practicum activity is a scientific process to find out a phenomenon or validate a concept. 

HOT-LAB in laboratory activities is useful in improving 4C skills, including Critical 

Thinking Skills. The number of Modules or E-Modules that use a cookbook of guided 

laboratory inquiries was less to increase the 4C Skills in supporting the 21st Century skills. 

This study aimed to design, create and find out the effect of using HOT-LAB-based E-

Modules to improve the students’ Critical Thinking Skills. The research method was the 

ADDIE RnD. Invalidation stage, E-Module that was validated by material and media 

validators, stated effective, so it was feasible to continue to data collection of students. Data 

of Critical Thinking Skills used 30 students as subjects whose raw data was analyzed using 

statistical tests. E-Module obtained a validity score of 83.33% on the material validation 

and 84.6% on the media validation. Moreover, the statistical test showed that there is a 

significant change in implementing E-Module, which means that the HOT-LAB-based E-

Module improved the students' Critical Thinking Skills. 
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INTRODUCTION 

 

Laboratory activities may be used as an 

alternative activity to explore and maximize the 

potential of students (Eka Astika et al, 2020). A 

physics learning system that uses practicum 

activities, in general, is the practicum with a real 

laboratory. Real laboratories in investigations or 

experiments carried out with the assisted by three-

dimensional media (Hikmawati et al., 2019). 

Physics practicum learning systems are usually 

carried out in a face-to-face meeting in a laboratory 

room. 

Through conventional learning, the attitude of 

independence learning to practice is less motivated. 

Then, E-module is developed to overcome the 

conditions. Physics practicum using E-Module used 

electronic media, especially network system of 

internet computer (Brooks & Brooks, 1999). 

Adisendjaja (Laelasari & Adisendjaja, 2018), 

research on learning activities and responses to 

learning through simple laboratory activities, found 

out that students are motivated to find and actively 

discuss in a group. 

Laboratory activities also require students to 

develop critical thinking. Government Regulation of 

the Republic of Indonesia Number 19 of 2005 on 

National Education Standards states that every 

university must teach students with skills, such as 

Critical Thinking Skills, Creative Thinking, 

Cooperative thinking, literacy of ICT, and other 

important skills in the 21st century (Makiyah et al., 

2019). Curriculum 2013 (K13) also requires 

communication technology in the learning process 

(Syafitri et al., 2019). 

Lastriningsih (2017) states that critical 

thinking skills can improve student achievement, 

including the field of knowledge that is shown by 

the percentage of completeness criteria by 80%, 

attitude by 90%, and skill by 80%. Besides creative 

thinking, problem-solving, and reflective thinking, 

John Dewey in Fisher (2009) stated that 'critical 

thinking is 'reflective thinking' and defines it as an 

active, continuous and careful consideration of 
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knowledge toward a belief or knowledge. And, it 

accepts many supporting reasons and further 

conclusions (De, 1933). 

Nurhadi (2018) argues that a good laboratory 

will support good laboratory activities as well. A 

good laboratory is a laboratory with good 

management and covering various processes, 

namely (1) planning is a process to think and 

determine the facilities and infrastructure of the 

laboratory to achieve the objectives of the 

laboratory activities; (2) Procurement is an effort to 

implement the planning; (3) Inventory is the activity 

of recording the facilities; (4) good storage 

management perform to maintain the facilities and 

equipment in a good condition; (5) The laboratory 

management, starting from the layout, lighting, 

distance from other buildings, and so on; (6) use the 

facilities and infrastructure effective and efficient; 

(7) maintenance; (8) Eliminating unnecessary 

facilities and infrastructure. The research and expert 

opinion on the importance of critical thinking arise 

ideas for innovation in practical activities through 

the development of practical models (Hoftein & 

Lunetta, 2003). 

Models commonly used in laboratory 

activities include; (1) cookbook laboratory whose 

activities are focused on procedures without 

involving students to think about the things to do 

that aim to understand the concepts studied in the 

laboratory(Luckie et al., 2013); (2) Inquiry Guided 

Laboratory emphasizes students to construct 

knowledge through active scientific investigation, 

namely by conducting pre-lab activities to activate 

knowledge within students and help students to 

understand the concept (SETIABUDI NINGTYAS 

& ROSDIANA, 2019); (3) HOTLAB (High Order 

Thinking Laboratory) emphasize students perform 

exploratory and independent laboratory activities 

following the advance of 4C Skills in 21st Century 

to teach students with future skills and also synergy 

among teacher and students (Malik, Adam; 

Setiawan, Agus; Suhandi, Andi; Permanasari, 

2018). Compared to other laboratory activity 

models, the HOT-LAB model has advantages, 

including improving students' critical and creative 

thinking skills (Putra et al., 2021). 

In the process, practical instructions train and 

develop higher-order thinking skills, called as 

Higher Order Thinking Laboratory (HOT Lab). 

HOT Lab may manifest into a real laboratory 

activity, Higher Order Thinking Real Lab (HOTRL) 

or virtual laboratory, and Higher Order Thinking 

Virtual Lab (HOTVL). Using this model, practical 

activities emphasize problem-solving using higher-

order thinking skills which consist of processes, 

such as; (1) understand the challenge, (2) create 

ideas, (3) preparation for laboratory, and (4) 

evaluate the results. Makiyah et al (2019), this 

laboratory design consist of 11 phases of activities, 

including real-world problems, determining and 

evaluating ideas, experimental questions, materials 

and tools, predictions, conclusions, and 

presentations (Makiyah et al., 2019). 

Through physics practicum learning using an 

e-module, the practitioner has the widest 

opportunity to participate in determining the 

objectives, sources, and evaluation of learning. 

Thus, the practitioner has responsibility in managing 

and disciplining to learning, not depend on 

conventional learning conditions (Wena, 1970). The 

rapid development of technology, makes everyone, 

including students, familiar with Android. This 

rapid development, especially in the pandemic 

conditions that occurred all around the world, makes 

E-Modules need to be developed for learning. E-

Module is a module with an electronic format and 

runs on a computer (Laili, 2019). E-Module is a 

learning resource containing materials, methods, 

limitations, and ways of evaluating that are designed 

systematically and attractively to achieve 

competence electronically (Laili, 2019; Putra & 

Anjani, 2020). E-modules are independent teaching 

materials containing audio, video, and animation 

that are presented in electronic form and combined 

with a link to create more interactive learning 

(Ministry of Education and Culture, 2017). 

Compared to printed modules, E-Module has 

advantages, such as interactive, which allows 

displaying or loading images, audio, video, and 

animation. The addition of these contents allows 

immediate automatic feedback (Suarsana & 

Mahayukti, 2013). 

Not only demand the involvement of ICT in 

the learning process but the curriculum 2013 (K13) 

also demands critical thinking skills. Higher Order 

Thinking Skills (HOTS) is the ability to integrate 

the skills to connect, manipulate, and transform 

knowledge and experience into thinking processes 

in decide the choices and answer the problems 

(Rofiah et al., 2013). The developed E-Module is a 

HOTLAB (Hight Order Thinking Laboratory) E-

Module in a virtual laboratory, complete with 

practical activities that emphasize problem-solving 

using critical thinking skills and consists of 

processes, namely (1) understanding challenges/ 

problems, (2) create ideas, (3) perform laboratory 

activities, (4) produce a result or solve the problem 

(Makiyah et al., 2019). HOT LAB activities can 

train and develop 21st-century skills following the 

National Education Standards. 

By the development of the HOT-LAB-based 

E-Module, the product is oriented to train critical 

thinking skills and creative problem solving through 

practical work, involving physics materials. The 

study aimed to develop E-Module for physics 

practicum in carrying out laboratory activities that 
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are exploratory and easy to understand by 

practitioners during the laboratory activities. 
 

METHOD  

 

Time, Place, And Number Of Subjects 

The subject was 30 students of Physics 

Education in the second semester in UIN Sunan 

Gunung Djati Bandung. The research was 

conducted in May 2021. 

Research Approaches and Methods 

The study uses the Research and Development 

(RnD) method with the ADDIE model, which is a 

development model consisting of five stages; (1) 

Analysis (2) Design (3) Development (4) 

Implementation (5) Evaluating. The framework of 

the ADDIE research is presented in Figure 1. 

 
Figure 1. RnD Framework with ADDIE Model 

 

The validation of HOT LAB-based E-Module 

was validated by competent validators; media and 

material experts. Furthermore, the validator 

provided general assessments and suggestions on 

the product of HOT LAB-based E-Module, whether 

the HOT LAB-based E-Module was valid or invalid. 

The data analysis technique during the 

validation was descriptive analysis, which 

calculated the percentage score of the validation 

results. 

=
𝑓

𝑛
𝑥100% 

P = Percentage 

f = Obtained Score 

n = Maximum Score 

The level of feasibility is identified by the 

scores. The criteria for validation was presented in 

Table 1. 

Table 1. Validity Criteria on E-Module 

No Percentage Explanation 

1 80%-100% Valid 

2 60%-79.99% Fairly Valid 

3 50%-59.99% Poor Valid 

4 0%-49.99%  Invalid 

 

After the validation process, it continued to 

stage of sampling on the research subjects to reduce 

members of the population to members of a 

representative sample using the Slovin technique 

with the following equation: 

𝑛 =
𝑁

𝑁𝑑2 + 1
 

N  = Population 

n = Number of sampel 

d  = Precision, with 10% precision and 

confident level of 95% (Aji, 2007) 

After that, true experiment research with two 

classes was used to calculate the level of Critical 

Thinking Skills. The research design was presented 

in table 2. 

Table 2. Pretest-Posttest Control Group Design  

Sam

ple 
Class 

Pre-

test 

Tr

eat

me

nt 

Posttest 

Ran

dom 

Experiment X1 P1 X2 

Control Y1  Y2 

 

Where: X1 = Pretest before treatment in the 

experimental class; X2 = Posttest after treatment in 

the experimental class; Y1 = Pretest before treatment 

in the control class; Y2 = Posttest after treatment in 

the control class; P1 = Treatment in the experimental 

class 

The pretest and posttest on critical thinking 

skills were the measured indicators in the study. The 

instrument was questions of practical and 

conceptual understanding with a total approximately 

of 10 questions.  

 

RESULT  

 

The research produced a product, a HOT 

LAB-based E-Module. The laboratory activity 

module was created and designed by researchers, 

with the aim as a tool for lecturers or teachers in 

performing laboratory activities that are exploratory 

and easy to understand during laboratory activities. 

And, it aimed to build a more structured and 

measurable research framework before practicum. 

The research conduct all the stages of 

development research with the ADDIE model. The 

stages of development research include: 

1. Analysis, the analysis phase of the product 

development consisted of analysis of the 
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materials and media of the modules. The analysis 

produces materials that are used and needed in 

laboratory activities of Basic Physics 2 subject 

and a HOT LAB-based E-Module to be a 

guidebook for practicum laboratory activities of 

Basic Physics 2. The model is a HOT LAB that 

aims to make exploratory laboratory activities. 

2. Design. at the design stage carried out the steps 

of; 1) designing the layout of HOTLAB-based E-

Module, 2) Select and input the materials into the 

module, 3) Validation of media and material 

experts.  

3. Development. The results of the development 

stage were 1) Application of the HOT LAB on 

the E-Module of basic physics 2. Each material 

in this module consisted of Real-World 

Problems, Pre-Lab stages, Lab stages, and Post-

Lab stages. And, 2) Validation scores media. The 

product was presented in Figure 2.

 

 

 
Figure 2. HOT LAB on the E-Module of basic physics 2 

 

4. Implementation. It implemented the product to 

the subjects. They were the second-semester 

students of Physics Education at UIN Sunan 

Gunung Djati Bandung, dividing into two classes 

(Experimental and Control) to find out the results 

of the evaluation. 

5. Evaluation. The final stage was to determine the 

level of critical thinking skills that were 

presented in statistical calculations. 

 

The product was then revised following the 

suggestion of the validation provided by two 

validators. The validation results provided by the 

two experts was presented in tables 3 and 4. 

Table 3. Validity of Material Expert  

No Aspect Percentage 

1 Material 84% 

2 Language 80% 

3 
Result of 

Assessment/evaluation  
86% 

Mean 83.33% 

 

 

Table 4. Validity of Media Expert  

No Aspect Percentage 

1 Display 87% 

2 Technical 86% 

3 Constructive 81% 

Mean 84.6% 

The results of the validation analysis provided 

by media experts on the HOT LAB-based E-

Module, obtained the percentage by 84.6%. The 

aspects of the assessment assessed by media experts 

include the aesthetic display of the module, both the 

background and color, the technical use of the 

module in laboratory activities, and also the 

construct of the module in laboratory activities. The 

validators suggested considering the aesthetics, such 

as select the elegant color and color display between 

cover and content. 

The pretest and posttest analyses of critical 

thinking skills were presented in Figure 3. The 

graph showed the mean score of pretest-posttest and 

N-Gain for the experimental class and the control 

class. The mean score of the pretest in the 

experimental class was 54.67. While the mean score 

of the the pretest in control class was 35.53. And, 

the mean score of N-Gain in the experimental class 

was 64.51 and in the control class was 42.90. 
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Figure 3. Mean Score of Pretest, Posttest, and N-

Gain of Critical Thinking skills. 

 

Figure 3 showed that the posttest and N-Gain 

scores in the experimental class were higher than the 

control class. Then, HOT LAB-based E-Modules in 

laboratory activities can increase the mean score of 

students in the experimental class compared to the 

control class. The finding was supported by 

previous research which showed HOT LAB can 

improve critical thinking skills (Sapriadil et al., 

2019). Moreover, a research conducted by Suarsana 

(Suarsana & Mahayukti, 2013), research on using E-

Modules oriented towards problem-solving, also 

supported that the results of the pretest and posttest 

increase in both two classes, and the highest N-Gain 

value was in the Experiment class. And, supported 

by Diana, that using E-Module increases the pretest 

and posttest, and also reduced the level of 

misconceptions in a material concept (Diana et al., 

2015). 

The final product, shown in Figure 2, has 

passed the revision process and implemented to the 

subject that aimed to obtain the data and processed 

on statistical calculation. The statistical calculation 

on using E-Module was presented in Table 5.

 

Table 5. Different of mean score between Pretest and N-Gain on Critical Thinking Skill 
Score Class Mean Score  Normality Homogenity Significance 

Pretest 

Experiment 54,67 

X2
 Count < X2

Table 

(9.1) < (9.487) 
(Normal) 

Fcount < FTable 

(2.30) < (2.35) 
(homogeneous) 

tCount < tTable 

(0.594) < (1.672)  

(No Significant 

change) 
Control 35,53 

X2
Count <X2

Table 

(6.55) < (9.487) 
(Normal) 

N-Gain 

Experiment 64,51 

X2
Count < X2

Table 

(7.78) < (9.487) 

(Normal) 

FCount < FTable 

(2.32) < (2.35) 

(homogeneous) 

tCount > tTable 

(3.650) > (1.672)  

(There is a 

Significant change) 
Control 42,90 

X2
Count < X2

Table 

(7.53) < (9.487) 

(Normal) 

 

Table 5 showed the data on increasing the 

score of Pretest-Posttest and N-Gain that calculated 

based on statistical data (Serungke et al., 2020). The 

data calculated statistically was presented in table 5. 

The normal Chi-square test, where X2
Count <X2

Table, 

with α = 0.05, then the F-test is homogeneous, 

where FCount <FTable, with α = 0.05, and t-test there 

was a significant change in N-Gain, where tCount 

>ttable with α = 0.05. 

The differences of the pretest score on 

students' critical thinking skills when using HOT 

LAB-based E-Module in table 2 were analyzed 

using t-test. The analysis showed that the 

experimental class obtained a score of 54.67 and the 

control class obtained a score of 35.53. The score 

showed the me\an scores not significantly different. 

This means the pretest scores, both in the 

experimental and control classes were the same. 

Furthermore, the mean score of N-Gain obtained 

64.51 in the experimental class and 42.9 in the 

control class. The increase of N-Gain Critical 

Thinking Skills scores of students who were given 

treatment showed a significant difference. 

 

CONCLUSION  

Based on the results and findings, concluded 

that the HOT LAB-based E-Module for students in 

laboratory activities of basic physics 2 had been 

successfully developed. This E-Module was in the 

good category as a guidebook for HOT LAB-based 

laboratory activities. The validation data provided 

by two validators obtained a mean percentage of 

83.96% and was stated as valid. Then, the 

implementation of the HOT LAB-based E-Module 

was valid for use in HOT LAB-based laboratory 

activities. 

The implementation of the HOT LAB-based 

E-Module in laboratory activities of basic physics 2 

effectively improved students' Critical Thinking 

54,67

84,7

64,51

35,53

64,93

42,9

0

50

100

Pretest Posttest N-Gain

Critical Thinking Skills

Kelas Eksperimen Kelas Kontrol
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Skills that proved by the increase of the mean score 

of N-Gain critical thinking skills by 64.51. 
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