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ABSTRACT

This study aims to analyze the effectiveness of  guided discovery learning-based e-modules in improving senior 
high school students’ higher-order thinking skills. It belongs to quasi-experimental research with a nonrandomized 
control-group pretest-posttest design. Three schools in Padang, Indonesia, were chosen as the samples through a 
purposive sampling technique, and experimental and control classes in each school were assigned based on the 
homogeneity of  their previous academic score. Research instruments were a higher-order thinking cognitive test 
using multiple-choice questions and worksheets in the guided discovery learning-based e-module made for salt 
hydrolysis, electrolyte and nonelectrolyte solutions, and chemical elements. Students’ test scores were analyzed 
using the N-gain test and independent sample t-test. The results show that students’ higher-order thinking skills 
in the experimental classes were significantly higher than in the control classes. Most students could fill in the 
worksheets in the e-modules whose problems were made according to higher-order thinking skills criteria. Mul-
tiple representations integrated with learning materials in the e-modules helped students understand chemistry 
concepts. The ordered stages of  guided discovery learning integrated with complete and interactive multimedia 
in the e-modules facilitated students to engage in learning, investigating, and evaluating information to conclude; 
the attempts to train higher-order thinking skills. Therefore, it can be concluded that guided discovery learning-
based chemistry e-module can effectively improve senior high school students’ higher-order thinking skills.
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INTRODUCTION

Higher-order thinking skills are one of  the 
important aspects demanded by the national cur-
riculum. The skills can be defined as a transfer 
of  knowledge and skills, critical thinking, and 
problem-solving (Brookhart, 2010). When stu-
dents can apply the knowledge and skills they 
have acquired during learning to a new setting, 
transfer learning occurs (Anderson & Krathwohl, 
2001). Twelve dispositions and eighteen abilities 
comprise critical thinking, which is reasonab-
le reflective thinking centered on deciding what 
to believe or do (Ennis, 2015). Problem-solving 

is cognitive processing to achieve specific goals 
when no solution method is obvious (Mayer, 
1992).  Higher-order thinking skills can be taught 
to students during learning (Yen & Halili, 2015). 
Learning science, for example, is relevant in imp-
roving students’ higher-order thinking skills (Ro-
berts & Bybee, 2014; Dragos & Mih, 2015). Deve-
loping higher-order thinking is one of  the goals of  
science education (Sriarunrasmee, 2015; Forawi, 
2016). 

Learning science, including chemistry, is 
yet challenging for students. Students struggle 
to understand chemistry concepts such as solu-
bility, electrolysis, reduction-oxidation reactions, 
chemical equilibrium, and volumetric analysis 
(Alabi & Nureni, 2016; David, 2019). In addition 
to generic factors (The textbooks’ inaccurate rep-
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resentations, students’ prior knowledge, everyday 
experiences, and confusion regarding scientific 
and everyday terminology), learning difficulties 
come from the nature of  chemistry and chemical 
knowledge that involves an understanding of  par-
ticulate nature and multiple representations (Tu-
may, 2016). Therefore, students need help from 
teachers. They require complete and structured 
assistance to understand chemistry, perform mea-
ningful learning and foster higher-order thinking 
skills.

Higher-order thinking skills can be develo-
ped during learning processes structured through 
stages in the so-called learning model. Guided 
discovery learning is one model that can help stu-
dents develop higher-order thinking skills (Jalmo, 
2020). Syntaxes in the guided discovery learning 
model help students develop higher-order thin-
king skills like critical and creative thinking. Stu-
dents are encouraged to be able to respond to the 
teacher’s open-ended and specific questions using 
this learning model (Kauchak & Eggen, 2012). It 
expects students to find and plan their ideas by 
gaining direction from the educator (Janssen et 
al., 2014). Undoubtedly, guided discovery lear-
ning can impact the average students’ cognitive 
values (Lyu & Wang, 2018), increase students’ 
conceptual understanding (Makoolati et al., 
2021), and increase learning interests and lear-
ning outcomes of  the students. 

In addition to the model, learning involves 
the use of  teaching materials. One of  the comp-
lete and structured materials is e-modules. E-mo-
dules are more effective than printed books (Aufa 
et al., 2021). E-modules are practical and user-
friendly, letting students learn independently and 
making learning more interactive (Loibl & Rum-
mel, 2014). E-modules improve students’ con-
ceptual understanding and independent learning 
processes (Kong et al., 2014), critical thinking 
skills (Garba et al., 2015; Seruni et al., 2020), self-
directed learning abilities (Kuhlthau et al., 2015), 
and learning outcomes (Rahman et al., 2023). 
Using e-modules that are based on guided dis-
covery learning can improve students’ problem-
solving and critical thinking (Garba et al., 2015). 

Guided discovery learning-based e-modu-
les were developed by researchers on chemical 
elements (Khaira & Yerimadesi, 2021), salt hyd-
rolysis (Rosanna et al., 2021), chemical equilib-
rium (Febrila & Yerimadesi, 2021), atomic struc-
ture (Putri & Yerimadesi, 2022), acids and bases 
(Afrilianti & Yerimadesi, 2021), electrolyte and 
nonelectrolyte solutions (Wildayati & Yerima-
desi., 2021). These studies were in the stages of  
testing the validity and practicality of  the e-mo-

dules, but the effectiveness testing has not. Em-
pirical findings about the effectiveness of  guided 
discovery learning e-modules in chemistry are es-
sential. By studying the use of  e-modules in che-
mistry learning, we can clarify discipline-specific 
constraints in chemistry concepts and learning, 
an attempt to develop practical instructional ap-
proaches and make them realistic and meaning-
ful (Tumay, 2016). 

This research used guided discovery lear-
ning based on e-modules in chemistry learning. 
The guided discovery learning model syntaxes 
were adapted from Yerimadesi (2018), consis-
ting of  motivation and problem statement, data 
collection, data processing, verification, and 
closure. The topics studied in this research were 
electrolyte and nonelectrolyte solutions, elemen-
tal chemistry, and salt hydrolysis. These topics 
are studied because they have many contexts 
and applications in our daily lives. To compre-
hensively understand the topics needs learning 
activities that involve critical observation in the 
macroscopic and submicroscopic representations 
(salt hydrolysis and electrolyte and nonelectrolyte 
solution) and critical thinking in concluding in-
formation in the topic with long and condensed 
material (elemental chemistry). The aims of  the 
study are 1) to reveal the effect of  guided-discove-
ry learning-based e-module on students’ higher-
order thinking skills and 2) to reveal the activi-
ties of  students in using these e-modules. The 
findings of  this research are hoped to contribute 
to the study of  effective instructional strategies in 
chemistry learning.  

     METHODS

This research is quasi-experimental with 
a nonrandomized control-group pretest-posttest 
design (Wilson et al., 2012; Ravid, 2019). This 
design used a group of  research subjects from a 
population that was not randomly selected (Bos-
laugh & Watters, 2008; Cohen et al., 2017).  The 
research was conducted in a few senior high 
schools in Padang, West Sumatra, Indonesia. 
The sample for this research was selected using a 
purposive sampling technique using criteria such 
as computer laboratories, internet connection 
availability, and the competence of  students and 
teachers in IT. Three schools were selected as the 
samples. Students in each school’s experimental 
and control classes were selected with cluster 
sampling, and the homogeneity of  students’ aca-
demic competence in the two classes was assured. 

Students in experimental and control clas-
ses learned the topics through a guided discove-
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ry learning model. The stages of  learning in the 
guided discovery model include motivation and 
problem presentation, data collection, data pro-
cessing, verification, and closure. In the moti-
vation and problem presentation, students were 
directed to observe, read, understand problems, 
and make hypotheses. Then students were asked 
to explore and collect information from various 
resources in the syntax of  data collection. In the 
next stage, data processing, students answered 
questions and solved problems to find the con-
cepts. Next, in the verification stage, students ve-
rify whether the hypothesis they made in the first 
learning stage is correct. At the end of  the closure 
learning stage, students wrote their conclusion of  
the topic learned.

One hundred and two students in the ex-
perimental classes followed learning through 
guided discovery learning-based e-modules on 
electrolyte and nonelectrolyte solutions (36 stu-
dents), elemental chemistry (30 students), and 
salt hydrolysis (36 students). Meanwhile, 107 
students in the control classes did the stages of  
guided discovery learning with printed books of-
fered by schools (35 students learned electrolyte 
and nonelectrolyte solutions, 36 students learned 
elemental chemistry, and 36 students learned salt 

hydrolysis). Learning materials given to students 
in the experimental classes were put in a structu-
red manner in the e-modules. Students also did 
learning activities (such as reading the informa-
tion and answering the questions) in the e-mo-
dules. Because e-modules are technology-based 
learning materials, they could contain complete 
chemical multiple representations and attractive 
and interactive media for learning. Similarly, stu-
dents in the control classes learned the materials 
from the schoolbooks in a structured order. Ho-
wever, they did learning activities in their book. 

Both the pretest and posttest were given 
to students in the experimental and control clas-
ses. The tests were suited to the learning objec-
tives of  the higher-level cognitive process. The 
tests were developed as multiple-choice questions 
and made to fulfill the characteristics of  higher-
order thinking skills questions. At the end of  the 
development, criteria of  the good test items (va-
lid, reliable, difficulty index- and discriminatory 
power-proper) left 20 questions on electrolyte and 
nonelectrolyte solutions, 20 questions on elemen-
tal chemistry, and 18 on salt hydrolysis (Rosanna 
et al., 2021; Putri & Yerimadesi, 2022). Examples 
of  the questions are presented in Figure 1.

Figure 1. Example of  Pretest-Posttest Questions on the Topics in This Study 
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The research data were analyzed using the 
normalized gain (N-gain) test and the indepen-
dent sample t-test with the SPSS application. N-
gain tests were done to determine the students’ 
concept mastery level. The criteria are high if  g is 
greater than 0.7, moderate if  g is less than 0.7 and 
greater than 0.3, and low if  g is less than 0.3 (Ha-
kes, 1999). The independent sample t-tests were 
done to determine the mean difference between 
experimental and control classes and the signifi-
cance of  the effect of  guided discovery learning-
based e-module on students’ higher-order thin-
king skills.

In addition to the test, another instrument 
in this research was the activity sheet in the e-
modules. The e-modules consisted of  materials 
and worksheets. The worksheets were put in the 
motivation and problem statement stages, data 
processing, verification, and closure of  the gui-
ded discovery learning. They were in the form 
of  questions or problems the students must ans-
wer. The questions were made accordingly to the 
materials to achieve learning indicators. Figure 2 
displays the appearance of  the e-module and the 
worksheet.

Figure 2. The Module of  Salt Hydrolysis and Its Worksheet in the Data Processing Stage

RESULTS AND DISCUSSION

Table 1 presents students’ average pretest, 
posttest, and N-gain scores on the studied topics 

in the experimental and control classes. The inc-
reases in students’ learning outcomes are mode-
rate on the three topics in both experimental and 
control classes.

Table 1. N-gain Description

Topics Class
Average

Pretest Posttest N-gain Category

Electrolyte and nonelec-
trolyte solutions

Experimental 29.3 73.33 0.61 Moderate

Control 29.6 67.50 0.53 Moderate

Elemental Chemistry Experimental 37.36 66.11 0.49 Moderate

Control 32.43 58.38 0.42 Moderate

Salt Hydrolysis Experimental 16.98 69.91 0.64 Moderate

Control 17.29 63.12 0.55 Moderate

Data on students’ learning outcomes in the 
tests were then used in the normality, homoge-
neity, and hypothesis tests. Firstly, the normali-
ty tests were carried out to find out whether the 

distribution of  the data was normal or not. The 
results of  the normality tests are presented in 
Table 2.
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Table 2. Normality Test Description

Topics Classes
Shapiro-Wilk

Statistic df Sig.

Electrolyte and nonelectrolyte solution Pretest Experimental .952 36 .086

Control .963 35 .258

Posttest Experimental .954 36 .104

Control .949 35 .071

Elemental Chemistry Pretest Experimental .522 30 .116

Control .613 36 .128

Posttest Experimental .954 30 .194

Control .249 36 .098

Salt Hydrolysis Pretest Experimental .452 36 .063

Control .713 36 .161

Posttest Experimental .554 36 .121

Control .479 36 .055

From Table 2, data from the pretest and 
posttest in the experimental and control classes 
on all topics have significance values greater than 
α level (0.05). Therefore, all of  the data are nor-

mally distributed. Homogeneity tests were con-
ducted to determine whether the data had the 
same variance. The results are presented in Table 
3.

Table 3. Homogeneity Test Description

Topics Classes Levene Statistic df1 df2 Sig.

Electrolyte and nonelectrolyte 
solution

Experimental 2.372 1 71 .920

Control 2.004 1 71 .952

Elemental Chemistry Experimental 1.272 1 66 .531

Control 1,504 1 66 .629

Salt Hydrolysis Experimental 2.283 1 72 .651

Control 2.544 1 72 .699

As displayed in Table 3, all of  the data 
from experimental and control classes on all to-
pics have significance values greater than α level 
(0.05). Therefore, they all have homogeneous va-
riances.  After normal and homogeneous criteria 
were met, the hypothesis tests were done through 
an independent sample t-test on the students’ gain 
scores (difference between pretest and posttest 
scores) in the experimental and control classes. 

Table 4 shows the result of  the hypothesis tests 
on the three topics. Table 4 shows significance 
values smaller than α level (0.05) on the three to-
pics. Therefore, null hypotheses are rejected. The 
gains of  higher-order thinking skills in students in 
the experimental classes significantly differ from 
those in the control classes. Students’ learning 
outcomes in the tests of  higher-order thinking 
skills did significantly increase.

Table 4. Results of  the Hypothesis Testings

Topics t-test for Equality of Means

Mean differ-
ence

t df Sig. 
(2-tailed)

Electrolyte and non-
electrolyte solutions

HOTS Equal variances assumed -4.15 -1.09 69 .042

Equal variances not assumed -4.15 -1.09 69 .034

Elemental chemistry HOTS Equal variances assumed -3.35 -1.38 64 .000

Equal variances not assumed -3.35 -1.06 64 .004

Salt hydrolysis HOTS Equal variances assumed -2.65 -2.38 70 .001

Equal variances not assumed -2.85 -2.06 70 .000
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The activity sheets filled in by the students 
were graded. Electrolyte and nonelectrolyte solu-
tions have four worksheets. Elemental chemistry 

has four worksheets, and salt hydrolysis has three 
worksheets. The scores of  students in each work-
sheet are displayed in Figure 3.

Figure 3. Results of  the Analysis of  Students’ Activity Sheets

On average, for the syntax of  motivation 
and problem statement, students’ activities sco-
red 75 on electrolyte and nonelectrolyte solution, 
75 on chemical elements, and 81 on salt hydroly-
sis. For the syntax of  data processing, students’ 
activities scored 81 on electrolyte and nonelect-
rolyte solution, 81 on chemical elements, and 87 
on salt hydrolysis. For the syntax of  verification, 
students’ activities scored 84 on electrolyte and 
nonelectrolyte solutions, 84 on elemental che-
mistry, and 89 on salt hydrolysis. For the syntax 
of  closure, students’ activities scored 86 on elect-
rolyte and nonelectrolyte solution, 87 on elemen-
tal chemistry, and 88 on salt hydrolysis.

Higher-order thinking skills are needed in 
the 21st century. With higher-order thinking skills, 
students understand concepts, apply concepts to 
different situations, and become more sensitive 
to problems. Higher-order thinking skills involve 
specific processes, such as analyzing problems, 
collecting data, evaluating data, and synthesi-
zing the information to conclude (Chinedu et al., 
2015; Zulfiani et al., 2020). These activities align 
with the stages of  the guided discovery learning 
model used as the basis of  e-modules studied in 
this research. In the guided discovery learning 
model, teachers provide a stimulus, and students 
respond by actively engaging in investigations to 
find the right concept, an attempt to train higher-
order thinking skills (Krogman, 2022; Lin et al., 
2022).

Students in the experimental and control 
classes did the stages of  guided discovery lear-
ning in a structured manner. In the motivation 
and problem presentation stage, students analy-
zed arguments, asked questions, answered the 

questions, and formulated hypotheses based on 
the information in the e-modules. In the data col-
lection stage, students constructed new concepts 
or terms by defining terms, considering a defini-
tion, and identifying assumptions (Yerimadesi et 
al., 2019). In the data processing stage, transfer 
learning happened because students answered 
and solved problems in a context similar to tho-
se previously learned (Anderson &Krathwohl, 
2001). In the verification stage, the teacher hel-
ped students verify their explanations or conclu-
sions regarding discovering new concepts. In the 
closure stage, students used strategies to critically 
evaluate and communicate their answers to their 
friends. These activities improve basic science 
skills (Smitha, 2012) and train students’ high-
order thinking skills during learning (Shieh & Yu, 
2016). 

As expected, guided discovery-based lear-
ning made students in both experimental and 
control classes increase their scores in higher-
order thinking questions in the posttest compared 
to the pretest. However, the significant differen-
ce in students’ scores between experimental and 
control classes shows that it could be caused by 
the different forms of  learning materials given to 
students in learning. Students in the control clas-
ses learned the material from the school textbook. 
Although complete in the content, the textbooks 
were lack of  chemical representations, structured 
learning activities, and attractiveness. Students 
relied on the teachers to progress in the learning 
process. On the other hand, students in the expe-
rimental classes used guided discovery learning-
based e-modules that were complete on content 
and multiple representations, provided organized 
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learning activities, and were attractive and inter-
active with the students.

As delivered in an electronic form, e-modu-
les could contain more media than what could be 
put in the printed-out learning materials. For all 
three topics (electrolyte and nonelectrolyte solu-
tions, chemical elements, salt hydrolysis), contex-
tual examples and static visuals such as pictures 
and models to represent chemical concepts were 
attractively, interactively, and comprehensively 
displayed. Students could zoom in on the visual 
to make it clear. Animations were added to e-mo-
dules to explain chemical concepts at a particular 
level. This is especially important in understan-
ding abstract concepts (Al-Balushi & Al-Hajri, 
2014; Akpinar, 2014), including electrolyte and 
nonelectrolyte solutions (Wahyuni et al., 2018; 
Mayresta & Guspatni, 2022) and salt hydrolysis. 
Videos, mainly of  experiments, were included in 
the e-module of  electrolytes and nonelectrolytes. 
The videos helped students see the macroscopic 
representations of  phenomena (Corredor et al., 
2014) that could not always be done in the previo-
us learning, usually due to the limitation of  time, 
tools, and materials to experiment. 

Integrating information technology in lear-
ning is vital in developing students’ thinking skills 
(DeDonno, 2016). Information technology can 
advance education. As Al Ruqaishi (2021) stated, 
it can change students’ mindsets to be wiser and 
more educated. Technology-based learning pro-
motes students’ higher-order thinking skills (Ed-
wards, 2016; Ganapathy et al., 2017).

E-modules as technology-based learning 
materials are beneficial because the modules can 
contain materials and representations for che-
mistry concepts that need static and dynamic mo-
dels to visualize concepts at a particular level and 
pictures or videos to display phenomena. The so-
called multiple representations of  macroscopic, 
submicroscopic, and symbolic representations 
(Gilbert, 2009) are essential in chemistry lear-
ning. Chemical multiple representations guide 
students’ emotions in learning (Pekrun & Lode-
rer, 2020). As seen in the activities and learning 
processes using e-modules, most students could 
do the learning independently in all learning sta-
ges. In line with Adadan and Ataman (2021), 
the representations helped students understand 
the concept. Interactive and complete chemical 
multiple representations could increase students’ 
curiosity to know more about the concept and 
continue the learning activities.  

The structured teaching materials in the 
guided discovery learning stages could direct 
students to discover the concepts and construct 

their knowledge. Guided discovery learning in-
tegrated with the chemical representations in the 
e-modules increased the critical thinking of  the 
students (Chusni et al., 2022; Kinniburgh, 2022). 
Additionally, transfer learning, as another term 
for higher-order thinking skills of  the students, 
also increased based on students’ significant gain 
score in answering higher-order thinking skills 
questions, which were in the context different 
from what they learned during learning. In other 
words, there is a logical reason for how guided 
discovery learning-based e-modules increase stu-
dents’ learning outcomes in the tests with higher-
order thinking skills questions (Ihsan, 2021; Lut-
hfiani & Yerimadesi, 2022).

CONCLUSION

Guided discovery learning-based e-modu-
le could improve students’ higher-order thinking 
skills, especially on electrolyte and nonelectroly-
te solutions, elemental chemistry, and salt hyd-
rolysis. Students could also do almost all of  the 
learning activities in the e-modules. Teaching 
chemistry topics with lots of  materials and nee-
ding multiple representations (especially in the 
macroscopic and submicroscopic levels) requires 
multimedia that are complete, interactive, and 
attractive; those that can be put in technology-
based learning materials like e-modules. The 
structuredness of  the guided discovery learning 
model can be used to engage and direct students 
in discovering concepts, analyzing information, 
and making conclusions. These activities facilita-
te students in enhancing their higher-order thin-
king skills. Therefore, teachers are expected to 
combine the completeness of  media and the or-
dered learning structure in learning materials like 
the guided discovery learning-based e-module.
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