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Keywords: based E-module to investigate the development of students' questions quality. The
E-module research method used in this research are R&D with design ADDIE (Analyze, Design,
Questions quality Develop, Implementation, and Evaluation), while the E-Module are implemented to the
Science learning students, the qualitative descriptive method is used. The instrument used to collect some
STEM data on this research are video transcription, application transcription, reading test, and

questionnaire. This research has been conducted on 26 university students who took
Science Environmental Technology and Social (SETS) course. Questions' quality rubrics
are used to analyze the data. As a result of this research, the implementation of developed
STEM-based E-Modules is achievable. After implementation, the result of the student's
question quality in general, including both pojok inquiry and pojok eksplorasi activity, is
attained. There are improvements shown from activity 1 and activity 2 on pojok
inquiry activity but decreased in activity 3. As for pojok eksplorasi, students’ generated
question quality is improved gradually. It can be concluded that students’ generated
questions quality is slightly developed, which means that it is attained at the beginning of
the open question category as higher-level quality. The novel finding of this research is
the question’s quality from the lecturer might have some influence on the quality of
students’ questions.
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1. Introduction

Science and technology were overgrowing. That is becoming a basic need for humans to
gain daily information. Furthermore, society for now really engaged with the gadget and
demand higher digital technology. That causes the flow of information very easy to be
received to be called a revolution industry 4.0 era (Saykili, 2019; Kalolo, 2019; Hashim,
2018). The demand for education in this era is high, especially for the student's prospective
teacher. Not only emphasize cognitive but also skills. One of the essential skills to develop is

higher-order thinking skills, and questioning skills are included.
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Asking a question is one of the essential human habits. The ability to ask questions is a
thought process related to critical thinking, creative thinking, and problem-solving (Chin &
Osborne, 2008). Question skills are essential because closely related to the curiosity that
identifies a phenomenon or a question. In this digital era, the flow of information is easy to
get, and one of the effects is hoax statements spread uncontrollably. So that, needed good
question skills with critical thinking to verify the news or statements. Those can help
construct knowledge and improve the motivation and interest in the topic or information
(Chin & Kayalvizhi, 2005; Chin & Brown, 2000).

Especially science emphasizes curiosity, so questioning skills is an important component
because it is included in the scientific method and scientific attitude. For instance, construct a
problem, construct research questions, and ask a question about the found phenomenon. So,
asking questions happens because there is a gap between students' knowledge and the
students' new information (Cautinho & Almeida, 2014). Questioning skills are also closely
related to students' cognitive. There is proof that lack of prior knowledge can affect their
learning, lack of focus, and understanding, so it also affects questioning skills, but they do not
know what they should ask (McQueen et al., 2014). Prior knowledge affects the question’s
skills while questioning skills is a strategy to improve students higher-order thinking skills
because when students ask a question, they must be giving reasonable question which has an
explanation to construct their higher-order thinking skills (Song, 2016; Bates et al., 2014,
Papinczak et al., 2012).

In fact, according to preliminary observation to the several student's pre-service teachers in
science learning, their willingness to ask a question is still low. A few students' pre-service
teachers ask a question to the lecturer, and those question qualities are only technical
questions, not reasoning. Lower-level questions include closed questions that consist of
information and some technical questions (Bates et al., 2014). It can be said that students'
reasoning still low (Herawati & Ardianto, 2017), and student question quality also low
(Nurramadhani, 2019). Reasoning skills and question skills can lead the students to reflect on
what they thought. This is usually happening in higher education students (Bottomley &
Denny, 2011). Reasoning, critical thinking, and question skills also have relation and able to
develop by reading practice (Collins et al., 2018; Gilson et al., 2014; Chin, 2001). However,
reading habit that has been done by other researcher is only about reading passage with a

particular topic that printed in paper (Collins et al., 2018; Gilson et al., 2014).
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While they needed to adjust in the digital era, today's students are millennials or the Z
generation who curious, practical, and related to digital. The current educational challenge is
how to provide learning media and interesting learning materials (Acish et al., 2011;
Warburton, 2003), but not to forget about hands-on activity that must be implemented to the
students learning as one of the essences of science learning. Thus, it constructs E-Module
(electronic module) to replace the module that printed before, becomes more interesting and
easier to access everywhere and anytime suitable with the millennial and Z generations habits.
They will be interested in science learning, and then their higher-order thinking skills will
develop critical thinking and question skills. The module consists of standard learning
competencies and has a function to deepen these competencies (Daryanto, 2013). The module
also exists in electronic form that includes multimedia interaction with technology and ICT to
make navigation, showing a picture, audio, video, and animation easier and also there are vary
quizzes with an interesting interface (Sugihartini & Jayanta, 2017; Nugraha et al., 2013;
Voithofer, 2005).

There are so many approaches, methods, models, and learning material in education that
can make the students interested in learning science. One of them is STEM (Science,
Technology, Engineering, and Mathematics) which are all educators implement it in their
classroom all around the world today. STEM itself is active learning that students centered
integrated from one subject to the other. STEM also the innovative learning that leads to
inquiry, project-based learning, and problem-solving (Breiner et al., 2012). STEM education
is to motivate students to practice using integrated skills to solve problems and become
meaningful learning in science (Leon et al., 2015; Moore et al., 2014; Wai et al., 2010), and
also motivate students as innovator, logical thinker, problem solver, technologically literate
and using technology in their life and relationship with their own culture (Stohlmann et al.,
2012; Morrison, 2006). Learning with STEM approaches promotes hands-on activity that
very important for students. Hands-on activities with contextual learning positively affect
students' attitudes toward learning and content knowledge or cognition (Kaldi et al., 2011).
The tremendous results show that students who studied and took STEM learning in the class
showed positive attitude and achievement, success in courses, and school (Dominguez &
Jaime, 2010).

STEM in the form of approach, method, and model in learning science has already

produced a positive action and development of students' skills and potential. On the other
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hand, there are still a few researchers to make STEM in teaching-learning material based on
E-Module. Several former researchers have already developed about E-Module but in
different aspects, such as 1) Problem Based Learning (PBL); 2) Learning Cycle 7E; 3)
Laboratory guidelines on Biology (Serevina et al., 2018; Istuningsih et al., 2018; Refirman et
al., 2017). But other researchers also haven't developed questioning skills optimally. This
research provides the learning STEM-based E-module in science learning integrated with
reading material and experimental activity, which promotes students asking questions so that

students questioning skills are well developed.

2. Method

The method design that was used in this research to develop a STEM-based electronic
module (E-module) was ADDIE (Analyze, Design, Develop, Implementation, and
Evaluation) (Molenda, 2015). This research design could be adapted to develop an electronic
module as teaching material that will be a learning product. This design has already done in
five steps, for instance:

a. Analyze

In this first step, curricula and learning material were analyzed for each indicator in every
aim in subtopics. Identify student’s need for environmental pollution material for laboratory
activity and students’ question skills in science learning.

b. Design

The second steps were about designing all the components that include STEM-based E-
Modul. For instance, making learning goals about environmental pollutions, identifying the
learning material, and construct it with adjusting STEM inside the learning activity. Also,
construct the activity inside the STEM-based E-Module, such as pojok ekspolrasi (the activity
that asks students to do the exploration with a worksheet as guidance). pojok wawasan (the
activity that asks students to answer all the multiple choices questions related to material that
is given in every chapter), and pojok inquiry (the activity that asked students to make their
own questions based on reading material provided in every chapter). All that components
which was included inside in STEM-based E-Module were placed in the blueprint as
guidance for developing the digital form. Besides preparing the learning material inside
STEM-based E-Module, in this step also preparing the component about the validation sheet

for expert judgment, as like content, language and legibility, graphic and presentation, and
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also STEM (Science Technology Engineering Mathematics). The other research instrument
that was constructed, questionnaire for students.

c. Develop

The third step was the digitalization of STEM-based E-Module according to its blueprint
that has been made in the previous step. The digitalization also including made link for
students to put their answers and responses in all activities. STEM-based E-module could be
read in .pdf form or with application in android or iOS system on your handphones such as
playbook, moon+ reader, and lithium. Those were making it students easier to access E-
Module and could read anytime and anywhere. After digitalization’s process has been done,
the expert gives their judgment of STEM-based E-module with content, language and
legibility, graphic and presentation, and also STEM (Science Technology Engineering
Mathematics) component. Then, test the E-Module to non-subject students after validation
has been done. Revisions are made based on suggestions from experts and test results. The
expert judgment validation was analyzed by the category based on (Supranto, 2000), that the

class length is obtained 0.75. The category was explained below in Table 1.

Table 1. Category of expert judgement validation

Score Range Category
3.25-4.00 Very valid
2.50-3.24 Valid
1.75-2.49 Invalid
1.00-1.74 Very Invalid

d. Implementation

These fourth steps were all about implementing STEM-based E-module in learning
science, which was done by the subject 26 students who take an environmental course in
teacher and education faculty Universitas Pakuan, Bogor. They were divided into seven
groups, and each group consists of 3-4 students. This implementation was done in three
meetings with different topics that include environmental pollutions by using a qualitative
descriptive method. Those meetings were soil pollution as activity 1, water pollution as
activity 2, and air pollution as activity 3. The meetings conducted by virtual were observed,
and students' question quality data were taken using video recording (free conference call
application), chat transcriptions of discussion (WhatsApp application), and the results of
students' responses from the pojok inquiry. The responses of students about learning activity

using STEM-based E-module were recorded by questionnaire. The data is then analyzed by
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question quality category based on (Cautinho & Almeida, 2014). The category could be
described as follow Table 2 below.
Table 2. Question quality category

%ulf;ti'fyn Category Description Question Type
Closed Information Questioning about information or fact What...?
Question Direct and simple answer with only ‘yes or no’ Where...?
(Low Level) answer. Which...?
It almost tends to technical question.
Understanding  Question that need explanation which help students Why...?
get their concept, fact, phenomena, task, and
procedure.
There is no direct and simple answer. How...?
Open Relationship The purposes of the question are to comprehend the Which
Question causes and consequences. consequences...?
(High Level) Question has relationship with two or more concepts. Which

differences...?
What happen...?

Evaluation Students try to find the guide to make a decision or Which is the
express their personal opinion. best...?
This question shows students’ point of view, their What is
choices, and judgement for a problem. opinion...?
What do we think
about...?
Finding and The question purposes are to comprehend a complex What if...?
Solution problem.
The answer is related with identification or solution if...then....

from a problem.

e. Evaluation

The last step is to evaluate the implementation of STEM based E-Module in science
learning. Analyzed the strength and weakness of implementation and analyzed the
effectiveness of STEM-based E-Module implementation towards questions quality of

students' prospective teachers. The next steps were the final revisions of E-Modul.

3. Results and Discussion
Development STEM based E-Module

Based on the development design method used to construct STEM-based E-Module,
ADDIE adapted from (Molenda 2015), the first steps are needed analysis about students
question skills during a teaching-learning activity, especially in learning science. Based on the
preliminary study about students' questioning skills in science learning, it shows that students'
questioning skills are still in low-level quality (closed question) by using lecturing and

laboratory activity (Nurramadhani, 2019) and reading assignment (Nurramadhani & Permana,
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2020). So, pertaining to these results, in order to generated questions quality of students
developed toward higher quality, there should be another teaching material that helps to learn
activity which is integrated between reading, laboratory activity, science, technology,
engineering, and mathematics, which those can make students higher-order thinking skills,
include the critical thinking and questioning skills are improved.

Thus, based on the preliminary study results, there are notions of making teaching material
that integrates and develops students' questioning skills. That notion is developing STEM-
based E-Module. Before developing E-Module, it is needed to be designed first. It was
suitable from the ADDIE method, the next step after analyzing designs. In this step, designing
STEM-based E-Module are divided into several procedures, such as make a chapter based on
the topic that will be given to the subject become three-chapter excluded the introduction.
Then, every chapter must include several activities that lead students can create critical
thinking and curiosity. After that, they can construct their great questions. The material
created on STEM-based E-Module also science topics that integrated each other as science,
technology, engineering, and mathematics that figures out from the concept, and activity. All
of the designs are made in a blueprint, which is given to the multimedia expert to be
digitalized.

Develop a STEM-based E-Module after it is designed. Construct E-Module blueprint is the
important one for a guide to developing it in digital. The content of the blueprint is all about
what inside the E-Modul, such as learning goals, table of content, learning material in every
chapter, the layout, pojok eksplorasi (the activity that asks students to do the exploration and
experiment with the worksheet as guidance), pojok wawasan (the activity that asks students to
answer all the multiple choices questions related to material that is given in every chapter),
and pojok inquiry (the activity that asks students to make their questions based on reading
material that provided in every chapter). Besides blueprint, it also needed to design all
research instruments and validation sheets for expert judgment.

The development process of digitalization of electronic module has the purpose of making
students' motivation in learning and making a more comfortable to learn. His statement in line
with Daghan (2017) that the students explained the benefits of technology or digitalization as
facilitating communication, making their lives more comfortable, acquiring the information
more manageable, and providing the sharing of information not only among them but also

from others across the discipline. This electronic module can be read in .pdf form or Android
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or i0S system on handphones such as playbook, moon+ reader, and lithium. Students today
are including in millennial or Z generation who attached with gadget and technology is
around them. It was also suitable for this era, revolution industry 4.0, which needs technology
integrating with science, mathematics, and engineering to solve the problem. Before this
STEM-based E-Module is implemented to the subject, it is through validating expert
judgment to make sure of its feasibility. The validation from STEM-based E-Modul is based
on content, language and legibility, graphic and presentation, and STEM (Science Technology
Engineering Mathematics) components. The results of STEM-based E-Module expert

judgment validation are briefly explained in Table 3 below.
Table 3. STEM based e-module expert judgement validation

No Component Average Score Category
1 Content 44 Very valid
2 Language and Legibility 4.5 Very valid
3 Graphic and Presentation 4.4 Very valid
4 STEM 4.3 Very valid

Table 3 provides that information the STEM-based E-Module is feasible to implement in
science learning because all the component that has been scored by expert judgment reaches
the very valid category with revisions in little aspects such as typing error or some layout for
picture and illustration that has already revised. The cover and content view of STEM-based

E-Module are shown in Figure 1 below.
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Figure 1. STEM based e-module cover and learning aims
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STEM-based E-Module is an integrated teaching material that is constructed in electronic
form. All the topics and content are containing the integration of science, technology,
engineering, and mathematics. STEM-based E-Module also provides the way to get used to
asking a question for students by placing all the sub-topics with interrogative sentences. Not
only the content and interrogative sentences but also the activity that is included in E-Module.
There are three acts in every chapter or topics, for instance, pojok eksplorasi (the activity that
asks students to do the exploration with a worksheet as guidance), pojok wawasan (the
activity that asks students to answer all the multiple choices questions related to material that
is given in every chapter), and pojok inquiry (the activity that asks students to make their
questions based on reading material that provided in every chapter) that has a link which
students can fill their task, response, and answer to google form directly. There is an example

of three activities in STEM-based E-Module, as shown in Figure 2.

POJOK INQUIRY
POJOK WAWASAN POJOK EKSPLORASI

Kerjakan dan JAWABLAW secara mandii beberapa pertanyaan terkait pencemaran udara n bagian darl kegiatan percobaan dan pengamatan terkait
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pesbandingan dan deskrips lmiah,

3. Kams

Tanoh den Kehidupan

Figure 2. Sample of pojok wawasan, pojok eksplorasi, and pojok inquiry

The next stages are the implementation of the STEM-based E-Module to the students. In
this implementation, the learning activity is conducted in online learning because of pandemic
COVID-19. So, before this implementation has begun, all the experimental apparatus and
substances needed in this activity are sent to students' homes. A week before conducting the
first meeting, students describe how to use the apparatus and substances and explain the
application used in the learning. This learning is conducted in three meetings in three weeks.
Activity 1 about soil pollution, activity two about water pollution, and activity three about air

pollution Every meeting used WhatsApp group chat and free conference call (FCC)
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application for learning. All the data from 7 groups of students are taken by making a
transcript of students questioning in discussion sessions and presenting their experimental
results. Even though the learning activity is conducted by online learning, students never lose
their motivation to conduct their activity at home, so that when the meeting has begun, the
discussion session was full of questions. The right procedure and good quality of
experimental work by hands-on activity can promote the engagement, curiosity, and interest
of students and develop a range of their skills especially higher-order thinking skills, science
knowledge, and conceptual understanding (Kizilaslan et al., 2020). Those activities are
divided and well distributed to each person, whether they are not conducting it together unless
they share the concept as a group. After conducting the presentation on each topic, they fill
the worksheet in pojok eksplorasi activity and done their reading test on pojok inquiry activity
to put their questions based on what they read from the passage. From this activity, the data of
student's questions quality are gained.

The last steps are evaluation from the implementation and input from the students based
on the questionnaire. For example, they like STEM-based E-Module and experiment activity,
but they do not like reading tests on it. They also ask to put more illustrations so that they are
interested in reading. Other than to evaluate from this implementation are the experiment
activity conducted from home is less effective rater than direct meeting at the classroom.
Direct meetings include the guided practice, self-reflection, sharing, and learning community
directly with the emotions and full-body movement that affect the students' learning (Yeh,
2009).

Students’ Generated Question Quality

The implementation of STEM-based E-Module to the students, which is divided into seven
groups. Each group has done every single exploration activity for each topic. There are three
topics and activity that has been done in three meetings based on pojok eksplorasi as guidance
for students. All the student’s questioning skills data are taken from two activities, and there
are exploration activities from pojok eksplorasi activity and students’ responses in pojok
inquiry activity. The results of students generated questions quality are shown briefly in figure

3 below.
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Figure 3. The results of students’ generated questions quality based on pojok inquiry activity
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Figure 4. The results of students’ generated questions quality based on pojok eksplorasi activity

Pertaining from both data, Figure 3 and Figure 4 generally said that the generated
questions quality of students improved after implementations of STEM-based E-Module in
science learning. From both of the data above, the question quality category is analyzed
between activity 1, which explains soil pollution, activity 2, which explains water pollution,
and activity 3, which explains air pollution. The general result from both data shows that
students' generated questions quality rose gradually from activity 1 until activity 3 during
science learning by using STEM-based E-Module. It is indicated by the category results of
percentages number such as information and understanding as closed questions decrease,

144



while relationship, evaluation, and finding & solution as open questions increase. The factor
that influences those results is the form of the module as the teaching material itself. E-
Module is the electronic module that makes students get their motivation to learn because
students in this era are a Z generation attached by their gadget and technology. Teenagers who
include in millennial and Z generation are called a digital native's group, who have different
expectations and behaviors toward using digital media; we can say that they are born with
technology. Implementation of electronic books (e-books) such as E-module for learning and
activity is needed, especially in a science subject, that younger students prefer reading e-
books for improving some skills that are important for them in everyday life (Wood et al.,
2010; Woody et al., 2010; Liu & Huang, 2008). Besides that, the electronic form also can
make learning easier both for students and teachers. They can open the module anywhere and
anytime on their hand. Teachers can make a score for students easier than usual because all
the data has already been put in digital. Students like to learn using STEM-based E-Modul
from the responses of students because of the picture and easiness to learn.

Students' generated questions quality is developed generally, but it has a different trend
between pojok inquiry and pojok eksplorasi activity results, specifically from activity 1 until
activity 3. According to pojok inquiry activity results, activity 1 as soil pollution topics gets
the greatest number of students asking questions' category is information (35%) and
understanding (38%), while the least number of students asking questions' category are
evaluation (25%) and finding & solution (21%). Then, activity 2 as water pollution topics get
the greatest number of students asking questions' category are evaluation (42%) and finding &
solution (52%), while the least number of students asking questions' category is information
(33%). Activity 3, as air pollution, has to decrease the number of percentages on finding &
solution (28%) as open questions quality category and to increase the number of percentages
on information (32%) as closed questions quality category.

The data above shows increasing students' questions quality from closed questions to the
open questions in activity 1 to activity 2. Because the students have already engaged in this
learning and the topics have close related one and another. On the other hand, the student's
generated questions quality started decreasing in activity 3 because most of the students said
that this topic is quite hard to understand based on the survey. Besides these reasons, most of
them feel boring and lazy to read the reading material given in pojok inquiry activity.

Because pojok inquiry activity is all about reading the narration, students respond by their
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questioning skills. According to Teixeira-Dias et al. (2005), students will ask questions if they
are engaged and interested in the topics they learned. If they are not interested, so they lack to
ask questions. If they are lazy to read, so they are lack literacy, then leads to a lack of
curiosity, after that, the quality of questions would not be improved. It means that the
student's literacy in this research is still low, whereas literacy is essential for students.
Students' higher literacy skills, the more quality of students' higher-order thinking skills to
decision-making, critical thinking, and inquiry are question skills (Mardliyah, 2019; Yuriza et
al., 2018). Reading skill, reading interest could be affected by cognitive activity (Uusen &
Mutrsepp, 2012; Kintsch & Rawson, 2005). Most of the students include university students,
have insufficient reading skills, they tend to skim during the reading (Huang et al., 2013;
Uusen & Mudrsepp, 2012).

Different from results on pojok inquiry activity, the results of pojok eksplorasi activity has
improved gradually on students' questions quality category. Closed question quality are
decreasing by the time activity begun from activity 1 (understanding —54%), activity 2
(information —15%), and activity 3 (information —8%), while open question quality increasing
from activity 1 (finding & solution —0%), activity 2 (finding & solution — 50%), and activity 3
(finding & solution —50%). It because students are motivated with hands on activity which
promotes their curiosity. Implementation of hands-on experimental activity can make students
improve their higher-order thinking skills, such as critical thinking skills and inquiry skills
like questioning skills. STEM based E-module contains experimental activity in STEM-based
will show their interest and improve their skills, for instance inquiry or questioning skills
when they do something new, and they like it, such as experimental activity based on STEM
learning and electronic module (Kennedy & Odell, 2014; Wai et al., 2010). In the laboratory
activity integrated with science, students are using the scientific inquiry method and improve
inquiry skills. Inquiry refers to scientists study the research, propose ideas, explain and justify
the fact from investigation (Kaberman & Dori, 2009). It also supported by the integrated
STEM material that combine all the four-science subject with mathematics, technology, and
engineering together in combines that students must be created, thus it promotes student's
problem-solving skills, critical thinking skills, and others higher; thus thinking skills. Students
can also actively discuss in discussion forum about what higher-order in an experimental
activity that is integrating with STEM. All of the theme of experimental activity is related and

integrated in student's daily life. They also modified their experimental design according to

146



their condition. The example of students' experimental design based on STEM, which
students have done briefly, is shown in Figure 5 below.

Figure 5. The students’ experimental design from pojok eksplorasi

Even though the students' question quality in the first activity remains in closed question
quality, but in the next activity, the quality of their questions is improving. Because in the first
time of exploration activity, students still adapted with the activity and learning methods, so
the questions that they are asking us all about technical questions included in the information
category as closed question quality. The novel finding is found during the research; that is, the
students will pose the quality of their open questions if the lecturer also poses a good quality
level of questions. The teacher questions quality might relate to students' questions quality
when the teacher poses the questions about procedural and fact-based, which is included in
closed questions quality, so the students do (Almeida, 2010). The lecturer poses the students'
guestions to encourage students to ask a question because sometimes students are ashamed to
pose questions in front of the lecturer directly. In line with Becker's (2000) research, many
students have stopped asking questions, and they do not express a desire to discover and
debate because they are not confident. So, if this STEM-based E-Module would be
implemented in the school, it must be having ascertained that teacher has already had a good
question ability. The example of students' questions during pojok inquiry activity and pojok

eksplorasi activity by using STEM-based E-Module in Table 4.

Table 4. Example of students’ questions quality from pojok inquiry activity and pojok eksplorasi activity by
using STEM based e-module

Question Quality

Category

Pojok Inquiry Activity

Pojok Eksplorasi Activity

Closed Question
(Low Level)

Open Question
(High Level)

Information

Understanding

Relationship

What is shifting field activity?

How is the oil washing tools
works when it washing to
maintain contaminate soil?

What will happen if pollutant in
the water and do not overcome
properly in a long time?

Is food coloring effect the plant
stem become colorful?
Why sprout changing they color
become purple?

What will happen if soil poured
by vinegar, will the fungi life
there?
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Question Quality

Category

Pojok Inquiry Activity

Pojok Eksplorasi Activity

Evaluation

Finding & Solution

Technology are invented and
created with two blades, easiness
human work, but have an affect to

environment. Is there any
possibility to crated the
technology which can give an
advantage for both human and
environment and what kind of
technology?
If the society and government has
already give others counseling
about land and its advantage, why

Container 3 there is no air
circulation and with cricket
inside, while container 2 there
is air circulation and with
cricket inside. Why cricket in
container 2 died sooner than the
other cricket? What is happen
with the design?

I think that if | change cricket
with butterfly, is it still the
same for the endurance of

there are many people still make
soil damage?

butterfly with cricket? they are
insect.

4. Conclusion

According to the results, it can be concluded that generally, students' generated questions
quality is slightly developed, which means they have already attained the beginning of open
question category as a higher level of questions. However, the close question category has the
greatest number of questions which is asked by students. The student's questioning skills
gradually improve in the open question's category, such as relationship, evaluation, and
finding & solution. Thus, STEM-based E-Module can make students' questions quality
develop, although still in a small amount. The questioning skills' quality of students will be
better if the implementation of those activities already applied in this research becomes a
habit. The questioning skills' quality will also improve dramatically if the lecturer also helps
or scaffold the best technique of questioning to the students, which means that the teacher's

lecturer should have the good ability to pose the questions.

Acknowledgements

We thank to Ministry of Education and Culture, Ristek-Brin (Dikti) that has funding this
research which is include in PDP scheme according to grant competition number
014/SP2H/LT-MONO/LL4/PP/2020, so that this research run very well. | also thank to
Science Education Study Program Universitas Pakuan (UNPAK), Teaching and Education

Faculty who gave us an opportunity, courage, and advices during the research.

148



References

Acisly, S., Yalgm, S. A., & Turgut, U. (2011). Effects of the SE learning model on students’
academic achievements in movement and force issues. Procedia-Social and Behavioral
Sciences, 15, 2459-2462.

Almeida, P. A. (2010). Classroom questioning: teachers’ perceptions and practices. Procedia-
Social and Behavioral Sciences, 2(2), 305-309.

Herawati, D., & Ardianto, D. (2017). Pre-Service science teachers socioscientific
argumentation: A decision regarding nuclear power Plant. In2nd Asian Education
Symposium (AES 2017) (pp. 390-394).

Bates, S. P., Galloway, R. K., Riise, J., & Homer, D. (2014). Assessing the quality of a
student-generated question repository. Physical Review Special Topics-Physics Education
Research, 10(2), 020105-1-020105-11.

Becker, R. R. (2000). The critical role of students' questions in literacy development. The
Educational Forum, 64(3), 261-271.

Bottomley, S., & Denny, P. (2011). A participatory learning approach to biochemistry using
student authored and evaluated multiple-choice questions. Biochemistry and Molecular
Biology Education, 39(5), 352-361.

Breiner, J. M., Harkness, S. S., Johnson, C. C., & Koehler, C. M. (2012). What is STEM? A
discussion about conceptions of STEM in education and partnerships. School Science and
Mathematics, 112(1), 3-11.

Coutinho, M. J., & Almeida, P. A. (2014). Promoting student questioning in the learning of
natural sciences. Procedia-Social and Behavioral Sciences, 116, 3781-3785.

Chin, C., & Osborne, J. (2008). Students' questions: a potential resource for teaching and
learning science. Studies in science education, 44(1), 1-39.

Chin, C., & Brown, D.E. (2000). Learning deeply in science: An analysis and reintegration of
deep approaches in two case studies of Grade 8 students. Research in Science Education,
30(2), 173-197.

Chin, C., & Kayalvizhi, G. (2005). What do pupils think of open science investigations? A
study of Singaporean primary 6 pupils. Educational Research, 47(1), 107-126.

Chin, C. (2001). Learning in science: what do students’ questions tell us about their thinking?.
Education Journal, 29(2), 85-103.

Collins, A. A., Lindstrom, E. R., & Compton, D. L. (2018). Comparing students with and
without reading difficulties on reading comprehension assessments: A meta-
analysis. Journal of Learning Disabilities, 51(2), 1-16.

Daghan, G. (2017). Views of students about technology, effects of technology on daily living
and their professional preferences. TOJET: The Turkish Online Journal of Educational
Technology, 16(4), 187-194.

Daryanto. (2013). Menyusun modul: Bahan ajar untuk persiapan guru dalam mengajar. Gava
Media.

Dominguez, C., & Jaime, A. (2010). Database design learning: A project-based approach
organized through a course management system. Computers & Education, 55(3), 1312-
1320.

149



Gilson, C. M, Little, C. A, Ruegg, A. N., & Bruce-Davis, M. (2014). An investigation of
elementary teachers’ use of follow-up questions for students at different reading
levels. Journal of Advanced Academics, 25(2), 101-128.

Hashim, H. (2018). Application of technology in the digital era education. International
Journal of Research in Counseling and Education, 1(2), 1-5.

Huang, Y. M., Liang, T. H., & Chiu, C. H. (2013). Gender differences in the reading of e-
books: Investigating children's attitudes, reading behaviors and outcomes. Journal of
Educational Technology & Society, 16(4), 97-110.

Istuningsih, W., Baedhowi, B., & Sangka, K. B. (2018). The effectiveness of scientific
approach using e-module based on learning cycle 7e to improve students’ learning
outcome. International Journal of Educational Research Review, 3(3), 75-85.

Kaberman, Z., & Dori, Y. J. (2009). Question posing, inquiry, and modeling skills of
chemistry students in the case-based computerized laboratory environment. International
Journal of Science and Mathematics Education, 7(3), 597-625.

Kaldi, S., Filippatou, D., & Govaris, C. (2011). Project-based learning in primary schools:
Effects on pupils' learning and attitudes. Education 3-13, 39(1), 35-47.

Kalolo, J. F. (2019). Digital revolution and its impact on education systems in developing
countries. Education and Information Technologies, 24(1), 345-358.

Kennedy, T. J., & Odell, M. R. L. (2014). Engaging students in STEM education. Science
Education International, 25(3), 246-258.

Kintsch, W., Rawson, K. A. (2005). The  Science of Reading: A Handbook, Chapter
Comprehension, Snowling, M. J., & Hulme, C. E. (Eds.). Blackwell Publishing.

Kizilaslan, A., Zorluoglu, S. L., & Sozbilir, M. (2020). Improve learning with hands-on
classroom activities: Science instruction for students with visual impairments. European
Journal of Special Needs Education, 1-22.

Ledn, J., Nufiez, J. L., & Liew, J. (2015). Self-determination and STEM education: Effects of
autonomy, motivation, and self-requlated learning on high school math
achievement. Learning and Individual Differences, 43, 156-163.

Liu, Z. M., & Huang, X. B. (2008). Gender differences in the online reading environment.
Journal of Documentation, 64(4), 616-626.

Mardliyah, A. A. (2019, February). Budaya Literasi Sebagai Upaya Peningkatan
Keterampilan Berpikir Kritis di Era Industri Revolusi 4.0. In Prosiding SNP2M (Seminar
Nasional Penelitian dan Pengabdian Masyarakat) UNIM (No. 1, pp. 171-176).

McQueen, H. A., Shields, C., Finnegan, D. J.,, Higham, J., & Simmen, M. W. (2014).
PeerWise provides significant academic benefits to biological science students across
diverse learning tasks, but with minimal instructor intervention. Biochemistry and
Molecular Biology Education, 42(5), 371-381.

Molenda, M. (2015). In search of the elusive ADDIE model. Performance
Improvement, 54(2), 40-42.

Moore, T. J., Glancy, A. W., Tank, K. M., Kersten, J. A., Smith, K. A., & Stohlmann, M. S.
(2014). A framework for quality K-12 engineering education: Research and
development. Journal of pre-college engineering education research (J-PEER), 4(1), 2-13.

Morrison, J. (2006). Attributes of STEM education: The student, the school, the
classroom. TIES (Teaching Institute for Excellence in STEM), 20, 2-7.

150



Nugraha, D. A., Binadja, A., & Supartono. (2013). Pengembangan bahan ajar reaksi redoks
bervisi SETS, berorientasi konstruktivistik. Journal of Innovative Science Education, 2(1),
27-34.

Nurramadhani, A., & Permana, I. (2020). Kualitas keterampilan bertanya mahasiswa dalam
kegiatan laboratorium sains melalui tugas membaca (reading assignment): Prosiding
Seminar Nasional Online (Webinas) 16 Juni 2020.

Nurramadhani, A. (2019). Profil kualitas keterampilan bertanya mahasiswa calon guru dalam
pembelajaran sains. Pedagonal: Jurnal limiah Pendidikan, 3(2), 1-9.

Papinczak, T., Peterson, R., Babri, A. S., Ward, K., Kippers, V., & Wilkinson, D. (2012).
Using student-generated questions for student-centred assessment. Assessment &
Evaluation in Higher Education, 37(4), 439-452.

Refirman, Supriyatin, Suprapto, M., & Jajang Miharja, J. (2017). Developing module
integrated multimedia with laboratory guidelines for high school students on human
circulation system (research and development). Proceeding International Seminar on
Science Education, (Vol. 3, pp. 287-292)

Saykili, A. (2019). Higher education in the digital age: The impact of digital connective
technologies. J. Educ. Technol. Online Learn, 2(1), 1-15.

Serevina, V., Sunaryo, Raihanati, Made, A. 1., Juwita, S. I. (2018). Development of E-module
based on Problem Based Learning (PBL) on heat and temperature to improve student's
science process skill. Turkish Online Journal of Educational Technology-TOJET, 17(3),
26-36.

Song, D. (2016). Student-generated questioning and quality questions: A literature review.
Research Journal of Educational Studies and Review, 2(5), 58-70.

Stohlmann, M., Moore, T. J., & Roehrig, G. H. (2012). Considerations for teaching integrated
STEM education. Journal of Pre-College Engineering Education Research (J-
PEER), 2(1), 28-34.

Sugihartini, N., & Jayanta, N. (2017). Pengembangan e-modul mata kuliah strategi
pembelajaran. Jurnal Pendidikan Teknologi dan Kejuruan, 14(2), 221-230

Supranto, J. (2000). Statistik: Teori dan aplikasi edisi keenam. Erlangga.

Teixeira-Dias, J. J., Pedrosa de Jesus, H., Neri de Souza, F., & Watts, M. (2005). Teaching for
quality learning in chemistry. International Journal of Science Education, 27(9), 1123-
1137.

Uusen, A., & Mudrsepp, M. (2012). Gender differences in reading habits among boys and
girls of basic school in Estonia. Procedia-Social and Behavioral Sciences, 69, 1795-1804.

Voithofer, R. (2005). Designing new media education research: The materiality of data,
representation, and dissemination. Educational Researcher, 34(9), 3-14.

Wai, J., Lubinski, D., Benbow, C. P., & Steiger, J. H. (2010). Accomplishment in science,
technology, engineering, and mathematics (STEM) and its relation to STEM educational
dose: A 25-year longitudinal study. Journal of Educational Psychology, 102(4), 860-871.

Warburton, K. (2003). Deep learning and education for sustainability. International Journal
of Sustainability in Higher Education, 4(1), 44-56.

Wood, C., Pillinger, C., & Jackson, E. (2010). Understanding the nature and impact of young
readers’ literacy interactions with talking books and during adult reading
support. Computers & Education, 54(1), 190-198.

151



Woody, W. D., Daniel, D. B., & Baker, C. A. (2010). E-books or textbooks: Students prefer

textbooks. Computers & Education, 55(3), 945-948.

Yeh, Y. C. (2009). Integrating e-learning into the Direct-instruction Model to enhance the
effectiveness of critical-thinking instruction. Instructional Science, 37(2), 185-203.

Yuriza, P. E., Adisyahputra, A., & Sigit, D. V. (2018). Correlation between higher-order
thinking skills and level of intelligence with scientific literacy on junior high school
students. Biosfer: Jurnal Pendidikan Biologi, 11(1), 13-21.

152



