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ABSTRACT

This study is aimed to produce a Mechanics Problem Based Learning module, that is feasible to use in physics
learning on Mechanics topic. The research method uses Research and Development (RnD). The instruments are
questionnaires of module feasibility test and questions validity test. The validators are a construct validator from
physics education lecturer and five content validators from pure physics lecturers. All validators are chosen from
three state universities in Indonesia. The questions in this module fulfill the analytical thinking skill indicators
based on Bloom's Taxonomy. The result of the module feasibility test is analyzed by using the Ideal Evaluation
Criteria in Scale 5. Meanwhile, the result of the questions validity test is analyzed by using content validation ratio
(CVR). Due to the result of the study, the Mechanics Problem Based Learning module is generally feasible to be
used in physics learning on Mechanics topic. Owing to the general score of 4.06 out of 5.00 acquired, the module
is included in the feasible category. Whereas the set of questions in the module is valid because it is included very
useful category. All sub-indicators obtain CVR score of 1 as a perfect score. The module is revised based on
validators’ comments and adapted to the theory. Therefore, both the materials and the set of questions could be
used to measure students’ analytical thinking skill in physics learning on Mechanics topic.

Keywords: physics, Mechanics, Problem Based Learning, analytical thinking skills.

1. INTRODUCTION Analytical thinking skills in physics are needed to
solve problems in daily life [5][6]. Bloom's taxonomy

The development of science and technology is  analytical thinking skill is included in the cognitive
quickly increasing various challenges in human life.  domain of C4 at the High-Level Thinking Skills (HOTS)

Tight global competition requires human resources who level [7][8]. Problem Based Learning (PBL) is a module
have 21st-century skills. The 21st-century skills consist  discussing problems in learning thus students could
of many indicators, one of them is analytical thinking improve analytical thinking skills [9][10]. Wherefore

skill [1][2]. The analytical thinking skill of Indonesian ~ PBL could be used to measure students' analytical

students is still low. This could be observed by the result  thinking skills. It could be concluded that the PBL model
of the Programmed Program for International Student is feasible to be used in physics learning.

Assessment (PISA) in 2018 which was attended by 79
countries, included Indonesia. From the study result,
Indonesia is in the bottom line for either mathematics or
science category [3][4].
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2. LITERATURE REVIEW

2.1.Problem Based Learning (PBL) Module

A module is a teaching material arranged
systematically and easily understood [11]. The module
also contains all related learning material. The module
is adapted to the age and level of knowledge of the
students thus they could study independently. The
module should not depend on other teaching materials
to teach students to learn independently. The module
instructions are simple, easy-to-understand, and use
commonly used terms [12][13]. Wherefore the
module is a teaching material systematically compiled
by the teacher in simple and easy-to-understand
instructions and the module does not depend on other
teaching materials.

Problem Based Learning (PBL) module is written
based on Arends [14]. This module contains the main
components of PBL, which is daily-life-problems
[15]. The Theory of Constructivism pointed out that
Problem Based Learning (PBL) emphasizes the
existence of interdisciplinary problems to habituate
students becoming lifelong learners [16][17]. By using
problem-solving in everyday life, the PBL module
could improve 21st-century skills [18][19]. The 21st-
century skills consist of think critically, analytically,
and creatively [20]. As a result, problem-solving
questions in PBL require the students to use analytical
thinking skills so the student would have 21st-century
skills.

The characteristics of PBL are problem-centered,
student-centered, self-directed (students generalize
learning problems and processes), self-reflective
(students monitor their understanding and set their
learning strategies), and the teacher serves as a
facilitator [21]. The syntaxes of the PBL are
implemented on the Mechanics Problem Based
Learning module. The syntaxes complying with
Arends [22] could be formulated as follows. First,
orienting students to the problems is presented in
Phase | on each question in this module. It has an
introduction story about a physics problem in daily
life. Second, organizing students to study is presented
in Phase Il on each question in the module. It has
instructions for students to define and organize the
problem. Third, guiding individual and group
investigations should be provided to collect
appropriate information, carry out experiments to get
explanations and solutions to problems. But, this
module actually does not contain this step because the
investigation should use teaching media out of the
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module, such as virtual lab. It causes a difference with
the theoretical basis, namely the module should not
have to be used together with other teaching materials
[12][13]. Fourth, developing and presenting result is
presented in Phase 11l each question in the module. It
has instructions to make a solution for each problem
[22]. Fifth, analyzing and evaluating the problem-
solving process by a reflection or evaluation is also not
be contained in this module. Reflection or evaluation
of the problem-solving process should be held by the
teacher in real lesson in the school. Consequently, the
Mechanics Problem Based Learning module has only
accomplished the first step, the second step, and the
fourth step of the syntaxes of the PBL.

2.2.Analytical Thinking Skill

The analytical thinking skill is a skill of
simplifying a concept into smaller parts, then
searching relationships between parts and gaining an
understanding of a concept [23]. Analytical thinking
skill has a higher Ilevel than remembering,
understanding, and applying in taxonomies in the
cognitive field [24][25]. Hence, analytical thinking
skill is a higher level of understanding by simplifying
a concept into smaller parts connecting all parts, and
make the solution.

This module could be used to measure analytical
thinking skills by presenting problem-solving
questions. By problem-solving questions, students are
encouraged to use analytical thinking skills through 3
(three) levels obeying Bloom's taxonomy [26]. First,
students would pass the elemental analysis when they
could divide a problem into several parts to identify
them in detail. Second, students would pass the
relation analysis when they could explain the
relationship between one part to another part of the
problem. Third, students would pass the analysis of
organizing principles when students could make
solutions to problem-solving questions and
communicate the result of problem-solving. If students
could pass these 3 levels, students could use analytical
thinking skills. In consequence, it would be important
to present problem-solving problems in this module.
The questions in this module have been made using a
classification of three analytical thinking skill levels
following Bloom's taxonomy.

3. RESEARCH METHODS

This research study conducted uses Research and
Development (R&D) type based on 4D model, namely
define, design, develop and disseminate [27]. This
research study accomplishes defining, designing, and
developing steps. The purpose of this study is to
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produce a Mechanics Problem Based Learning module
that is feasible to use in physics learning on Mechanics
topic. The final result of this study is Mechanics
Problem Based Learning module. For measuring
Mechanics Problem Based Learning module, the
module validity instruments are questionnaires of
module feasibility test and questions validity test. The
set of questions in the module ought to fulfill
analytical thinking skills based on Bloom’s Taxonomy
by providing a writing outline of each question. The
guestionnaires are sent online to six expert validators.
The six validators are six physics lecturers from three
state universities in Indonesia. The selection of these
validators is according to the theoritical basis of
construct validation and content validation. Construct
validation is carried out by educational lecturers who
are experts in the field of evaluation or teaching
materials, and content validation (physics) is carried
out by pure lecturers who are experts in the field of
concepts being made.

3.1.Data Collection Techniques and
Instruments

Table 1. Questionnaire indicators of the module
feasibility test

Aspect Indicator ‘

—

Contents The  feasibility —of  module

objectives and learning objectives.

2.  The essential of materials and

tasks.

3. The feasibility of material and
details with PBL syntax.

4. The feasibility of problem

orientation with purpose.

5. Guiding on problem formulation.

6.  Guiding for the formulation of

hypotheses.

7. Complete tools and materials.

8. Providing report format.

9. Providing feasible questions.

10.  Arrangement of activities supports

scientific literacy skills.
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1.  The preparation of activities

supports analytical thinking skills.

12.  The feasibility of the writing

manner used in the module.

13.  The clarity and effectiveness of the

images used.

14. Modules could encourage
students to use the scientific

method.

Language | 15. Language features used are

according to the rules of proper

Indonesian language.

16. The language features used are
communicative.

17.  The

simplicity —of  sentence

structure.

18.  The sentences used are easy to

understand.

The questionnaire of questions validity test
consists of 5 indicators, there are feasibility of content
and existing indicators, completeness of the
instruments, construction, feasibility of content, and
language. Details of each indicator of the
questionnaire are presented in Table 2.
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Table 2. Indicators of the questionnaire of question
validity test

Language 1. Obeying the rules of proper and
appropriate Indonesian
language

2. Using communicative language.

3. Thelanguage sentences is clear,

so it would not cause multiple

interpretations

3.1.1. Data analysis

The result of the questionnaire of the module
feasibility test is analyzed using the Ideal Evaluation
Criteria in Scale 5 by Azwar [28].

Table 3. Ideal Evaluation Criteria in Scale 5
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Table 4. CVR Category Criteria

Indicator Statement

Feasibility of 1. The feasibility of the statements

content and and the element analysis
existing indicator (matching and
indicators classifying). (Items 1-4)

2. Thefeasibility of statements and
relationship analysis indicators

(error analysis). (Item 5-10)

3. The feasibility of the statement

and the indicators of the
organizing principle analysis
(generalization and

specification). (Items 11-16)

Quantitative Score Range Category ‘
X > X1+ 1,85Bi Very Feasible
X1+ 0,6 SBi <X <Xi+ 1,85Bi Feasible

Xi— 0,6 SBi < X <Xt + 0,65Bi

Quite Feasible

Xi— 1,8SBi < X <Xt + 0,65Bi

Less Feasible

Completeness | 4. Providing the answer keys.

of the 5. Providing the scoring rubric.
instrument

Construction 6. Clarity of the purpose of the

question

X < X1 —1,8SBi Very Less

Feasible

. - 1, . .
X isthe score, Xt is > (ideal maximum score + ideal

minimum score). The ideal maximum score is sum of
items criteria time highest score, and the minimum
ideal score is sum of items criteria time the lowest

.. 1 . . .
score. SBi is - the maximum ideal score minus the
minimum ideal score.

The result of the questionnaire validity test is
analyzed using the content validation ratio (CVR)
technique developed by Lawshe [29]. The calculation
is as follows.

ne—7
N

2
CVR is the content validity ratio, ne is the number

of validators asserting that items could be used, and N
is the total number of validators. The analytical
method of questions validity test refers to the
categorization proposed by Azwar [28] in Table 4.

CVR =

7. Clarity of the instructions for

working on questions

8. The appropriateness of the

questions and existing material

Feasibility of 9. The appropriateness of material

content 10. Directing the students to think
analytically
1. The item difficulty level

corresponds to the ability level

of Senior High School students.

Score of CVR Category

>0,35 Very Useful
0,21-0,35 Useful
0,11-0,20 Depends on the circumstances
<0M Not Useful
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4. RESULT AND DISCUSSION

4.1.Result of analysis of module feasibility
test

The result of the analysis of the module feasibility
test (18 indicators) from six expert lecturers is
presented in Table 5.

Table 5. Result of analysis of module feasibility test
based on Ideal Assessment Criteria in Scale 5

Advances in Social Science, Education and Humanities Research, volume 528

means that after a revision is written, the Mechanics
Based Learning module is feasible to be used in
physics learning on Mechanics topic.

Table 5 shows 5 from 6 validators have more
interest in the content aspect than the language aspect.
The language aspect of the module should be
improved in many indicators. On the other hand, the
content aspect is considered to have a higher level of
feasibility. The lowest average score for the content
aspect is obtained from Validator 2 which is 3.64, but
still in the feasible category. For more detailed
information, the indicators should be improved
according to Validator 2 is presented in Figure 2.

Cate- Cate-
rage | gory rage | gory | rage -
gory
1 414 Fea- 450 | Very | 4.06 | Fea-
sible Fea- sible
sible
2 3.64 Fea- | 3.25 | Quite
sible Fea-
sible
3 4.64 Very | 450 | Very
Fea- Fea-
sible sible
4 436 Very | 3.00 | Quite
Fea- Fea-
sible sible
5 4.00 Fea- 3.75 Fea-
sible sible
6 4.00 Fea- 3.75 Fea-
sible sible

5.00

1 3 5 7
Number of Indicator

9 11 13

H Score

Based on Table 5, the module is generally feasible
to be used in physics learning on Mechanics topic. The
general score obtained is 4.06 from a maximum point
of 5.00. The general score is obtained from an average
score of the result of the module feasibility test, both
in the content aspect and language aspect. Conforming
to ldeal Assessment Criteria proposed by Azwar [31],
all the scores obtained have reached (or exceed) the
quite feasible category. Accordingly, the module
could be used in physics learning on Mechanics topic
and has consistency toward all validator comments
that the module is feasible but with revision.
Furthermore, the revision is written in reference to
validator comments and adapted to the literature. It

Figure 1. Diagram of the module feasibility test result
of the content aspect of the Validator 2.

Figure 1 shows Validator 2 appraised that the
content aspect of the module should be improved in
many indicators. But, indicator number 13 obtains a
perfect score that is 5.00. It could be assumed that the
indicator “The clarity and effectiveness of the images
used” is very feasible. Meanwhile, indicators should
be improved is presented by the lowest score found in
indicators numbers 3 and 4 which is equal to 2.00.
Indicator number 3 is about the feasibility of the
material and its details toward PBL syntax, then
indicator number 4 is regarding the feasibility of the
problem orientation to the aim. Moreover, the result of
the feasibility test for the content aspect that received
low scores is found in indicators number 10 and 11,
which were 3.00. Indicator number 10 is the statement
"Preparation of activities supporting the ability of
scientific literacy." and indicator number 11 is the
statement "Preparation of activities supporting the
ability to think analytically." These four indicators are
related to each other. The reason for the low score of
these indicators is found in Validator 2°s comment that
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the substance of the module did not present the
characteristics of PBL. Due to the characteristics of
problems in PBL that should involve various scientific
disciplines, the problems in this module does not
indicated it.

Validator 2 gave an opinion that PBL ought to
presents real-world problems related to the learning
material. Consequently, students could learn the
learning topic through problem-solving using a
multidisciplinary approach. The opinion of Validator
1 is following theory that the main component of PBL
is daily-life-problems. Complying with Theory of
Constructivism from Carriger [16] and
Phumeechanya[18], Problem Based Learning (PBL)
ought to also provide interdisciplinary problems in
daily life. Hence it could conclude that this Mechanics
Problem Based Learning could measure analytical
thinking skill by using scientific process through the
daily-life-problems. The scientific process used is
relating the problems with other disciplines, then it
would make the student have interdisciplinary
understanding. For that reason, the students have
already improved analytical thinking skill to solve
problems through a scientific process. This module
has passed a revision step yet, this is re-analyzing
every problem contained in the module to fulfill the
interdisciplinary understanding. Moreover, each
problem that does not present scientific disciplines
would be added illustrative problems of analytical
thinking skills.

Back to Table 1, it could be concluded that the
lowest result of feasibility test aspects of the module
language is obtained from Validator 4. The lowest
average score for language aspects was obtained from
Validator 4, which was 3.00, but still in the quite
feasible category. For more detailed information, here
is a diagram of the result of the feasibility test of the
language aspects according to Validator 4.

5.00
4.00

% 3.00 -
» 2.00 -
1.00 -
0.00 - . . .
1 2 3 4

Number of Indicator

m Score

Figure 2. Diagram of the module feasibility test
result of the language aspect of the validator 4.
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Figure 2 shows that Validator 4 has a low interest
in the language aspects of the module. This is proved
by the uniform score of only 3.00. Validator 4 gave
comments that the sentence structure in the module
ought to be simplified and maintain the consistency of
the sentence. Unrelated information should not need to
be elaborated too much. Many sentences use “vector”
or “scalar” writing on the module that did not
appropriate. Then the sentences and images layout
needs to be tidied up. Validator 4's opinion is
following the literature from Pratowo [11] that
module is a teaching material that is arranged
systematically in a language that is easy to understand.
Then, Celik [18] and Basilotta Gomez-Pablos [19]
stated that the module use simple, easy to understand,
and use commonly used terms instructions. In
consequent, comments from Validator 4 become an
important correction for the revision of this module, so
the module could be simple, communicative, and
systematic.

The result of the study showed that the Mechanics
Problem Based Learning module is generally feasible
to be used on physics learning on Mechanics topic
with revisions, both content aspect and language
aspect. The module is revised based on validators’
comments and adapted to the theory. This module has
a general feasibility score of 4.06, accordingly it is
included in the feasible category.

4.2.Result of analysis of questions validity
test

The result of the module questions validity tested
by six physics lecturers from three state universities in
Indonesia based on indicators of the questionnaire is
presented in Table 6.

Table 6. Result of module questions validity based
on CVR analysis by Lawshe [29] and categorization
by Azwar [28]

Indicator Sub CVR  Category
Indicator
number
Feasibility 1 1 | Very Useful
content with 2 1 Very Useful
indicators 3 1 Very Useful
Completeness of 4 1 Very Useful
the instrument 5 1 Very Useful
Construction 6 1 Very Useful
7 1 Very Useful
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8 1 Very Useful
Content / 9 1 | Very Useful
substance 10 1 Very Useful
feasibility 1 1 | Very Useful
Language 12 1 Very Useful
13 1 Very Useful
14 1 Very Useful

The result of the validity question test shows that
the set of questions is valid in each indicator inside and
included in the very useful category. This result is
indicated by the score of each sub-indicator which is
above 1. The validators’ comments on the question
validity test express that questions are generally valid
in each indicator.

This module could become a new and better
alternative for teaching materials since Hendriana [21]
asserted a module is a teaching material that has many
good characteristics. Besides, Celik [19] and Basilotta
GOmez-Pablos [19] that the PBL module could
improve analytical thinking skill. According to Argaw
[15] the PBL module has the main component namely
daily-life problems. So the PBL module is able not
only as teaching material but also to measure the level
of analytical thinking skill.

Table 6 shows that indicator 5 obtains the lowest
score of 4.2. Owing to the categorization of question
validity test based on the theory of Azwar [28], the
score is still in a very useful category. The indicator
“Language” consist of three sub-indicators, namely
“obeying the rules of proper and appropriate
Indonesian  language”, “using communicative
language”, and “clear sentences”. There is a validator's
suggestion that the information in the module ought to
be more focused on delivering mechanics topic,
whereas for information out of topic is explained as
necessary. Due to the analysis of the questions validity
test, the set of questions is in the very useful category.
Furthermore, another wvalidator’s comment in the
question validity test is the questions in the module are
not in simple way. There are some language features
not conforming to the rules of proper and appropriate
Indonesian language. Some question sentences and
images also do not conform with the concept.
Thereupon the sub-indicators of question validity test
is revised namely structure of sentences, picture and
sentence layout, and simplicity of sentences.

Due to the result of questions validity, a set of
questions in the module is valid. It means that the
module is not only feasible to be used in physics
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learning on Mechanics topic but also able to measure
the level of students' analytical thinking. Conforming
with the study result of Celik [19] and Basilotta
GOmez-Pablos [19], the Mechanic based learning
module provides problem-based questions that could
be used to measure and improve students' analytical
thinking skills. Besides, according to the Prastowo
[11], Yanti [12], and Anatolevich [13], this Mechanic
based learning module has fulfilled the criteria for a
good module. Hence the Mechanics based learning
module could be used for physics learning on
Mechanics topic and able to measure the level of
students' analytical thinking. Wherefore this module
could be used by teachers as teaching materials.

Owing to the result of the question validity test, the
set of questions in the module is valid for each
indicator. The set of questions in the module is
included in the very useful category. It could be
indicated by the result of CVR techniques on each sub-
indicator of assessment aspects that are worth 1. Thus,
the set of questions in the module is valid to measure
the level of thinking analysis on physics learning on
Mechanics topic with revisions.

5. CONCLUSIONS AND SUGGESTIONS

5.1.Conclusions

The result of the study shows that the Mechanics
problem based learning module is feasible to be used
in physics learning on Mechanics topic. Module
feasibility test is analyzed by using Ideal Assessment
Criteria in scale 5 and obtain score of 4,06. Due to the
categorization by Azwar [28], the module is in a
feasible category to be used in physics learning on
Mechanics topic. Based on the analysis result of the
question validity test, it obtained a score of 1 as a
perfect score in all sub-indicators. And owing to the
categorization by Azwar [28], the set of questions in
this module is included in the very useful category. It
means that the questions in this module are valid. The
set of questions in this module also fulfill the
analytical thinking skill conforming to Bloom's
taxonomy.

5.2.Suggestions

Based on these conclusions it is suggested: (1) to
make module accomplishing syntax third and fifth
steps that need real experiment to the students, (2) to
be continued on phase ii research (pilot project stage)
with spesific indicators for each question in the
quetionnaire; and (3) to conduct a similar research that
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could improve analytical thinking skills in physics
learning on Mechanics topic.
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