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ABSTRACT

This study aims to produce and describe the development process and quality of learning set with the STEM-PBL
approach. The development model in this study was adopted from Plomp model, it is preliminary research, development,
and evaluation. The learning set developed include lesson plan and student’s worksheet for Statistics material in class
VIII using the STEM PBL approach. The quality of development can be measured by its validity, practicality, and
effectiveness. The learning set with STEM-PBL that was delevoped is valid, it was found that the warriors got very
good criteria. Practically besause in the observations of the learning implementation, it is known that learning is carried
out by 90% (teacher activities) and 96% (student activities) so that learning is carried out properly according to plan.
Meanwhile, the results of teacher assessments and student responses were good.The learning set is effective because the
results of the student’s mathematical connection ability test at high category with the acquisition of an average value of
14.2, the students learning motivation at high category with an average score of 81.7. The results of this study, it can be
concluded that the mathematics learning set developed is feasible to use.

Keywords: STEM-Education PBL, Connection Mathematics, Student’s Motivation.

1. INTRODUCTION easy to understand, provide data interpretation, and be
able to apply concepts to other fields that are suitable for

Globalization has entered a new era called the industrial cognitive structures [5]. Several studies have shown that

revolution era 4.0. Indonesia is one of the countries
participating in global development. The Industrial
Revolution 4.0 has fundamentally changed the way
humans think, live and relate to one another. This era will
change various activities. This change resulted in the loss
of many types of work [1]. This shows that every human
being must have his existence in facing global
competition by preparing mentally and skills that can
face competition. Humans are required to have
collaborative abilities, critical and creative thinking, and
be able to communicate effectively to face challenges of
the current era [2].

This kind of ability can be developed through
learning mathematics. There is a need for students to
have ability to connect mathematically [3]. The present
urgency condition of student is not good in mathematics
connection. Students who master mathematical concepts
are not automatically good at connecting mathematics
without a mathematical connection. Students must learn
and remember too many separate mathematical concepts
and procedures [3,4]. The ability of students to
understand concepts is not only proven by knowing or
remembering some of the concepts that have been studied
but also being able to reexpress in another form that is

the mathematical connection ability of junior high school
students is low [6-10].

In addition to cognitive abilities in the form of
mathematical connection, student assessment is carried
out based on the affective aspect. Motivation plays an
important the development of student potential. There is
a positive relationship between mathematical connection
ability and learning motivation [11]. However, in reality
in the field, student” s motivation toward mathematics is
classified as low, this is indicated by the fact that students
tend not to be serious in teaching and learning activities,
talking with friends or being no respond when they are
asked [12].

Developing a learning method to improve student’s
connection ability and learning motivation s
unavoidable, it requires a learning method to develop
these abilities. The solution offered is a problem-based
learning method with a STEM-Education learning
approach. This integration is expected to be the key to
success for developing a country, especially in the
context of competing for career development or
supporting 21st-century skills.  The problem-based
learning method is characterized by making the problem

Copyright © 2021 The Authors. Published by Atlantis Press SARL.

Thisis an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/.

352


mailto:indrakusumawijayanti@gmail.com

ATLANTIS

PRESS

the starting point of the learning process as a tools of
practicing problem understanding skills. The PBL
approach is more effective in increasing student
achievement, mathematical connection skills, and self-
esteem [7]. STEM integrated education combines some
or all of the four disciplines for science, technology,
engineering, and mathematics with real-world problems
[13]. Based on global needs that demand the creation of
competent humans in various fields, several studies show
that STEM connects four disciplines, they are science,
technology, engineering, and mathematics that are
suitable for use in 2013 curriculum learning. Integrate
STEM in teaching and learning science in primary and
secondary schools shows that learning can increase
achievement and interest in learning [14].

Acourding to theory, The Science, Technology,
Engineering, and Mathematics (STEM) Education
learning approach can improve student connection skills
and learning motivation. Based on observations made by
researches, it was found that the teacher had not
developed learning set for the STEM-Education learning
approach, the problem-based learning method.
Therefore, this research aims to produce mathematics
learning set for V11 grade junior high school students in
Statistics material with the STEM-Education approach to
problem-based learning methods that are oriented
towards mathematical connection abilities and student
learning motivation. The quality of the tools developed is
based on validity, practicality, and effectiveness.

2. METHOD

Three stages are used in this research procedure. First,
the preliminary research, in this initial research stage,
needs analysis, and situation analysis is carried out. An
important element in this stage is the collecting
information, defining the problem, and planning follow-
up activities based on the problems found. Researchers
do observations as a form of realization of this stage.
Second, development stage (development or prototyping
phase), the activities in this second stage is design
solutions to problems that have been defined in the initial
research. The results in this stage are documents as a form
of solution from problems found in the initial research
stage. Furthermore, in this stage, the design of the first
version; called prototype, is made. In this stage, an
alternative design is formulated to be developed related
to these problems. Then, the product development
process is also carried out at this stage. The third stage is
the assessment phase in which implementation and
evaluation are carried out to improve the product being
developed. The implementation in this stage is product
testing for grade V111 students. Product testings were held
in April-May 2020 at SMP Negeri 3 Bulu, Temanggung,
Central Java. The test subjects in this research were 13
students of VIII grade SMP Negeri 3 Bulu. The subjects
of this study used 13 volunteer respondents or more than
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50% of the minimum number of students in one class
group.

The educational development model according to
Plomp was chosen because this model is considered
relatively simple and practical [15]. The product
development procedure in this research is presented
through the chart in the following figure 1.

Preliminary Research

Material Analysis Situation Analysis

Development or Prototyping
Phase

|

FPrototype 1

Assessment Phase

/

Expert Validation

Result - Revision <

Revizion Evaluation

-

Implementation

——
Yes No

T

Product

Figure 1 The procedure of learning set development

The data analysis process in this research includes an
assessment of the validity, effectiveness, and practicality
of the learning set developed based on expert judgment
[15]. Data analysis used guidelines according to Azwar
[16] to determine the quality classification into a scale of
5 as in the Table 1 below.
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Table 1. Quality classification

Interval Mean Score ‘ Classification

% > X, + 1.5sb; Very good/very
high

X, +0.5sh; <x < X, + 1.5sb; Good/high

Xy —0.5sb; <¥ <X, +05sb; | Enough

X, —1.5sb; <X < X, —0.5sb; | Bad/low

¥<X,—15 Very bad/very low
— max score+minscore max score—minscore , _
X, = DaXSCOTCHMINGCOTe . gy, — MAXSCOTETMINICOTE . 5,

2
empiric mean score

6

Furthermore, the classifications of validation quality,
effectiveness (mathematical connection ability and
student learning motivation), and teacher assessment and
student responses are shown in Table 2, Table 3, and
Table 4. [16]

Table 2. Classification of quality validity assessment

Interval Mean Score Classification

x> 132

Very good
110 < x <132 Good
88 < x <110 Enough
66 < x <88 Bad
X =66 Very bad

The quality of learning set is considered valid and
feasible as learning set if they meet the minimum
classification good.

Table 3. Classification of effectiveness

assessment

quality

Classification

Interval mean

score

Mathematics | % > 14.25 Very high
connection 11.09 < ¥ <1425 | High
ability 791<%<11.09 | Enough

475<x<791 Low

x <475 Very low
student's x> 79.5 Very high
learning 66.5 <X <795 High
motivation I~ < 665 Enough

40.5<x <535 Low

¥ <405 Very low
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Qualitative assessment of the effectiveness aspect
uses the guidelines in Table 3. The quality of learning set
is considered effective if the mathematical connection
ability and student motivation are in the high minimum
category. The average value of the students'
mathematical connection ability is more than 11.09 from
maximum score is 19, while the average value of student
learning motivation is more than 66.5. In assessment the
quality of practicality, the assessment guidelines in Table
4 are

Table 4. Assessment of practicality

Aspect Interval mean Classification
score
Assessment | X > 52 Very good
teacher 4334 <x <52 Good
34.66 <% <4334 | Enough
26 < X < 34.66 Bad
¥ <26 Very bad
Student x> 64 Very good
Response 53.34 < ¥ < 64 Good
42.66 <X <5334 | Enough
32 < x < 42.66 Bad
X <32 Very bad

The quality of learning set is considered to meet the
quality of practicality as a learning set if it is included in
the minimum good classification both from teacher
assessments and student response questionnaires.

Furthermore, qualitative classification is used to
determine the percentage of learning implementation
which is presented in Table 5

Table 5. Qualitative
implementation

classification of learning

Interval mean score Classification ‘

80% < t < 100% Very good
60% < t < 80% Good

40% <t < 60% Enough
20% < t < 40% Bad
t<20% Very bad

Note : t : mean score of learning implementation

Based on the results of the qualification of the
implementation of learning, the quality of learning
equipment is considered practical if it meets the
minimum classification good or ¢t > 60%. The products
developed in this study are learning set that include
lesson plans and student worksheets for Statistics grade
VIII Semester 2 using the PBL STEM learning approach
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that is oriented towards mathematical connection abilities
and student learning motivation.

Furthermore, to determine whether there is a
relationship between mathematical connection ability
and student learning motivation, we used correlation
analysis with the Pearson correlation test. The Pearson
correlation test was carried out to see the direction of the
linear relationship between two variables and the degree
of strength of the relationship between the two variables.
If the significance value is less than 0.05 then the two
variables are declared to have correlation, whereas if the
significance value is more than 0.05 then the two
variables are declared uncorrelated.

3. RESULT AND DISCUSSION

Preliminary stage of this research consists of
measuring of mathematical connection ability, knowing
the learning motivation, and observing the use of learning
set in the field. These steps were held about 8 months,
December 2018 - July 2019. Twenty three students were
given problems related to circle topic. This topic has two
mathematical connection indicators, connection between
mathematics and daily life (MDL) and connection
between mathematical concepts (MC). Mathematical
connection ability in the indicator of applying the
relationship between concepts or topics in mathematics is
classified as low with a score of 150 or 43.47% of the
total score of 345. If the percentage was converted into a
score produces an average score of 43.47 so that it falls
into the low category. While the indicators applying
mathematical concepts to solve real problems are
classified as low with a score of 98 or 53.26% from a total
score of 184. If the percentage was converted into a score
produces an average score of 53.26 so that it falls into the
low categoryFrom their answer, we can conclude that the
mathematical connection ability of students was low [6].

Furthermore, a student learning motivation
questionnaire was given to 60 of grade VIII students.
Based on the questionnaire given through the survey,
students' learning motivation was low. A further survey
was conducted according to the results of previous
research. This survey aims to count out how many
teachers who modify learning set to improve
mathematical connection ability and learning motivation
of students. Based on the survey, learning set that
facilitate improving mathematical connection abilities
are still rare. Furthermore, a review of supporting
theories is conducted to improve the quality of learning
found in previous studies. The STEM approach in the
context of real-world problems can increase learning
motivation and increase student interest, learning
achievement, and persistence [17]. Research conducted
by Blotnick [18] reveals that STEM can improve student
collaboration skills, problem-solving abilities, and
mathematical connection skills. STEM is also able to
increase self-efficacy and student motivation. From this
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review, efforts were made to apply the STEM-Education
approach with the Problem Based Learning (PBL)
learning model which has the characteristics of project
work in some of its learning activities, linking
mathematical concepts with concepts in other fields,
connecting mathematics with real-life problems, and
carrying out activities. by utilizing technology. The
application of this approach can be done in the learning
process.

Learning is a mental or psychic activity which is an
active process in building knowledge, taking place in the
interaction of individuals with learning sources, which
results in several changes [19, 20]. The learning set
developed in this study are following the opinions of
these experts. Through learning set with the STEM
approach to the PBL learning model, students carry out
activities to build their knowledge actively through
worksheet to facilitate developing mathematical
connection skills and student learning motivation.
Products developed to consist of statistical learning set
which include Lesson Plan and Student Activity Sheets.
Furthermore, to complement the product, a syllabus,
answer keys for student activities, and learning outcomes
tests (tests of mathematical connection ability and student
learning motivation questionnaire) were also compiled.
Learning set in the form of lesson plans can help teachers
to organize learning activities that can facilitate
mathematical connection skills. Worksheet of learning
set can be used as a student learning resource that is used
to facilitate students' mathematical connection skills.

The lesson plan and worksheet developed to consist
of four lesson plans and worksheet for statistics for VIII
grade at even semester. The characteristics of the lesson
plans developed are lesson plans based on the 2013
curriculum, compiled based on basic competencies and
achievement indicators, activities are arranged based on
PBL stages with the STEM-Education approach, learning
uses real problems and projects, lesson plans are
integrated with student’s worksheet, there are practice
questions to facilitate students to develop abilities
mathematical connections and the existence of daily
reflection activities to facilitate students to develop
student learning motivation. The characteristics of the
developed student’s worksheet are that the problems
presented are real problems that can be solved with a
project or experiment, then the data in the experiment are
used to introduce the statistical material. Student’s
worksheet is prepared using coherent instructions for
easy use by students.

Development products in the form of learning set and
instruments in this study have been assessed by expert
lecturers and mathematics teachers. The results of the
assessment of expert lecturers and mathematics teachers
can be seen in the Table 6 below.
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Table 6. Result validation

Component ‘ Score ‘ Category
Lesson Plan 152.6 Very Good
Student's 1433 Very Good
worksheet

Based on the table above, the lesson plan gets an
average score of 152.6 and is in the very good category.
Based on the results of this assessment, it can be
concluded that the lesson plan is suitable for use in
mathematics learning and has been developed based on
the appropriate lesson plan development procedure.
lesson plan is said to be feasible based on several aspects,
namely the suitability of learning with the STEM PBL
model approach, content feasibility, linguistic feasibility,
and presentation feasibility. While the results of the
student’s worksheet assessment in terms of material and
appearance aspects get an average score of 143.3 with a
very good classification. Therefore, the developed
student’s worksheet has fulfilled the aspects of material
coverage suitability, product suitability with a learning
orientation, namely mathematical connection ability and
student learning motivation, feasibility of STEM PBL
approach, presentation feasibility, linguistic feasibility,
and usefulness. Based on the overall assessment, it can
be concluded that student’s worksheet has met the criteria
to become teaching materials that can be used in
mathematics learning in schools.

The assessment instrument which includes a
mathematical connection ability test and a developed
learning motivation questionnaire is also declared valid,
which means it is suitable for use with revisions
according to expert input. Matters that need to be revised
include redaction, writing errors, the suitability of the
grid with the questions, and answer keys. The revised
assessment instrument based on the results of the
assessment and input from the validator is declared to
have met the validity aspect. This is following the
opinion of Fitriyani and Sugiman [21] which states that a
product is said to be valid because it has gone through an
expert validation process until valid results are obtained.

Furthermore, student’s worksheet statistical material
with the STEM PBL model approach that has been
expertly validated and revised then tested on a limited
basis to 3 students. Students are asked to read and provide
comments and suggestions about the developed
worksheet and fill out a readability guide sheet. Based on
the results of limited trials, necessary improvements were
made to improve the quality of the product development.
These improvements include redaction, ineffective
introductory sentences to activities, and writing errors.

The next trial is a trial in learning mathematics in
class. Researchers conducted trials by teaching directly
to students and accompanied by research assistants. The
research assistant is in charge of observing the use of the
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product during learning, it is known that product
development can facilitate students in various activities
that facilitate the development of students' mathematical
connection skills, students are guided to solve the
problems contained in the student’s worksheet. So that
students can connect mathematics with real-world
problems or problems in other fields. The daily reflection
activity at the end of the lesson went well. The daily
reflection sheet on the student’s worksheet contains about
the lessons that day and the targets to be achieved. When
learning in class students look active and enthusiastic in
learning. The variety of activities in learning such as
making catapults makes students feel motivated.
Through giving rewards, students are allowed to respect
themselves.

This field trial resulted in data being analyzed to
determine the practicality and effectiveness of the
learning set being developed. Practicality can be seen
from the observation sheet for the feasibility of learning,
the teacher and student assessment sheets, while the
effectiveness can be seen from the test results of the
mathematical connection ability and student learning
motivation. The practicality of the results of the
observation of the implementation of learning is fulfilled
if the learning implementation reaches the minimum
good category. The results of observations of learning
feasibility are presented in Table 7.

Table 7. Recapitulation of percentage of learning
implementation

Learning Percentage Mean Percentage
Meeting TA SA TA SA

1 72 60 81 65

2 76 64

3 92 68

4 84 68

Note. TA (teacher activity), SA (Student’s activity)

Based on observational data, the average percentage
of implementation is more than 60%, The average
percentage of the implementation of learning in teacher
activities is 81% in the very good category. The average
percentage of the implementation of learning in student
activities is 65% in the good category. Overall, based on
the results of observations of the implementation of
learning, it can be said that the learning set developed are
practically used because they meet the minimum good
category. In addition to using the learning feasibility
observation sheet, the teacher's assessment of the lesson
plans and student worksheets can be used as a guideline
for determining practicality. Following are the results of
the teacher's assessment of the lesson plan and student’s
worksheet.
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Table 8. Teacher assessment results

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

Table 10. Mathematical connection test results

Component Score ‘ Category Indicator Score N %

Lesson Plan 54 Very Good Maximun

Student’s 60 Very Good MC 8 10 76.9

worksheet MDL 6 8 61.5
Based on the results of the teacher's assessment, the MAF > L 84.6

device is said to be practical if each component gets a
minimum good category. With this result, the device is
declared practical in terms of teacher assessment.
Furthermore, practicality is viewed from the results of
student assessments after learning using the tools
developed. Student response after learning is known that
9 of 13 students gave very good responses, about 3 of 13
students gave good responses, about 1 of 13 students
gave responses that were quite practical, and no students
gave responses that were impractical or very impractical.
Based on the student's response, the students responded
positively to the learning set developed. This is in line
with the research of Muthmainah et al [22] which states
that students agree to implement learning with the STEM
approach because students understand more easily the
material to  improve  students’  mathematical
understanding in solving problems. Overall, seen from
the learning feasibility sheet, teacher assessment, and
student responses. It was concluded that the learning set
developed were practical for use in mathematics learning.

The trial implementation ends with an assessment
which is an aspect of the quality of effectiveness. The
results of the learning tests which include students'
mathematical connection abilities and student motivation
are shown in Table 9 below.

Table 9. Study test results

Aspect ‘ Score Category ‘
Mathematics 14.2 High

connection ability

student's motivation 817 Very High

Based on the table above, the mathematical
connection ability and learning motivation fall into the
high category and very high category. This means that the
learning set developed are effectively used to develop
mathematical connection skills and learning motivation.

The mathematical connection ability of students can
be seen through three indicators. These indicators are
connection between mathematical concepts (MC), the
connection between mathematics and daily life (MDL),
and the connection between mathematics and any field of
science (MAF). The results of the mathematical
connection ability tests are derived as follow.

Based on table 10, the MAF indicator gets the lowest
percentage because of the 5 students who did not get the
maximum score, their average error was unable to
represent the results of their calculations. Students do not
make conclusions so unanswered. The following is an
example of student answers (Problem 2, Figure 2).

The example of the student's answer above shows that
the student is able to count correctly, but the student does
not represent the calculation result in real-world
problems. So that the problem is not answered. This type
of error is included in the Encoding error. This type of
error is Error in interpreting mathematical solution in
terms of the original context of the problem [23].

For another indicators, respondents in this study were
able to answer correctly because the development of
learning set with STEM PBL connected mathematics
with Hooke’s Law. So that the indicator of connecting
mathematics with other fields science can be said to be
successful with many students who are able to get a
maximum score of 11 out of the total respondents 13. The
following is an example of a student worksheet
developed (Figure 3).

Given information about Hooke's law, then the
students prove the truth of the statement. It is in these
proving steps that students learn to connect mathematical
material with other fields. In addition, students will also
be connected between concepts in mathematics during
calculations and proof.

According to Table 9, the mathematical connection
ability and student learning motivation are at a high level.
If you look at the relationship between the two variables,
it can be said to have a positive relationship. This can be
seen in the following Figure 4 and Table 11.
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1 15 3 12 3

2 371 7 236 4

3 26 5 42 7

4 112 2 285 5

5 32 5 245 5
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science Information| L

Hooke's law states that if the spring acts an external force, then the spring will increase in
length proportional to the magnitude of the force applied.

I5 THIS INFORMATION TRUE? LET'S PROVE!

Figure 3 Example of a student worksheet

Mathematical Connection X Learning Motivation
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g

20

o 5 10 15 20
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Figure 4 The relationship between mathematical connection ability and student’s learning motivation
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Table 11 shows a significance value less than 0.05, which
means that the two variables have a correlation. The
pearson correlation value of 0.74 indicates that there is a
strong correlation between the two variables tested. The
higher the student's learning motivation, the higher the
mathematical connection ability and vice versa. [24]

Table 11. Correlation mathematical connection ability
and student’s learning motivation

Pearson Correlation Sig. N
0.74 0.000 13

Learning set with the STEM approach, the PBL
learning model is proven to have a positive contribution
to the connection skills and learning motivation of
students. In line with Yulia's research [25] which states
that the increase in the mathematical connection ability
of students who get the Discovery Learning model with
STEM-PjBL is better than students who get the
expository method in the moderate and low learning
resilience groups. This is because when learning STEM
integrates mathematical problems with problems in other
fields. In addition, the problems presented in PBL are not
only mathematical problems but also real world
problems. These two things are appropriate steps to
facilitate the development of mathematical connection
skills.

Both theoretically and empirically, STEM —PBL has
been proven effective in developing students' thinking
skills, especially in mathematics. Some of the results of
previous research include obtaining empirical evidence
regarding the effectiveness of STEM PBL in developing
students ‘higher-order thinking skills [26,27] which
involves students' mathematical connection abilities. The
effectiveness of STEM-PBL in improving mathematical
connection skills is supported because of the
characteristics of learning with the STEM approach that
integrates mathematics with other fields and takes real
problems. This is in line with the statement that STEM
Education does not only integrate science, technology,
engineering, and mathematics but an approach that
applies real life [17]. This results in STEM having a
positive effect on learning achievement.

4. CONCLUSION

The development of learning set in this study uses the
Plomp model which includes three stages. In the first
stage, the initial research includes needs analysis, namely
material and situation analysis. The second stage is the
development which includes product design and product
manufacturing. At this stage, the initial product is
obtained in the form of a learning implementation plan,
books, and student activity sheets. The third stage,
evaluation which includes the process of assessment
(validation) and trials. The validation process is an
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assessment process by experts, namely two expert
lecturers and one mathematics teacher. Based on this
assessment, suggestions and input are obtained to be able
to improve the product being developed. Furthermore,
the trial process was carried out and the product of the
development was obtained in the form of learning set
with the STEM PBL model approach which was oriented
towards the ability of mathematical connections and
students' learning motivation on statistics material.

The quality of the products developed in this study is
determined based on three aspects, namely aspects of
validity, aspects of effectiveness, and aspects of
practicality. Based on the results of the research and
discussion, it can be concluded that the statistics learning
set with the STEM-PBL approach are valid, effective,
and practical. Therefore, the learning set developed is
feasible to be used as a mathematics learning set. Some
suggestions that the researcher can convey based on the
results of this study, namely (1) the product of this
development needs to be tested on a wider scale in the
post-pandemic period (2) the products of this
development should be applied to materials other than
statistics and adjusted for STEM-PBL characteristics; (3)
project selection on the development of STEM-PBL tools
adapted to conditions in the field.
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