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Abstract  One of the lecturers’ duties apart from 
teaching is to develop learning products that are used to 
overcome various problems encountered during the 
learning process. For that reason, each lecturer must 
develop their learning model so that learning objectives can 
be adequately achieved. The large number of lecturers who 
only use ready-made teaching materials has an impact on 
student learning outcomes, which are still low. This can be 
understood because, in essence, the learning problems 
faced by students are different. This study aims to 
determine the level of validity, practicality, and 
effectiveness of the developed STEM-based calculus 
learning model in tertiary institutions. This study is part of 
research and development focused on the trial phase, which 
includes testing the validity, practicality, and effectiveness. 
This research was conducted at the Indonesian Christian 
University of Toraja, Makassar, Indonesia, with 
participants consisting of 5 validators/experts, two 
lecturers, and 20 students. Data collection was carried out 
using learning outcome tests, validation sheets, lecturer 
response questionnaires, teacher response questionnaires, 
and observation sheets. The data that have been collected 
are then analyzed using quantitative analysis techniques 
using SPSS version 20. The results show that the 
STEM-based calculus learning model that has been 
developed is proven to be valid, practical, and effective to 
improve students’ learning outcomes. 

Keywords Calculus Learning Model, STEM, 
Validity, Practicality, Effectiveness 

1. Introduction
STEM is an issue that is still being discussed in the 

academic realm. In fact, in the last decade, we have seen a 
massive movement in education related to STEM 
education & learning (Science, Technology, Engineering, 
and Mathematics) [1]. This is understandable because 
STEM is an integrated 21st-century skill, and one of them 
is related to mastery of technology [2]. David & Kebritchi 
[3] stated firmly that the proliferation of studies on STEM 
education was none other than its role in work in the 
current era of the industrial revolution 4.0. 

The STEM issue associated with education is based on 
the fact that there has been a decrease in the number of 
young people interested in science, technology, 
engineering and mathematics. This fact was also released 
to the public by the Organization for Economic 
Cooperation and Development [4]. It states that the 
decline in interest in these fields has occurred in the 
United States since the 1970s. In connection with the 
increasingly fierce global economic competition around 
the world, policymakers in each country are interested in 
finding solutions so that more young people will like these 
various fields. One of them is by adopting a STEM 
education policy that applies to all education levels [5]. 

The definition of STEM is still interpreted differently, 
and it is not clear. This is due to factors that suggest that 
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STEM learning is an extensive learning area and includes 
many epistemological and practical disciplines [6]. 
However, the identification related to the qualifications in 
STEM itself is relatively clear [7]. STEM education is 
defined as an integrated learning environment in which 
students study more than one discipline, namely science, 
technology, engineering, and mathematics [8]. McCaslin 
[9] emphasized that STEM learning is an integrated 
learning system that provides a meaningful learning 
environment to increase students’ knowledge and 
understanding in related fields. 

Apart from getting a job, mastery of STEM for young 
people also has various benefits. In several studies, STEM 
learning is believed to increase student interest, 
motivation and creativity [10]. Other studies have shown 
that STEM learning also positively impacts attitudes, 
communication skills, and problem-solving abilities [11]. 
STEM learning can also be aimed at improving 
entrepreneurship attitudes for students [12]. Learning with 
the STEM approach not only discusses competencies in 
these four aspects but also emphasizes that it is no longer 
enough for modern citizens to only understand one area. 
This means that a current citizen of the world must master 
integrated knowledge and skills, especially technology 
and engineering [13]. STEM-based learning can also 
encourage innovation through design activities and create 
solutions to problems in the real world [14]. Margot & 
Kettler [15] emphasized that everyone should be able to 
use today's real-world challenges as an entry point for 
integrating STEM disciplines. 

In Indonesia, the socialization and application of STEM 
into learning continue to be encouraged, starting from 
elementary schools and middle schools to tertiary levels. 
Apart from going through curriculum policies, the STEM 
approach is also suggested to be implemented 
integratively through courses. One of the courses can be 
applied with the STEM approach in mathematics, 
especially in calculus mathematics. This subject can be 
said to be one of the most complex and dynamic lessons. 
Calculus mathematics is not only a mastery of concepts 
(remembering) but also includes the ability to develop 
reasoning and problem-solving skills [16]. 

There is a lot of research related to calculus courses in 
tertiary institutions integrated into the STEM approach. 
Magsino [17] found that math games positively impacted 
students' STEM computational competence in 
introductory calculus courses. A different study stated that 
the homework model with online or handwritten methods 
did not significantly differ in the subjects of STEM-based 
calculus [18]. Barroso [19] examined a mathematical 
model used to predict students’ retention in pre-calculus 
courses with a different topic. On the other hand, Li & 
Schoenfeld [20] stated that there needs to be an alternative 
approach in changing the stigma that mathematics is the 
cause of the number of students who are no longer 
interested in the STEM field. The method referred to is 

learning calculus mathematics which is linked to STEM 
education. On a local research scale in Indonesia, 
Sulistiawati et al. [21] stated that students positively 
responded to STEM integrated learning to improve 
mathematical literacy. 

There are still research gaps in the development of 
learning models from several studies on STEM-based 
calculus learning above. Much research has focused on 
problems in the context of proving something. In other 
words, many lecturers use teaching materials that are 
available in the market. But unfortunately, they do not 
realize that the textbooks they use do not necessarily 
match the needs of their students. A lecturer must create 
his learning model tailored to his students’ issues and 
characteristics [22]. Learning models can be made using 
research and development designs that involve lecturers 
and students together [23], [24]. 

This study is the final phase in research and 
development to testing the validity, practicality, and 
effectiveness of the STEM-based calculus learning model 
developed. These three tests are used in determining 
whether the product. That has been developed is suitable 
for use and disseminated to the public. Therefore, the 
formulation of the problem in this study is the level of 
validity, practicality, and effectiveness of the 
STEM-based calculus learning model developed. 

2. Literature Review 

2.1. Education of Science, Technology, Engineering, 
and Mathematic (STEM) 

STEM is an acronym for science, technology, 
engineering, and mathematics. The term was first coined 
by the National Science Foundation (NSF) of the United 
States (US) as the education reform movement's theme to 
grow the workforce in STEM fields. This movement also 
aims to develop STEM literate citizens and increase the 
United States’ global competitiveness in science and 
technology innovation [25]. This STEM-based education 
reform aims to tackle the number of world citizens, 
especially children who do not like the STEM field. This 
is because, starting in the 1970s, the number of people 
who chose STEM as a job or a choice of majors in higher 
education has decreased. 

In general, the STEM education overview aims to 
transform teaching practices from traditional lecture-based 
teaching to inquiry-based, project-based, problem-based 
learning as a means of presenting an interdisciplinary, 
meaningful learning experience [26], [27]. STEM 
education is an approach to education in which Science, 
Technology, Engineering, Mathematics is integrated with 
the educational process focusing on solving problems in 
real everyday life and professional life. STEM education 
shows students about the concepts, principles, techniques 
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of science, technology, engineering and mathematics 
(STEM) used in an integrated manner to develop products, 
processes, and systems beneficial to human life [28]. 

Stohlmann et al. [29] listed the top ten lessons for 
teaching mathematics and science: (1) manipulative and 
hands-on learning; (2) cooperative learning; (3) discussion 
and inquiry; (4) questions and allegations; (5) critical 
thinking; (6) writing for reflection and problem solving; 
(7) using a problem-solving approach; (8) integrating 
technology; (9) the teacher as a facilitator; (10) using 
assessment as part of the learning process. In line with 
Stohlmann's thinking, some experts argue that STEM 
learning can also be designed with cooperative learning 
methods and discussions, asking questions, exploring, 
investigating various tasks, and applying the knowledge 
they have [30]–[32]. 

STEM is a field that requires numeracy skills, critical 
understanding and analysis, understanding of scientific 
principles and mathematics [33], [34]. For that reason, an 
appropriate learning strategy is needed so that STEM 
learning can run well. One way is to integrate STEM into 
subjects. An integrated STEM learning environment can 
occur in a course or program through direct problem 
solving [35]. 

2.2. Validity, Practicality, and Effectiveness 

In research and development, an important aspect that 
must be prioritized is the testing phase of the product that 
has been developed. This is the basis for determining how 
strong the feasibility of the product is before it is 
disseminated. According to Nieven [36] here are three 
types of tests used to see the product’s quality developed: 
validity, practicality, and effectiveness. The validity test 
aims to measure the validity level of the experts. The 
practicality test aims to see the product's practicality level 
developed from users’ perspective, both teachers and 
students. On the other hand, effectiveness tests are carried 
out to see to what extent the product can improve learning 
outcomes or the product’s targeted aspects. 

Validity can be defined as a measure to see how well 
the data collected covers the actual area of investigation 
[37]. In line with this statement, Field [38] states that 
validity measures what one should want to calculate based 
on predetermined aspects. In general, the validity test can 
be grouped into four parts, namely face validity, validity 
criteria, content validity, and construct validity [39]. 

A practicality test is a type of test that involves users, 
both teachers and students. These users are asked to 
respond to products that have been developed through 
questionnaires or other instruments. Practicality test is a 
test that tests practicality according to the context and 
usage [40]. The practicality criteria used in this test can be 
divided into two types, namely: (a) the product developed 
can be applied according to the judgment of experts and 
practitioners and (b) the product developed can be applied 

in real terms in the field [36]. 
The final test in measuring the quality of the 

development product is the effectiveness test. This test 
can be viewed from the consistency between the 
design/learning objectives with students’ experience and 
learning outcomes. That is, with the effectiveness test, a 
description of the desired learning outcomes can be 
obtained [36]. 

Kadir et al. [41] stated that an effective assessment is an 
assessment that considers the effect of assessing student 
behaviour and learning outcomes. Also, effectiveness can 
be viewed from the relationship between learning 
outcomes and the curriculum, aspects of the assessment 
structure on subjects, and feedback [42]. 

2.3. Calculus Learning 

The term Calculus comes from Latin, namely calculus 
which means small stone or to count. Calculus is a branch 
of mathematics that includes limits, derivatives, integrals, 
and infinite series. Calculus is also defined as a change, as 
geometry is the science of shapes, and algebra is the 
science of solving equations and their applications. 
Calculus has wide applications in science, economics, and 
engineering; and can solve various problems that cannot 
be solved with elementary algebra. Calculus has two main 
branches, differential calculus and integral calculus, 
interconnected utilizing calculus's fundamental theorems. 
Calculus lessons are the gateway to other higher 
mathematics courses, specifically study functions and 
limits, which is generally called mathematical analysis 
[43]. 

According to Aditia et al. [44] the fundamental theorem 
of calculus explains the relationship between two central 
operations of calculus: differentiation and integration. 
Calculus has one of the most challenging concepts for 
students to understand and master. Although most learners 
learn the specific algorithms and completion procedures 
taught to them, their general conceptual understanding 
often remains very poor [16]. 

The goal of learning calculus mathematics is to master 
the material and develop reasoning and problem-solving. 
Thus, lecturers' role in learning calculus mathematics is 
concerned with the final result and needs to develop 
students' reasoning abilities. Lecturers can cultivate 
reasoning skills by training students to write mathematical 
reasons to solve math problems. In line with this, lecturers 
who cover calculus mathematics are oriented towards 
mastering the material and developing reasoning. This 
means that just learning mathematics material is not 
enough to become a qualified mathematics lecturer or 
student. 

2.4. Teaching Model 

The learning model is a theory-based analytical 
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characterization of the educator's actions that explains 
how and why an educator should make the choices he or 
she makes while teaching [20]. The concept of the 
learning model, according to Afandi et al. [45] is a plan or 
pattern that is used as a guide in planning classroom 
lessons or tutorial lessons. The learning model refers to 
the learning approach used, including teaching objectives, 
stages in learning activities, learning environment, and 
class management. 

Teaching models are also defined as strategies based on 
the theory (and often research) of educators, psychologists, 
philosophers, and others that question how individuals 
learn. Each model consists of reasons, a series of steps 
(actions, behaviours) that teachers and students must take, 
a description of the necessary support systems, and 
methods for evaluating the progress of students [46], [47]. 
On the other hand, the learning model is also defined as a 
plan or a pattern used as a guide in planning classroom 
learning or tutorial learning and determining learning 
tools, including books, films, computers, curricula, and 
others [47]. In essence, each learning model directs us in 
designing learning in helping students achieve targeted 
learning goals. 

In connection with the importance of an innovative 
learning model, a lecturer should develop and create their 
learning model tailored to the needs and characteristics of 
students. One way to do this is by researching with a 
research & development design to find problems in the 
field, followed by creating learning products to overcome 
these problems. The learning model is considered 
essential to be developed because it is the most significant 
element that includes guidance for lecturers and other 
learning tools. 

3. Method 

3.1. Research Design, Context & Participants 

This research is part of the research and development 
process, emphasising the development phase, namely the 
testing phase of the validity, practicality, and effectiveness 
of the STEM-based calculus learning model for students. 
The research and development design adopted in this 
study is the ADDIE MODEL (Analysis, Design, 
Development, Implementation, & Evaluation). Reiser and 
Molenda developed this model, which is also widely 
applied to curriculum development activities [48]. This 
article is focused on examining the development phase, 
namely, testing the validity, practicality, and effectiveness 
of the STEM-based calculus learning model. 

The research was conducted at the Indonesian Christian 
University (UKI) Toraja, Makassar, Indonesia, involving 
three groups of participants, namely: (a) 5 
experts/validators, (b) 2 calculus/mathematics lecturers, 
and (c) 20 students. The Indonesian Christian University 
Toraja is a leading private campus in Tana Toraja, South 
Sulawesi, Indonesia, which has various faculties, one of 

which is the Teacher Training & Education Faculty. One 
of the things that underlie this research is the low learning 
outcomes of students in the Mathematics Education study 
program Calculus at the campus. For this reason, research 
& development is carried out to create a learning model 
that can improve learning outcomes for the Calculus 
course. 

Furthermore, the sampling technique used to determine 
the number of samples (20 students) was the purposive 
sampling technique. This technique is a sampling 
technique that selects the number of research samples 
based on specific reasons. Finally, the research design 
used in the effectiveness test phase was the 
pretest-posttest control group design by providing 
treatment between the pretest and posttest sessions. 

3.2. Data Collection 

Based on the formulation of the problem in this study, 
data collection techniques are divided into three types, 
namely: (1) questionnaire, (2) observation, and (3) test. 
The questionnaire technique consisted of a lecturer 
response questionnaire, a student response questionnaire, 
and a questionnaire in the form of a validation sheet 
addressed to experts. Furthermore, the observation 
technique used in this study was a learning 
implementation observation checklist filled in by the 
observers during the learning process. Finally, the test 
technique used is multiple choice tests to determine 
student learning outcomes in both the pretest and posttest 
sessions. However, specifically, data collection can be 
divided into three groups, namely: (1) data collection for 
validity testing, (2) data collection for practicality tests, 
and (3) data collection for effectiveness testing. 

To test the validity level of this learning model, 
researchers used two types of validation sheets, namely 
validation sheets for learning products and validation 
sheets for research instruments. This validation sheets are 
designed according to needs using a Likert scale using 
four answer choices. Learning product validation sheets in 
question include: (1) model book validation sheets, (2) 
lecturer handbook validation sheets, (3) semester lesson 
plan/syllabus validation sheets, and (4) modules. 
Furthermore, the validation sheet for the research 
instrument was: (1) validation of the learning 
implementation sheet, (2) validation of the lecturer 
response questionnaire, and (3) validation of the student 
response questionnaire. The questionnaire form of a 
validation sheet is given to the experts after the product 
prototype has been designed. 

Also, to measure the practicality of this learning model, 
researchers used several instruments that had been 
validated previously, namely: (a) learning implementation 
sheets, (b) lecturer response questionnaires, and (c) 
student response questionnaires. The results of the 
validation of the three instruments were reviewed at the 
beginning of the research results. The observation sheet 
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for implementing learning was given to two observers 
each time the treatment was carried out using the 
STEM-based calculus learning model. In addition, a 
questionnaire instrument was provided by researchers to 
lecturers and students at the last learning meeting to find 
out their assessment of the learning model. 

Furthermore, the researcher used a research instrument 
in the form of a multiple-choice test to measure the 
effectiveness of the learning model that had been 
developed. The test consists of 10 items of the matrix 
material, ten items of derivative material, and ten items of 
integral material. These questions were divided into two 
groups, namely 15 questions for the use of logic and 15 
questions for problem-solving skills. This learning 
outcome test was carried out twice, namely in the pretest 
and posttest sessions. Before being used, the learning 
outcome test was tested for validity and reliability by 
involving 17 students as the research sample. The test 
results stated that the learning outcome test was valid and 
reliable because the calculated r score was more 
significant than the r table (0.976 ˃ 0.482). 

3.3. Data Analysis 

(1) Validity Test 
The data collected from five validators were analyzed 

to determine their cumulative mean score. The mean total 
score is obtained using the formula: 

(𝑋�) =
∑ 𝐴̅𝑖
𝑛

 

Information: 
(𝑋�) = total average 
𝐴̅𝑖 = Aspect average i 
𝑛 = number of aspects 

After the cumulative average score of each learning 
product has been determined, the researcher then 
compares it with the validity category table to decide its 
validity level. The validity category consists of four 
groups: very valid, valid, less valid, and invalid. The score 
interval in determining the validity level category can be 
seen in table 1. 

Table 1.  The categories of the validity of the learning model by Ahmar 
& Rahman [49] 

No. Criteria  Category 

1. 3,5 ≤ M ≤ 4,0 Very valid  

2. 2,6 ≤ M < 3,5 Valid  

3. 1,6 ≤ M < 2,5 Less valid 

4. 1 < 1,5 unvalid  

(2) Practicality test 

During the learning process, lecturers and students 
participate in responding to the STEM-based calculus 
learning model. After both response data were collected, 
the researcher analyzed the data to determine the 
cumulative average score. The formula used in finding the 
overall average score is: 

 
Information: 

= the average aspect value i 

Ami = average aspect of the i meeting m 
t = number of meeting 

Table 2.  Categories of feasibility/practicality of calculus learning 
models by Yahya, Munoto & Soeryanto [50] 

No Criteria Category 

1. 3.5 ≤ M ≤ 4.0 Very good 

2. 2.5 ≤ M < 3.5 good 

3. 1.5 ≤ M < 2.5 Not good 

4. 0.0 ≤ M < 1.5 Poorly 

(3) Test the effectiveness 
The learning outcome data that have been collected, 

both in the pretest and posttest sessions, are analyzed to 
determine whether there is an effect of the learning model 
on student learning outcomes using SPSS 20. The results 
of data analysis were compared with the normative 
standard of learning outcomes categories consisting of: (a) 
high category, (b) high enough, and (c) low category. The 
categorization of learning outcomes can be seen in table 3. 

Table 3.  Normative standards for calculus learning outcomes category by Azwar [51] 

The normative standard of value categories Value category description 

Data on the value of learning outcomes ≥ Mean + 1.0 (SD) The value of learning outcomes is high 

Mean + 1.0 (SD) > Data < Mean—1.0 (SD) The value of learning outcomes is quite high 

Data on the value of learning outcomes ≤ Mean—1.0 (SD) Low learning outcomes 
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4. Results 

4.1. Level of Validity 

As discussed in the method section, this validity test is 
grouped into two parts: the validity test for product 
development and the validity test for research instruments. 
Both tests were carried out by asking for responses from 5 
experts. Data analysis results from experts for the validity 
of products. Research instruments can be seen in table 4 
and table 5. 

Table 4.  Recapitulation of product validation results 

No. Validated product 
Validity 

Average Category 

1. Calculus learning model 
book 3.43 Valid 

2. Lecturer manual 3.33 Valid 

3. Semester learning 
plan/syllabus 3.33 Valid 

4. Modul  3.45 Valid 

Total average 3.385 Valid  

From table 4 above, information is obtained that the 
overall average score of the products developed by both 
the model book and the learning tools is 3,385. The 
validation score of the STEM-based calculus learning 
model book is 3.43, the lecturer handbook is 3.33, the 
Semester Learning Plan/syllabus is 3.33, and the calculus 
learning module is 3.45. Thus it can be concluded that the 
model book and calculus learning tools based on STEM 
are in the ”valid” category. This conclusion is obtained by 
comparing the overall average score with the table of 
validity criteria reviewed in the research methods section. 
The valid category is determined because the average 
score of 3.385 is in the range of 2.6 ≤ M <3.5. 

Table 5.  Recapitulation of the results of the research instrument 
validation 

No. Validated instrument 
Validity 

Average Category 

1. Model implementation 
observation sheet 3.67 Very valid 

2. Questionnaire for lecturer 
responses 3.7 Very valid 

3. Questionnaire for student 
responses 3.6 Very valid 

Total average 3.66 Very valid 

Furthermore, the validity test for the research 
instrument is presented in table 5 above. From the table, 
information is obtained that the three instruments obtained 
a cumulative average score of 3.66. The observation sheet 
of learning feasibility got an average score of 3.67, the 
lecturer response questionnaire was 3.7, and the student 
response questionnaire was 3.6. Thus, it can be concluded 
that the three research instruments are categorized as very 

valid. This category is determined after comparing the 
average score with the previously reviewed validity 
category table. The instrument was declared very valid 
because the cumulative average score was 3.66 in the 
score range of 3.5 ≤ M ≤ 4.0. 

4.2. Practicality Test Results 

(1) The results of observations of the implementation of 
the learning model 

Table 6.  Observations of the implementation of the learning model 
from 2 observers 

Aspect 
Meeting 

Average Kategori 
1 2 3 4 

Model 
syntax 3.25 3.5 3.5 3.5 3.43 Good  

Social 
system 3.0 3.2 3.2 3.6 3.25 Good 

Reaction 
principle 3.38 3.78 3.63 3.75 3.53 Very 

Good 
Support 
system 3.2 3.4 3.2 4.0 3.45 Good 

Total 
average 3.2 3.36 3.38 3.72 3.41 Good 

Table 6 above is a description of the average score 
observed by two observers during four learning meetings. 
The average score obtained from the observations starting 
from the syntax of the model is 3.43. The average score 
obtained is in the interval 2.5 ≤ M < 3.5, so the model's 
syntax aspect is said to be carried out well. At the first 
meeting, there were still components of the syntax that 
had not been implemented due to the lack of 
understanding of the learning model's syntax 
implementation in calculus material. In the aspect of the 
social system, the implementation of the assessment at the 
trial stage during four meetings with two observers, the 
average score obtained from the observations is 3.25, 
which is located at an interval of 2.5 ≤ M < 3.5, then this 
aspect of the social system is carried out well. 

Implementation in the principle of reaction, the mean 
total score obtained from the observation is 3.5. It is 
located at the interval 3.5 ≤ M ≤ 4.0, so this aspect is 
included in the very good category. At the first meeting, 
the value of this aspect was still in the good category due 
to a lack of understanding of the learning model's 
implementation. Furthermore, in the support system 
aspect, the implementation of the trial stage assessment 
during four meetings of two observers, the average score 
obtained was 3.45 and was in the interval 2.5 ≤ M < 3.5, 
then the aspect of the support system was carried out well. 
Based on these results, the total mean of all aspects 
starting from syntax, social systems, reaction principles, 
and support systems, the cumulative observation score 
results in a value of 3.41. It lies in the interval 2.5 ≤ M < 
3.5 and is considered in the “good/practical” category. 
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(2) Analysis of the results of the lecturer response 
questionnaire 

Table 7.  The results of the lecturer response questionnaire analysis 

No The assessment aspect Average 
score Category 

1. Learning Media 3.2 Good 

2. Serving eligibility 3.4 Good 

3. Language 3.5 Very Good 

4. Assessment 3.67 Very Good 

 Cumulative average 3.44 Good 

Based on the results of the data analysis of the lecturers’ 
response validation as in table 7 above, it can be 
concluded that the overall average score is 3.44 and is 
included in the good / practical category. This is based on 
the average score for each aspect that is included in the 
high category. The learning instrument aspect obtained a 
score of 3.2, the feasibility of presentation was 3.4, the 
language aspect was 3.5, and the assessment aspect was 
3.67. Overall, the average score for the validation of the 
lecturers' questionnaire responses was 3.44 and was 
categorized as good/practical. This indicates that the 
calculus learning model with the STEM approach has a 
good reply and is applicable to use. 

(3) The results of the student response questionnaire 
analysis 

Table 8.  Results of student response data analysis 

No The assessment aspect Average score Category 

1. Theory 3.51 Very Good 

2. Learning process 3.44 Good 

3. Language 3.26 Good 

4. Evaluation 3.43 Good 

5. Benefits 3.5 Very Good  

 Cumulative average 3.43 Good 

Based on the results of table 8, it can be explained that 
20 students became respondents in filling out the student 
response questionnaire about this calculus learning model. 
The questionnaire was distributed to students after the 
STEM-based calculus learning was completed. The 
student response questionnaire was designed not to 
include specific student identities but only asked for 
general information from the participants such as the 
respondent number (filled in by the researcher), gender, 
and respondent age. 

From table 8, information is obtained that the results of 
student responses are in the material aspect. The average 
score obtained is 3.51 and is located in a very good 
category interval and the benefit aspect, which has a mean 
score of 3.5. Furthermore, the learning process aspect has 
a score of 3.44. Likewise, it is in a good category with the 
language and evaluation aspects, which respectively have 
a score of 3.26 and 3.43, which are in the good category 

interval. 
Therefore, from the mean results of all aspects, the 

value is 3.43. This value is attached to the good category. 
Thus, most of the 20 respondents surveyed stated that the 
calculus learning model with the STEM approach was 
good and exciting because students were happy with the 
lecturers' method of providing learning using these 
learning models and tools. In conclusion, this 
STEM-based calculus learning model is generally of good 
quality and attracts students’ attention. 

4.3. The Level of Effectiveness of the Calculus Learning 
Model 

The test carried out in measuring student learning 
outcomes in the calculus learning model with the STEM 
approach is the paired sample t-test. This learning 
outcome test was carried out twice, namely, pretest and 
posttest. The pretest session was carried out at the 
beginning of the lesson, while the posttest session was 
carried out after the students received treatment using the 
STEM-based calculus learning model. There are 30 
multiple choice questions given to students giving a score 
of 1 for the correct answer and 0 for the wrong answer, 
then converted to a scale score of 100. To find out the 
respective frequency distribution and the results of the 
t-test statistical analysis are shown in Table 9. 

Table 9.  Paired Samples Statistics 

 Mean N Std. 
Deviation 

Std. Error 
Mean 

Pair 1     Pretest 58.6666 20 9.51449 2.12750 

         Posttest 71.6666 20 10.23133 2.28779 

Table 9 shows that the data analysis output displayed 
summarises the results of descriptive statistics from the 
two samples studied, namely the pretest and posttest 
values. For the pretest value, the mean average score was 
58,666, while in the posttest session, the score was 71,666. 
Furthermore, the standard deviation of the pretest is 9,514, 
and the posttest is 10,231. The pretest means standard 
error value is 2.128, and the mean posttest standard error 
is 2.288. From the results of the analysis, the pretest 
means the value was 58.50 < posttest 71.35. Thus, it can 
be concluded that descriptively there is a difference in the 
mean pretest and posttest. 

Table 10.  Paired sample correlations 

 N Correlation Sig. 

Pair 1 pretest & posttest 20 .925 .000 

To prove the mean difference between the pretest and 
posttest was significant, the researchers interpreted the 
paired sample test. Based on the output as in table 10 
above, it is known that the correlation coefficient value is 
0.925 with a significant value of 0.00 < 0.05 probability. 
Thus, it can be concluded that there is a relationship 
between the pretest variable and the posttest variable. 
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Table11.  Paired samples test 

 

Paired differences  

T df Sig. 
(2-tailed Mean Std. deviation Std. error mean 

95% confidence interval 
of the difference 

Lower Upper 
Pair 1 

pretest-posttest  -13.00005 3.88439 .86858 -14.81800 -11.18210 -14.967 19 .000 

 

H0 : There is no mean difference between pretest 
and posttest results 

H1 : There is a difference in the average pretest and 
posttest results 

Guidelines for making decisions on paired samples test 
based on significant values are as follows: 
1. If the value is Sig. (2-tailed) <0.05 then H0 is 

rejected, and H1 is accepted 
2. Conversely, if the value is Sig. (2-tailed)> 0.05 H0 is 

accepted, and H1 is rejected 

Based on table 11, the Paired Samples Test output has a 
known sig value. (2-tailed) of 0.00 <0.05, then H0 is 
rejected or, in other words, accepts H1, that is, there is a 
difference in the average pretest and posttest, which 
means that there is an effect of using the calculus learning 
model with the STEM approach in improving student 
learning outcomes. Based on the output of the Paired 
Samples Test, it contains information on the mean Paired 
Differences of -13.00005. This value shows the difference 
between the average pretest and posttest 58,666–71,666 = 
-13,005. Thus, the difference between the difference is 
-11,818 to -11,182 (95% Confidence Interval of the 
Difference lower and upper). 

Table 12.  Categories of calculus learning outcomes using the STEM 
approach 

Category Skor interval  Frekuensi Percentage 

High 
Data on the value of 
learning outcomes ≥ 

76.784 
6 30% 

High 
Enough 76.784 > data < 53.549 11 55% 

Low 
Data on the value of 
learning outcomes ≤ 

53.549 
3 15% 

Total  20 100% 

In addition to testing student learning outcomes with 
the t-test, in table 12, researchers also analyzed the test 
results by grouping them into predetermined categories in 
the methods section. From the data in table 12 above, it 
can be seen that there are 30% of students (6 students) get 
scores in the high category. Furthermore, as many as 55% 
(11 students) of students scored in the high enough 
category, while 15% (3 people) scored in the low 
category. 
 
 

5. Discussion 
This calculus learning model with the STEM approach 

has been designed based on a needs analysis and then 
tested to get the level of validity, practicality, and 
effectiveness. These three tests are a way of determining 
the quality level of the product that has been developed 
[36]. From the validation and practicality test results, the 
prototype learning model was revised based on experts 
and lecturers’ suggestions as users. Furthermore, in the 
final stage, an effectiveness test is carried out to see to 
what extent these products can affect student learning 
outcomes. 

The product validity test is usually carried out by 
asking for an assessment from experts in terms of content, 
language, and presentation. According to Rogayan & 
Dollete [52] several assessment aspects in validation tests 
are usually varied and tailored to needs. According to him, 
in general, the aspects assessed are: (a) adequacy, (b) 
coherence, (c) suitability, and (d) utility. The calculus 
learning model prototype is given to the validator then the 
assessment data is analyzed to determine the average 
score. This calculus learning model was declared valid 
based on two experts' assessment with an average total 
score of 3,385. In general, the validation test is carried out 
on two aspects, namely content validity and construct 
validity [53]. In this study, content validity is the type of 
validity chosen to assess a learning model’s components 
based on cutting-edge knowledge. The content validity 
also highlights the need to develop and design the current 
model or device [54]. 

The results of this study indicate that the STEM-based 
calculus learning model is proven to be practically based 
on the perspectives of lecturers and students. Furthermore, 
they agree that this learning model has various practical 
aspects, such as easy understanding, choosing the correct 
language, etc. Furthermore, Jaedun et al. [55] state that the 
product development results are declared practical if the 
lecturer assessment states that the product can be applied 
with minor revision. The development product can be 
implemented in the field because it is by the applicable 
curriculum, time allocation, and educational institutions’ 
condition. 
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The level of effectiveness of the learning model in this 
study also shows a potential effect of using this model on 
students’ learning outcomes. That is, there is an increase 
in student learning outcomes after using this learning 
model. The effectiveness of learning products is 
determined by three criteria, namely: (a) the achievement 
of predetermined goals, (b) according to the needs of users, 
and (c) having a positive impact on improving learning 
outcomes, both in the aspects of knowledge, attitudes, and 
behaviour [56]. The results of this study are in line with 
and supported by the results of previous studies, which 
state that technology and information-based learning 
models (part of STEM) can help convey material in more 
detail and attract students’ attention [57]. In addition, 
using the calculus learning model with the STEM 
approach is more accessible and less draining, and its 
utilization is no longer limited by space and time [58]. 
That is, learning mathematics with the STEM approach is 
very effective because: (a) it can facilitate and expand 
access to information in learning because it uses 
computers and internet access, (b) can help visualize 
abstract material, (c) can display material learning is more 
interesting and (d) allows interaction with the material 
being studied. 

Many researchers, teachers, and lecturers have 
conducted studies on STEM. In addition to improving 
learning outcomes, the STEM approach that is integrated 
into courses/subjects also impacts other aspects. Chiang & 
Lee [59] reported that STEM learning blended into a 
project learning strategy could improve learning 
motivation and solve problems. The implementation of 
STEM learning is also considered to increase students’ 
feelings of self-efficacy [60], [61]. In other studies, STEM 
learning has also been shown to have a positive effect on 
(a) disciplinary adoption & student career awareness [62], 
(b) able to create solutions to problems in everyday life 
[63], [64], and (c) students become more active and 
enthusiastic [65]. In the future, research on calculus 
learning can be directed to various aspects that aim to 
improve learning outcomes and are also linked to efforts 
to stimulate student interest in learning, career interest, 
creating jobs in the STEM field, and others. 

6. Conclusions 
This research is a research & development research 

focusing on the trial aspect to see the level of validity, 
practicality, and effectiveness of the calculus learning 
model with the STEM approach for students. Based on the 
research data analysis results, this learning model is 
declared valid, practical, and effective by conducting a 
series of trial activities involving experts, lecturers, and 
students. The level of validity of this learning model is 
obtained through validation tests with two experts. The 
results of the two experts' assessment stated that the 

cumulative average score was in the valid category so that 
it could be continued for trials with users (lecturers & 
students). Furthermore, this learning model’s level of 
practicality is determined through three types of activities, 
namely monitoring the implementation of the model, 
lecturer response questionnaires, and student response 
questionnaires. This calculus learning model's practicality 
was stated to be good because the responses received from 
lecturers were positive responses. In addition to the 
validity and practicality level, this learning model is also 
tested for its effectiveness through learning outcomes tests 
(pretest and posttest). The statistical effectiveness test 
shows that there is a difference in the mean score between 
the pretest and posttest. Thus, the calculus learning model 
with the STEM approach is proven effective in improving 
student learning outcomes. 
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