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Abstract 
Forecasting thinking skills are the ability to apply the scientific method in 

understanding, predicting, discovering knowledge effectively problem. The Indicators 

of forecasting thinking skills include and identifying the solving characteristics of 

problems, using patterns recognition for prediction, expressing any possibility in 

situations that have not been observed. The thinking skills are not possed optimally by 

students. The aims of the research is to develop of RBL-STEM learning materials to 

improve the student's forecasting thinking skills to solve resolving efficient 

dominating set. The research shows that learning materials that have been developed 

must obtain valid, practical, and effective criteria.  The average score for each aspect 

obtained on validity, criteria in this study is 3.5 for format validity, 3.6 for content 

validity and 3.5 for writing format validity. The score on the practicality aspect in this 

study is 3.8 for media format and 3.9 for language and writing on media. While the 

effectiveness scores in this study is 85% for student learning achievement test results, 
95.5% for student activity results and 81.8% for student response results. 
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Introduction 
Education is a factor that plays a very important role in the process of progress of the country, both formal education at every 

level of education, to informal education that develops in each individual life in society. Education in the world undergoes 

various kinds of reforms from time to time in order to correct things that are not right with new things that are better or can 
correct previous shortcomings. The well-known education reform in recent years is education with STEM approach. 

STEM is an approach that consists of four disciplines and their epistemological practices. The STEM approach is a very 

appropriate combination of problems in the real world with mathematics learning that can provoke students to find solutions in 

drawing lines from abstract concepts of each aspect, namely science, technology, engineering, and mathematics in building and 

developing various mathematical thinking skills. 

The majority of mathematical thinking skills prioritize the development of problem-solving skills. Research-based learning 

(RBL) is a learning that emphasizes the activity of searching and browsing repeatedly and continuously which is done by students 

individually or in groups of Singh et al. This learning model is also considered capable of bringing out various mathematical 

thinking skills in students that are needed in the 21st century, such as forecasting skills.    

Forecasting thinking skills are one of the skills that are integral to the Science Process Skills (KPS), while KPS itself is the 

ability to apply the scientific method in understanding, developing and discovering science. KPS is very important for every 

student as a provision to use the scientific method in developing science and is expected to acquire new knowledge or develop  
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knowledge that is already known. Graph theory is a branch of 

mathematics that studies the properties of graphs that are 

widely applied in various fields of science, such as physics, 

chemistry, biology, architecture, transportation, computer 

technology, social economics, and others (Yoga, 2020). One 

of the discussions contained in this graph theory is Resolving 

efficient dominating set. In graph theory, of course, it is 

inseparable from the problem of proof. In solving problems 

about resolving efficient dominating sets, students will be 

trained to find ideas, develop strategies from what is known 
to be able to formulate and develop mathematical evidence of 

the given problem. Therefore, the ability to prove students is 

needed in developing graphs and solving problems resolving 

efficient dominating sets.   

Based on the problems that have been explained, material 

development will be carried out using STEM-based research-

based learning model that aims to improve student 

forecasting skills. Therefore, this study is titled 

"Development of RBL-STEM Learning Materials to Improve 

Students' Forecasting Thinking Skills Analyzing resolving 

efficient dominating sets. 

 

Research Method 
The stages used in this study refer to the development of 

Thiagarajan, namely the 4D-Model which consists of the 
defining stage, the design stage, the development stage, and 

the disseminate stage (Hobri, 2021).  

Here are the stages of research that refer to the development 

of Thiagarajan. 

 

 
 

Fig 1: Prosedure of Research 

 

Results and Discussion 

Stem Components 
This research uses a research-based learning model with 

STEM approach to help students develop knowledge and 

skills in the fields of Science, Technology, Engineering, and 

Mathematics. The description of STEM components is as 
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follows:  

In the field of science (science) students are expected to be 

able to understand the problems presented regarding the 

classification of airport types and air traffic network control 

systems and determine airports that have the potential for 

density anomalies and no potential for anomaly density.  

(Technology) Students are expected to be able to use the 

internet in finding notion and solutions to the problems 

provided. In addition, students can search and learn the latest 

studies on the topic of Resolving efficient dominating sets. 

(Engineering) students are expected to be able to develop the 

topic of resolving efficient dominating sets in several graphs, 

and can solve problems regarding the classification of airport 

types and air traffic network control systems. (Mathematics) 

Students can apply the concept of resolving efficient 

dominating sets in several graphs and the formation of graphs 

from the connection between airports, starting from labeling 

points, determining the dominator and then calculating the 

connectedness of the set of each point to the dominator. 

 

Briefly it can be described as follows 
 

 
 

The stages of device development consist of defining, 

designing, developing, and deploying. This defining stage 

has the objective of establishing and defining learning needs 

by analyzing the objectives and limitations of the material to 

be delivered. The first step at this stage is that early-late 

analysis is carried out to determine the problems contained in 

learning activities and the development of learning materials. 

Next stage is student analysis used to obtain data on the 

characteristics of S1 Mathematics Education students, FKIP, 

Jember University. Then analysis of the concept of this 

process is carried out to identify, detail and compile 

systematically regarding the concepts that will be studied by 

students on the topic of Resolving efficient dominating set. 

 

 
 

Fig 2: Concept Map of Resolving efficient dominating sets 
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The next step in this stage is to prepare tests and instruments, 

media selection, format selection, and initial design. The first 

learning material is RTM; This RTM is prepared with the 

topic of Resolving efficient dominating set, with  research-

based learning model using  STEM approach. Second 

learning material produced is the Student Worksheet (LKM). 

This LKM contains STEM questions, which is the problem 

of airport density, by determining airports that are potentially 

congested and those that are not potentially density anomalies 

using a graph artificial neural network. In addition, it also 

determines the classification of airport types and air traffic 

network control systems using the concept of Resolving 

efficient dominating set. 

 

 
 

Fig 3: LKM Design 

 
The third learning material is the Learning Outcomes Test 

(THB), where the results of this test are used to measure 

students' forecasting ability. Pre-tests and post-tests are 

carried out individually. 

 

 
 

Fig 4: THB Design 

 
The third stage is the Device development stage. At the 

development stage, all developed devices are validated by 

validators. The device was validated by two validators, which 

is lecturers of the Mathematics Education study program 

FKIP Jember University, which are Ridho Alfarisi, S.Pd., 

M.Si., and Rafiantika Megahnia Prihandini, S.Pd., M.Si. In 

general, based on the assessment of the two validators, all 

learning materials in the form of RTM, Student Worksheets 

(LKM), and Learning Outcomes Tests (THB) can be used 

with minor revisions.  
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Format, content and language validation 
The device can be said to be suitable for use if it meets the 

valid criteria, if it appropriate with  score of 3.25 ≤ Va < 4. 

Validation of the results of the Student Assignment Design 

(SAD), obtained a score of Va = 3.5 so that the student 

assignment design can be said to be valid. Aspects that 

assessed at this stage are format, content, language and 

writing. The validation of Student Worksheet  (LKM) gets a 

score of Va = 3.54. So that the Student Worksheet can be said 

to be valid. The Validation Results of the Learning Outcomes 

Test (THB) get a score of Va = 3.6. So that the Learning 
Outcomes Test Sheet can be said to be valid.  

 

Practicality Test 
The practicality test of this learning material is carried out by 

analyzing student learning activities and lecturer activities 

during learning. Observation of learning activities in the 

classroom is carried out by five observers taken from Master 

of Mathematics Education students, the results of their 

observations can be seen in the Table below Based on this 

stage the overall average score of the observation results is 

3.8 and the percentage is 95%. Meanwhile, based on the 

criteria for device quality is, a device is said to be practical if 

the observation results are good (80% ≤ SR < 90%) or very 

good (90% ≤ SR ≤ 100%) in this study the score obtained is 

95%. So, it can be concluded that the device developed based 

on the results of observations meets the criteria very well so 

that the device being tested meets the practicality criteria. 

 

Effectiveness Test 
Test the effectiveness of learning materials. Learning 

materials can be said to be effective if they meet: 1. 

Completeness of student learning outcomes tests, 2. Analysis 

of student activities 3. The results of the student response. 

The results of the answers collected from the student learning 

outcomes test were obtained by 30 out of 35 students getting 

a score above 60, this means that 85% of students are 

complete and have met one of the criteria for a device called 

effective. So, it can be concluded that the device developed 

is effective, then based on student activity analysis data, the 

percentage of student activity is 95.5% with  category of 

criteria is very active, student response questionnaire sheets 

are given in pdf format. The recapitulation of the student 

response score showed that in the learning atmosphere item 

showed a positive response, namely 85.8% with the highest 

positive response details found in the LKM device novelty 

item, this is because the topics discussed in LKM are indeed 

relatively new for students of the Mathematics Education 

Study Program,  Faculty of Teacher Training and Education, 

University of Jember, which is about the coloring of the 

rainbow side of the antiajaib and the artificial neural network 

of the graph.  
 

Data Analysis 

2-Way Frequency Test 
The 2-way Frequency Test here using the Chi-square test in 

this study was used to determine the effect of the application 

of project-based learning on students' forecasting thinking 

ability. 

The Chi-square test that used is two-way frequency test using 

R-Shiny by entering pretest data and categorized posttest 

data. The hypothesis is formulated in the form of a pair of 

null hypotheses (H0) (and alternative hypotheses (H1). The 

test criteria, if the p-value value > 0.05, then H0 is accepted, 

while if the p-value value < 0.05, then H0 is rejected. Here are 

the hypotheses to be tested in this study:  

H0: No influence of learning materials on students' 

forecasting thinking ability. 

H1: There is a significant influence of learning materials on 

students' forecasting thinking ability.  

 

Pre-test 
The results of the pre-test were carried out a two-way 

frequency test to reinforce the results of the distribution in the 

control class and the experimental class. This statistical test 

was carried out using r-shiny online software, is 

https://statslab-rshiny.fmipa.unej.ac.id/RProg/BasicStat/. 

From the results of the 2-way frequency test, the result that 

obtained of p-value is 0.1142 because the test results showed 

more than 0.05, so H0 was accepted that there was no 

difference in the distribution of values in the control class and 

the experimental class. 

 

 
 

Fig 5: Pre-test 2-way frequency test results. 

 

Post-test 
The results of the 2-way frequency test at the Post-Test stage 

obtained a p-value of 0.04423, because the test results 

showed less than 0.05, H0 was rejected and H1 was accepted 

so that it could be concluded that there was a significant 

influence of learning materials on forecasting thinking 

ability. 
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Fig 6: Post-test 2-way frequency test results 

 

Discussion 
Research-based learning materials with STEM approach that 

developed in this research must be valid, practical, and 

effective. The device that has been developed is carried out a 

validation process by two validators, which are two lecturers 

of mathematics education FKIP Jember University. The 
validation results show that this learning device is included 

in the valid category, this is in line with Margiandini's 

explanation which shows that the learning device is said to be 

valid if it meets 61 < score < 80 and is very valid if it meets 

81 < score < 100 (Margiandini, et al. 2022). In addition, this 

learning material has also met the criteria of a learning 

material called practical and effective. 

This research-based learning model is recommended in the 

application of education in order to produce student higher 

motivation and can improve learning outcomes and be able 

to apply it in life (Dafik, 2019). This research-based learning, 

when applied in the classroom, will produce students who are 

more active, creative, and able to think more critically than 

students who use conventional learning. This is in accordance 

with research conducted by Suntusia (2019), Suntusia 

explained that learning carried out in conventional classes 

causes students to tend to be passive and lack the drive to 
learn to develop their potential (Suntusia, 2019).  

 

Conclusion 
The device that has been developed has been validated by two 

validators and tested on Test Trial class. These validation 

results meet the criteria of validity, practicality, and 

effectiveness. The validity score obtained on each device is 

3.5 for RTM (valid), 3.54 for LKS (valid), and 3.6 learning 

outcome tests (valid).  The observation score of learning 

implementation resulted in 3.8 with percentage is 95%. In 

addition to being valid and practical, the device also meets 

the criteria for effectiveness. On average, 91% of the students 

in the trial class were relatively complete and the response 

from students was very positive. Based on the test results, 

researchers obtained 30 students who scored above 60. This 

means that 86.7% of the students in this class have completed 

and met one of the effectiveness criteria. Student responses 
through questionnaires also provide more positive responses 

than negative responses. 
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