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 This study aimed to determine the effects of the generative learning 

model for learning temperature and heat on science learning 

outcomes. This study was quasi-experimental research and used a 

non-equivalent control group design involving control and treatment 

groups. This research investigated class seven Islamic Junior High 

School students in Jambi Province, Indonesia. Random cluster 

sampling was used to select the control and treatment classes. The 

data were collected by the science learning outcomes test with the 

pretest and posttest. The data were analyzed using a t-test. The 

results of the t-test showed tcount= 2.74 > ttable with a significance level 

of 5%. Therefore, the H0 is rejected. The generative learning model 

significantly affected students’ science learning outcomes when 

discussing temperature and heat. The science learning outcomes of 

the treatment class were higher than those of the control class. 

2021 Scientiae Educatia: Jurnal Pendidikan Sains 
 

1. Introduction 

The problem of science learning in Indonesia is students’ low-scientific literacy at a junior high 

school level. The Programme for International Student Assessment (PISA) in 2018 revealed that 

Indonesia was ranked 74th of 79 countries with a score of 396 (OECD, 2019). Scientific literacy 

refers to the ability to use scientific knowledge to analyze and solve problems of science and daily 

life (Snow & Dibner, 2016). Moreover, it is closely related to understanding the concepts of 

science. Students who understand these concepts will apply them to solve scientific problems. 

Scientific literacy positively correlates with science learning outcomes (Bayram & Comek, 2009; 

Jufrida et al., 2019). Therefore, low scientific literacy indicates low science learning outcomes. 

The problem of low science learning outcomes also occurred in one of the Islamic junior high 

schools in Jambi Province, Indonesia. The average score of 95 class seven students of science 

learning outcomes in the even semester 2019/2020 was 59.4. This score is still below the specified 

minimum completeness standard 70. Meanwhile, only 39% of the students reached the minimum 

completeness. Data of science learning outcomes are shown in Table 1.    
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Table 1. The average score of class VII students at Islamic junior high school in Jambi 

Class Average scores 
Students passing the 

standard 

Students failed the 

standard 

VII A 55.5 8 23 

VII B 64.7 17 15 

VII C 58.1 12 20 

Total 37 58 

Source: Science teacher at Islamic junior high school 

The result of observing an Islamic junior high school in Jambi denotes that the science 

learning process still applies the teacher-centered method. The teacher did not use various 

learning models while the students participated in learning activities by paying attention to the 

teacher's material and examples conventionally presented. Moreover, the teacher did not give the 

exercises at the end of the lesson. They were less actively involved in discovering scientific 

concepts and were not accustomed to constructing their knowledge through investigations or 

experiments individually or in groups. Moreover, the teacher did not optimally utilize ICT-based 

teaching materials and learning media because he only used science textbooks and blackboard to 

teach. Therefore, it is necessary to improve the quality of science learning and create a learning 

model following the characteristics of the science subject matter. 

 Science is the study of natural phenomena through scientific processes and attitudes to find 

concepts, principles, laws, and theories. The national curriculum (K13) formulates that science 

learning aims to develop scientific attitudes, knowledge, and scientific process skills by observing 

a phenomenon, questioning a problem, gathering information, associating or analyzing a 

phenomenon, and communicating the investigation results. Temperature and heat are topics 

studied in grade seven. The students must master the basic competencies of analyzing the 

concepts of temperature, expansion, heat, heat transfer, and its application in daily life. The 

concepts of temperature and heat have previously been studied and introduced at the elementary 

level. In other words, students at a junior high school level have learned the concept of 

temperature and heat materials. Therefore, learning the topics of temperature and heat must be 

designed with learning models that accommodate and bridge the students' conception.  

There are several learning models suitably applied in science learning: inquiry, discovery, 

problem based-learning, generative learning, learning cycle (5E and 7E), prediction observation 

evaluation (POE), and cooperative learning (Rusilowati et al., 2019). The generative learning 

model is suitably applied when learning temperature and heat. The generative learning model can 

construct the relationship between learning materials and students’ knowledge or experience 

(Ariani, 2017). The generative model syntax is the orientation, concentration, challenge, and 

application (Ritchie & Volkl, 2000; Ulusoy & Onen, 2014). The generative learning model has 

four stages: orientation, idea disclosure and focusing, challenge, and application (Ariani, 2017).  

In the orientation phase, teachers explore students' initial knowledge by asking several 

questions. They are trained to express their ideas of a topic studied bravely. Moreover, they can 

build an impression and get an overview of the topic discussed by linking the material with their 

daily activities (Firmansyah & Wulandari, 2016). in the focus phase, teachers give a question, or 

problem about the topics studied. Then, the students are asked to propose a temporary hypothesis 

or answer. Students are guided to conduct an investigation or experiment at the challenge stage. 

They discuss the results of the investigation and conclude the results of the investigation in the 

group (Rosdianto, 2019). Then, group representatives present the investigation results in front of 

the class. Students can test alternative ideas built to solve various problems (Irwandani, 2015). 

Several previous studies revealed that the generative learning model affects creative thinking to 

discuss the buffer solution and hydrolysis materials (Wijaya et al., 2014), science process skills in 
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light material (Rosdianto, 2019) that reduces students’ misconceptions on circular motion 

(Firmansyah & Wulandari, 2016), students’ learning outcomes on work and simple aircraft 

materials (Effendi & Pantriani, 2020), and comprehension of the scientific concepts (Irwandani, 

2015). A study by (Maryani et al., 2020) discovered that the generative learning model using the 

PQ4R method through scaffolding affected physics problems. The generative learning model is 

based on hands-on activities and affects students' critical thinking skills in dynamic fluid material 

(Uki et al., 2017). 

The fundamental difference in this research is applying a generative learning model supported 

by media using Adobe Flash Professional CS6, graphic design software to design presentation 

media, moving animation, and simulation. This learning media of this research served to present 

temperature and heat materials. The ICT-based learning media is expected to make the learning 

process more interesting. The generative learning model was applied to temperature and heat 

materials for grade seven students of Islamic Junior High School. This research aimed to 

determine the effect of a generative learning model for learning temperature and heat materials 

on science learning. 

 

2. Method 

The quasi-experimental research aimed to determine the effects of a generative learning model 

for learning temperature and heat materials on science learning outcomes. This research used a 

non-equivalent control group design and involved the control and treatment groups 

(Maciejewski, 2020; Miller et al., 2020). This research investigated grade seven Islamic Junior 

High School students in Jambi Province, Indonesia. Random cluster sampling was used to select 

the control and treatment classes (Williamson & Johanson, 2017). Class VIIb (N = 32) served as 

the treatment group, and class VIIc (N = 32) served as the control group. 

In the treatment class, temperature and heat were taught using the generative learning model 

supported by Adobe Flash Professional CS6 media. Meanwhile, the learning activities consisted 

of four phases: orientation, focus, challenge, and application (Ulusoy & Onen, 2014). The teacher 

asked several questions to explore the students’ initial conception of temperature and heat 

materials in the orientation phase. In the focus phase, the teacher gave questions or discussed the 

topic of heat; then, the students formulated the hypothesis. In the challenge phase, the students 

conducted investigations or experiments, discussed the results of the investigations in groups, and 

presented the results classically. In the application phase, the teacher gave questions about 

applying heat concepts to test the students’ comprehension. In the control class, the heat 

materials were taught conventionally by using the question-and-answer method in PowerPoint.  

The data of science learning outcomes were collected through pretest and posttest. The 

instrument used was the science learning outcomes test. The test consisted of multiple choices 

with four alternative answers. The questions comprised 20 items for the pretest and 20 items for 

the posttest. Before the test, the questions had been tested to gain validity, difference power, level 

of difficulty, and reliability. The reliability of the pretest and posttest questions was 085. The next 

step was to analyze the data of science learning outcomes using descriptive statistics to determine 

the mean, standard deviation, maximum, and minimum values. The improving science learning 

outcomes were analyzed using the N-gain test (Bao, 2006; Hake, 1998). The differences of the N-

gain on science learning outcomes in the treatment and control groups were carried out by the t-

test with a significance level of 5% (Kim, 2015; Mood et al., 2019). 

 

3. Result and Discussion 

The data were obtained from the pretest and posttest in the treatment and control classes. The 

students in the treatment class applied generative learning while the students in the control class 
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applied traditional learning. The pretest, posttest, and N-gain results in the control and treatment 

classes are shown in Tables 2 and 3.  

Table 2. Data of science learning outcomes in the treatment class 

 

Table 3. Data of science learning outcomes in the control class 

 
N Average 

Standard 

deviation 
Max Min Difference N-gain 

Pretest 32 40.3 14.4 70 15 
30 0.48 

Posttest 32 70.3 5.9 80 60 

 

Table 2 shows that the learning outcomes in the treatment class increased by 33.5, with an N-

gain of 0.61. Meanwhile, the learning outcomes in the control class increased by 30 with an N-

gain of 0.48. To find out a significant difference in the average increase (N-gain) of science 

learning outcomes in the treatment and control classes, a hypothesis test was carried out by the t-

test. The data must be tested using the normality and homogeneity test. 

The N-gain normality test of science learning outcomes was carried out by the Kolmogorov-

Smirnov test with a significance level of 0.05. The results of the N-gain normality test of science 

learning outcomes are shown in Table 4. 

Table 4. The results of the N-gain normality test of science learning outcomes 

Variable Class 
Kolmogorov-Smirnov 

Statistics df Sig. 

Science learning outcomes 
Treatment 0.112 31 0.167* 

Control 0.135 31 0.158 

 

Table 4 shows that the significance value of N-gain data from science learning outcomes in the 

treatment and control classes is > 0.05. Therefore, the H0 is accepted. It shows that the N-gain 

data from science learning outcomes in the treatment and control classes were normally 

distributed. 

The variance homogeneity test was carried out on the N-gain of science learning outcomes. 

Moreover, the homogeneity test was carried out by the Levene test with a significance level of 

5%. The Levene test was carried out with the help of the SPSS 25 for Windows program. The 

results of the N-gain homogeneity test are shown in Table 5.  

Table 5. The results of N-gain homogeneity test of science learning outcomes 

Variable Levene statistics df1 df2 Sig. 

Science learning outcomes 0.130 1 62 0.521 

 

Table 5 shows that the N-gain significance value of science learning outcomes is 0.521 > 0.05. 

Therefore, the H0 is accepted. It shows that the N-gain data of science learning outcomes had 

relatively similar/homogeneous variance. 

The t-test conducted the hypothesis test to compare the average N-gain of science learning 

outcomes in the treatment and control classes. The t-test was carried out with the help of SPSS 25 

 N Average 
Standard 

deviation 
Max Min Difference N-gain 

Pretest 32 43.7 10.4 70 30 
33.5 0.61 

Posttest 32 77.3 8.2 95 65 
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for Windows program with a significance level of 5%. The decision criteria were employed to 

reject the H0 if the significance value was < 0.05. The results of the t-test are presented in Table 6. 

Table 6. The results of the N-gain t-test of science learning outcomes  

Variable t df Sig. 

Science learning outcomes 2.74 62 0.000 

 

Table 6 shows that the significance value of the N-gain on science learning outcomes is 0.000 

< 0.05. Therefore, the H0 is rejected. It shows that the average N-gain on science learning 

outcomes of students who applied the generative learning model was significantly different from 

those who applied the traditional learning method using PowerPoint. The application of the 

generative learning model significantly affected the students’ science learning outcomes when 

discussing temperature and heat materials. 

This research showed significant differences between science learning outcomes using the 

generative learning model and those using the traditional learning assisted by PowerPoint. The 

generative learning model syntax could connect the students’ initial knowledge with the material 

studied and train students to construct knowledge through the investigation or experiment. The 

generative learning model requires students’ active involvement to discover a concept; thus, the 

learning activities are no longer teacher-centered (Brod, 2021; Wardono et al., 2020).  

The results of this research are in line with that of (Nafikah 2011), who discovered that the 

application of the generative learning model could improve students’ science learning outcomes 

when learning the concept of heat transfer. The generative learning model effectively improves 

students’ creative thinking skills and science process skills in buffer solution and hydrolysis 

materials (Wijaya et al., 2014). Moreover, the generative learning model can reduce students’ 

misconceptions in circular motions (Firmansyah & Wulandari, 2016). The conceptual 

understanding of students who use the generative learning model is higher than that of students 

who use the conventional learning model (Irwandani, 2015). The generative learning model 

significantly affects science process skills in light material (Rosdianto, 2019). 

Meanwhile, (Maryani et al., 2020) explain that the generative learning model affects the 

PQ4R method by scaffolding physics-solving capabilities. Implementing the generative learning 

model affects the students' learning outcomes when learning business and simple aircraft 

materials (Effendi & Pantriani, 2020). The hands-on-activity-based generative learning model to 

discuss dynamic fluid material affects students’ critical thinking skills (Uki et al., 2017). 

In this research, the learning activity explored students' conceptions of heat topics. At the 

orientation stage, the teacher displayed a slide that contained temperature and heat topics. This 

slide also displayed pictures or animations; thus, the students were more interested in learning. 

Then, the teacher explored the students’ initial knowledge by asking some questions (Fiorella & 

Mayer, 2016; Rahayu et al., 2019). At the concentration stage, the teacher asked questions or 

gave temperature and heat materials problems. He also displayed the problem on the slide to 

clarify the problem. Then, the students were divided into groups. They discussed the materials in 

groups to formulate a hypothesis. 

Moreover, they were challenged to conduct an investigation or experiment to solve the 

problems (Prawita et al., 2019; Roelle & Nückles, 2019). Furthermore, the students were given 

worksheets as a guide to conduct investigations. The worksheet consists of questions/problems, 

hypotheses, tools and materials, and procedures. Then, the students in groups conducted 

investigations/experiments to prove the hypotheses.  

Furthermore, the students actively discussed some issues to analyze the results of the 

investigations or experiments and draw a  conclusion (Hindriyanto & Kurniasih, 2018). The 

students were trained to communicate the investigation results in classical presentations. The 
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teacher confirmed the concepts of temperature and heat learned. Moreover, he displayed a 

simulation of temperature and heat experiments. At the end of the lesson, the students were 

asked to work on exercises in applying the concepts of temperature and heat. 

Meanwhile, in traditional learning, the students only paid attention to the teacher's 

PowerPoint presentation on temperature and heat materials. He gave some examples and 

explained the application of temperature and heat concepts in daily life. At the end of the lesson, 

the students were asked to work on exercises. Learning activities in this class tended only to 

transfer knowledge; thus, the students showed low involvement in finding concepts. 

 

4. Conclusion 

The application of the generative learning model significantly affected the science learning 

outcomes of grade seven students of Islamic Junior High School when learning temperature and 

heat materials. Students in the treatment class showed higher science learning outcomes than the 

students in the control class. The generative learning model could connect the students’ initial 

knowledge of temperature and heat with the concepts studied. The model also involved students 

in solving problems through investigation and experiments. The learning activities began by 

exploring students' conceptions on heat topics. Then the teacher asked questions or problems 

concerning the effects of heat on temperature, the shape of the objects, and heat transfer. 

Therefore, the learning topics were focused. The students were given challenges to do 

investigation and experiments to solve problems and present the results of their investigation. At 

the end of the lesson, the students were asked to apply the concept to solve problems. 
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