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 The achievement of students’ learning outcomes in physics lessons has a low 

tendency, this is due to various factors, one of which is higher-order thinking 

skills (HOTS) based learning that has not been fully implemented in the 

learning process and assessment. This study aimed to determine the 

differences in the Synectic-HOTS learning model in physics compared to 

conventional learning models. This study used a quasi-experimental study 

with a pre-test–post-test nonequivalent control group design. The instrument 

used in this study is a two-tier test question that contains 20 items of HOTS 

aspect. The prerequisite test showed that the data was not homogeneous, while 

the results of the data homogeneity test were stated to be homogeneous. 

Therefore, a non-parametric test was carried out using the Mann-Whitney  

U-test. Based on the results of the data analysis, the Asymp. Sig. (2-tailed) for 

the pre-test was 0.111 and the post-test was 0.001 (p=.000<05). The effect 

size calculation shows that the Synectic learning model is effective in the 

medium category. These results indicate that the application of the Synectic-

HOTS model significantly improves HOTS when compared to conventional 

learning models. This work can open up insights to teachers about alternative, 

creative, and effective learning models to improve higher-order thinking skills 

and student learning outcomes. 
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1. INTRODUCTION 

One of the student’s competencies skills that are needed in the industrial era 4.0 is higher order 

thinking. The ability to think includes critical thinking, creative thinking, problem-solving skills, and decision 

making are important to improve [1]–[3]. In learning physics, students should understand the concept, have 

creative thinking, and apply it to daily life [4]. Learning physics plays an important role in everyday life. 

Learning helps students think analytically and have better thinking ability. It helps them develop their life-long 

and problem problems solving skills [5]. 

Indonesian students’ achievement in science is currently relatively low. At least 40% of students in 

Indonesia reach grade 2 in science from the Organization for Economic Cooperation and Development (OECD) 

average of about 78%, while highly proficient students in science are at 5 or 6 grades from OECD average of 

about 7%. These students are creative and independent in applying scientific knowledge to various situations. 

They understand concepts from their surroundings and everyday life to identify simple cases. This implies that 

students’ cognitive abilities need to be continuously improved. One way to improve the score is with learning 

strategies. 

https://creativecommons.org/licenses/by-sa/4.0/
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One of the techniques used by the government is the introduction of higher-level thinking skills based 

on Regulation of the Minister of National Education (Permendiknas) no. 21 on the content standard, no. 22 on 

the process standard, and no. 23 on the standard of assessment [6]. Solving problems in physics learning in 

accordance with the correct concepts and directing personal analogies so that it generates creativity through 

analyzing activities [7]. Learning with problem identification, problem organization, problem investigation, 

and building arguments is important in providing critical thinking skills [8]. Another proof is when students 

were given two tier test they can answer the multiple choice correctly, but they cannot give the reason. They 

do not get the concept. It is in line with [4], [9] about the physics test higher order thinking skills development, 

stated that students creative thinking was categorized as poor. This study aimed to determine the increase in 

students’ higher order thinking skills (HOTS) in physics learning and how the effect of using Synectic learning 

models on physics learning in high school. 

Conventional methods used in physics classes tend to measure cognitive aspects only, even though 

they have used learning tools [10]–[12]. Learning activities include explaining, giving examples, asking 

questions and then testing students. This causes students to memorize the formulas used [13]. In accordance 

with observations and interviews with teachers. There are three information that can be obtained, namely the 

learning process is still teacher-centered, students cannot ask or answer questions, and the learning model is 

less varied so that an innovative learning model is needed. 

Successful teaching involves versatility, innovation and responsibility to provide an education 

atmosphere that can meet the basic needs of the learner, it is in line with the aims of education beside to educate 

is improving human resources [7], [14]. It is applicable to all lessons include physics, which aim to create 

students’ scientific behavior, reasoning ability, concept and analysis mastering also developing science and 

technology [15], [16]. Students may not interest in the learning if it is not fun so physics learning should be 

fun. There are some efforts in making fun learning through learning model, learning method, media and also 

material [17]. If students’ interest in the learning, the learning objective can be achieved by communicating.  

Learning communication should be two ways, where the students are free to communicate anything 

to the teacher and vice versa. Besides communication, teachers need to have creative thinking. Teachers who 

have creative thinking can affect students learning process. It means that teachers know how to develop 

students well. Learning process can be done in different model, method, and also strategy [18], [19], but it 

should consider students’ need, learning material, and also learning tools. It is important to know that creative 

thinking leads to problem solving ability in different ways [20], [21], to be able to improve creative thinking 

skills, strategies, synergies with critical thinking and being part of higher-order thinking skills are needed [22].  

Moreover, teachers should have an awareness of individual learning process. In the learning phase 

individuals communicate with the following aspect process the knowledge exclusively and require a specific 

learning environment. Therefore, it is necessary to consider helping students to overcome learning difficulties 

and facilitate learning through effective interaction from teacher to students during learning activities. This in 

line with Suratno et al. [23] who stated that development of cognitive ability simultaneously with students’ 

learning processes.  

According to Maryani et al. [24], HOTS can be developed for the students so that it trains student’s 

higher-order thinking skills include critical thinking, synthesize through mind mapping, which both of them 

related to each other. Reflective study in the learning process which uses Synectic learning model, also 

improves students’ metacognitive abilities, one of the steps of learning activities, namely exploration or 

reflection [25]. To support the HOTS-oriented learning process, science learning can be presented with the 

help of learning modules as well as a need analysis of HOTS-oriented teaching materials [26]. Likewise,  

Zajuli et al. [27] conducted an analysis of HOTS needs in an effort to generate ideas for students. Students’ 

higher order thinking skills can actually be measured by various evaluation models. The multiple-choice test 

on the grounds is one of the diagnostic tests to determine of student understanding and mastery of the lessons 

that has been taught. This is in line with the use of a CBT-based multiple choice test [28]. Through early tests, 

it can be seen about the mapping of HOTS-based problem-solving abilities as studied by Istiyono et al. [9] 

either using CAT or using a physics tier-test [4]. 

One of the aims of education is to build quality learning, where learners are required to do something 

that cannot be achieved before learning, so that the learning outcomes are influenced. Many factors affect the 

low learning outcomes themselves, including the learning paradigm, the facilities, and students creative ability. 

According to Risdianto et al. [13], learning activities include explain, giving the example, giving question and 

then test the students. It causes students to memorize the formula used. 

Higher order thinking skills, what is commonly called HOTS, include classification, induction, 

deduction, and thinking ability [2]. HOTS aspects are not only about memorize and remember but also analyze 

(C4), evaluate (C5), and create (C6). Students are hoped to have some abilities in analyze aspect such as collect 

the information then divided it into interrelated parts, know the difference between cause and effect, and also 

identify the problem [29]. Evaluate aspect include present ideas and determine the relations between varies 

method, design and test the hypothesis, also make a decision. Create aspect include taking conclusion, 
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designing a problem solving [30], and the last make a new structure [24], [31], [32]. These aspects are similar 

to the Synectic learning model.  

Synectic learning model which stated by Gordon in 1978 [33] was oriented on creative thinking, it is 

closely related to cognitive-HOTS [34] and metacognitive through reflection activity [25]. Creativity is 

important in learning so that how to develop students’ imagination, build critical thinking skills can be done 

through various aspects of learning through science, art, language, and other fields of study [35], [36]. 

Generally, Synectic model consisted of two structures which have five and seven steps for each. This study 

adopted two structures of Synectic model [23], combined into five steps namely substantive input, combine 

direct analogies and compare analogies by explaining differences, constructing personal analogies, and 

generating new analogies. The structure of Synectic model is shown in Figure 1. 

 

 

 
 

Figure 1. General phase Synectic-HOTS model 

 

 

Based on Figure 1, students’ way of thinking is determined in stages that include various steps towards 

acquiring higher order thinking skills. Each stage has two circles, the colored circle and the white circle. Each 

shaded circle describes the student’s activity on physic lessons, while the white circle represents the 

performance of higher-order thinking skills in the Synectic-HOT model. The colored circle consists of the 

phases (white circles) of the Synectic model, namely: i) Substantive input (yellow circle): observation, 

understanding multiple photos/videos, identify problems as much as possible based on screen, know the 

definition, and understand features; ii) Combine direct analogies, compare analogies and explain the difference 

(blue circle) like: understanding characteristics, describe the analogy, identify the difference, explain the 

similarities and differences between the examples using the chosen analogy; iii) Personal analogy, such as: 

look for another example, consider yourself an object, discuss the results; iv) Exploration (explain the results 

in your own language, take note of the findings); v) Make new comparisons (To look for a new analogy, 

Finding similarities and differences, present ideas to the class). 

This research is a an implementation of the Synectic-HOTS oriented teaching materials that have been 

developed previously [6]. The Synectic-HOTS model applied in this study has a novelty value in the syntax 

combination of the Synectic model which is oriented towards higher order thinking skills. The renewal is in 

the lesson plan, teaching materials, and learning evaluation. 
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2. RESEARCH METHOD 

2.1. Research design 

This research used quasi-experimental research with pre-test and post-test nonequivalent control 

group design. The control group used the expository learning model, while the experiment group used the 

Synectic-HOTS model. The details are presented in Table 1. 

 

 

Table 1. Pre-test and post-test non-equivalent control group design 
Group Pre-test Treatment Post-test 

Experiment O1 X1 O2 
Control O1 X0 O2 
Note: O1=pre-test, O2=post-test, X1=Synectic-HOTS model,  

X0=expository learning model 

 

 

The research took place in public senior high school (SMAN) 2 Purworejo, Central Java, Indonesia. 

There were 120 students from two classes as the research subject with homogeneous variants seen from the 

homogeneity test results (p>0.05), then divided into two classes, namely the control class of 60 students and 

the experimental class of 60 students. The control class used conventional learning methods, such as 

presentation method, information discussion supported by teaching equipment, giving examples, and 

answering questions. Meanwhile, the implementation of the Synectic-HOTS learning model is assigned to the 

experimental class based on the lesson plan.  

To ensure that the Synectic-HOTS learning model was implemented with the lesson plan, model 

implementation was followed. Testing tool to determine higher order thinking skills using a rational multiple-

choice test consisting of 20 items containing HOTS aspects of analysis (C4), evaluation (C5) and creativity 

(C6). In this study, aspects of C1-C3 were not listed in the tests because the main goal of applying this model 

was to determine the higher order thinking ability of students in learning physics. The test questions before and 

after the test of the experimental class and the control class are designed differently with the same weight of 

questions. The pre-test and post-test questions for the experimental class and control class were made different 

with the same weight of questions. The blueprint for the higher order thinking skills test in physics learning for 

energy and work material is shown in Table 2. 

 

 

Table 2. Blueprint of test 
Aspect Sub-aspect Indicators 

Analyze 
(C4) 

Differentiate (A1) - Differentiate minimum and maximum Work. 
- Differentiate the velocity of an object in a certain way using the law of conservation of energy. 

- Differentiate amount of kinetic energy one another. 

Organize (A2) - Sort the smallest Work value of a moving object. 
- Sort the Work done by several forces that from various angles to the horizontal. 

- Sort the amount of kinetic energy of an object based on the law of conservation of mechanical 
energy. 

Attribute (A3) - Give a characteristic that Work is a change in the potential energy. 

- Give a characteristic that Work is the change in the kinetic of an object. 
Evaluate 

(C5) 

Check (B1) - Check the correctness of the Work at various constant forces. 

- Check the correctness of the Work at various constant forces. 

- Check the variation in the graph of the relationship between distance to kinetic energy, and 

height to potential energy. 

- Check the kinetic energy and velocity of objects at various positions using the conservation 

law of energy. 
Criticize (B2) - Choose an easier Work to move objects vertically and horizontally. 

- Check the potential energy of objects at various positions/heights. 

- Check the path that has a greater kinetic energy value based on the figure related to the law of 
conservation of mechanical energy. 

Create 

(C6) 

Generating ideas (C1) - Generating the way to determine kinetic energy of a moving object on certain path. 

- Generating the way to determine Work with various energy changes. 
- Generating the hypothesis that a change in the size of planet causes a change in its gravitational 

nature. 

Plan (C2) - Plan an experiment in applying the conservation law of mechanical energy in the case of free-
falling objects. 

Produce (C3) - Produce a simple prop to determine gravitational potential energy and spring potential energy. 

- Produce simple works to measure the speed of objects based on the law of conservation of 
energy. 
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2.2.  Data collection and analysis 

The data were obtained from higher order thinking skills two tier test tests both before learning and 

after learning (pre and post-test). The questions were multiple choice questions totaling 20 questions on work 

and energy material. The questions were arranged by the researcher and content validation was carried out by 

three physics material experts and two physics teachers using the Aiken’s V method, the average validation 

score was 0.825 in the good category. Meanwhile, the empirical validity test items on the higher order thinking 

skills test that have been tested on students as a whole are in the valid category with a value of rcount >rtable of 

0.444. The results of the test reliability analysis using Cronbach’s alpha showed the reliability of the instrument 

was 0.823, including the high criteria. 

Data were analyzed by using the non-parametric t-test (Mann-Whitney U test) to determine the 

significance value between the two experimental classes using the Synectic learning model and the two control 

classes using the conventional mode. The prerequisite test was carried out to determine the normality and 

homogeneity of data. To find out how students responded to learning, interviews were conducted with several 

students regarding their understanding of the learning process. To determine the effect size of the Synectic-

HOTS models then calculated using Cohen’s d by (1). 

 

𝑑 =
𝑀1−𝑀2

𝑠
 (1) 

 

Where, M1-M2 is the difference between the group means (M), s is the standard deviation of either group (0.2 

small; 0.5 medium; 0.8 large; 1.3 very large). 

 

 

3. RESULTS AND DISCUSSION 

The physics learning process was based on the lesson plan for the work and energy material. The 

synectic learning model used refers to the Synectic model initiated by Gordon [33], which includes: substantive 

input, combining direct analogies, suggesting similarities and differences, making personal analogies, 

exploring and generating new ideas. Based on the higher thinking ability test scores, it showed that both pre 

and post-test from the conventional class are relatively lower than the class using the Synectic-HOTS learning 

model. The final class post-test achievement using the Synectic-HOTS learning model gets a score of 75.68, a 

difference of 3.15 from the conventional class. The pre and post-test score can be seen in Table 3. 

 

 

Table 3. Pre-test and post-test score 

Model N 
Pre-test Post-test 

Mean Std. error Mean Std. error 

Synectic learning 60 62.05 4.735 75.68 5.251 
Conventional 60 63.40 6.973 72.53 4.553 

 

 

In this study, Kolmogorov-Smirnov one sample test was used to determine the normality of the data. 

Score p=0.00<0.05 indicated that the sample did not from a normally distributed population. Meanwhile, the 

homogeneity test results for the pre-test showed that both of them had homogeneous variants (p>.05), with a 

pre-test score of .014 and a post-test score of 0.095. Based on these data, a non-parametric test was performed 

using the Mann-Whitney U-test as shown in Table 4. The test results show that physics learning using a 

conventional model with a Synectic learning model has a difference, with an Asymp. Sig. (2-tailed) of 0.111 

on the pre-test, and 0.001 in the post-test (p=.000<.05). The results indicate that the implementation of the 

Synectic-HOTS learning model has a positive impact on improving students’ higher-order thinking skills in 

learning physics. The effect size calculation shows that the Synectic-HOTS model is moderately effective. 

 

 

Table 4. Mann-Whitney U-Test 
Group Z Asym. Sig. (2-Tailed) d (effect size) 

Pre-test experiment-control -1.593 .111 .641 
Pos-test experiment-control -3.284 .001 

 

 

To determine the right learning model, the teacher must determine the subject matter, student needs, 

teacher competence, and also the readiness of facilities and infrastructure so that they can support effective 

learning. The Synectic-HOTS learning model emphasizes the creative aspects of students, where one of the 
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orientations is to improve students HOTS ability which include the ability to analyze (C4), evaluate (C5), and the 

ability to create (C6). This HOTS aspect can be reflected in the details of the results of the pre-test and post-test 

in the experimental class for Work-Energy subject matter which are presented in more detail in Figure 2. 

As shown in Table 2, the HOTS aspects on the blueprint then divided into several sub aspects. In 

general, there is an enhancement of students’ HOTS ability when viewed from the tendency of increasing 

scores from each aspect as shown in Figure 1 for the results on the pre-test and post-test. The student’s ability 

in the analyzing aspect (C4) which consists of: the ability to distinguish has increased from the pre-test mean 

score 14.44 to 30.00 in the post-test, the sub-aspect of organizing has increased by 20.66 from the pre and post-

test results. Meanwhile, the ability to attribute has pre-test score of 11.67 and a post-test score of 20.50. The 

aspect of evaluating (C5) is divided into checking and criticizing. 

 

 

 
 

Figure 2. The percentage of students HOTS ability 

 

 

The improvement occurred in the sub-aspects of checking, which was shown with the differences 

between pre and post-test result scores of 19.11; while the sub-aspect of criticism increased by 14.89. The 

creating aspect (C6) on the pre-test seems to have a tendency to score almost the same on the pre-test scores, 

namely 21.11, 21.67, and 20.83. However, there was a significant increase in post-test, namely 31.67, 48.00, 

and 34.00. From all aspects and sub-aspects in Figure 2, the analyzing aspect appears to have the highest score 

compared to other aspects even though in the sub-aspect the ability to attribute or give special characteristics 

appears to be the lowest. Students have a tendency to excellent in the ability to organize concepts and analysis 

of physics, so that their scores appear to be better than other aspects. Another aspect is evaluating the sub-

aspects of planning ability. Students can plan a simple experiment well and solve problems related to the ability 

to formulate ideas or plan well. This result is supported by some researchers regarding the preparation of test 

instruments and test results for higher-order thinking skills [6], [9], [24], [28], [37]. 

Based on the results, implementing a Synectic-HOTS model can improve all aspects of HOTS, 

although in some aspects, especially the ability to evaluate and create, need to have more improvement. This 

can be shown in the increase of the mean score with a difference of 13.63. The results of students’ abilities 

enhancement in each HOTS sub-aspect cannot be separated from the role of students in learning and teacher 

facilitation in guiding students at each step of implementing the Synectic model. In the physics learning process 

using the Synectic learning model, students are given the freedom to explore their knowledge [38]. This 

flexibility is manifested in Synectic-HOTS syntax which includes the ability to make metaphors as well as 

exploration of conceptual understanding and analysis mastery of the work and energy material. This is in line 

with research by Kapile and Nuraedah [39] concerning the effects of implementing a Synectic model on the 

development KKNI learning model in science learning. A study by Suratno et al. [23] on the effectiveness of 

the Synectic model indicates that the Synectic model can improve student creativity and learning outcomes. 

This statement is in accordance with the study by Suratno et al. [23] that Synectic learning in science learning 

is closely related to aspects of creativity and students’ metacognitive abilities.  

Meanwhile, in relation to high-order thinking skills in all aspects, especially C6, namely creating as 

described by several researchers [20], [40], so that the Synectic-HOTS model is deemed necessary and 

important to be applied in learning physics. HOTS and the Synectic model are closely related, especially in 
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improving students’ cognitive abilities in learning science, especially physics. This is in line with the results 

of research by Agussuryani et al. [41] who examined the meta-analysis of science learning by linking STEM 

and HOTS at the vocational school level. 

The findings provide an answer to the research objectives as well as an illustration that through the 

HOTS-oriented Synectic-HOTS learning model it is possible to improve students higher-order thinking skills 

in learning physics for the subject of work and energy. Learning can take place effectively if there is good 

cooperation between teachers and students in a flexible manner so that student-centered learning is realized 

and is able to improve learning outcomes. This is an attraction for researchers, especially in educational 

research, how to improve learning through the development of learning models, learning strategies, and 

teaching materials by the Synectic-HOTS learning model. 

 

 

4. CONCLUSION 

It can be concluded that the implementing of the Synectic-HOTS model can significantly improve 

student learning outcomes. This is emerged from comparing the results of the pre-test and the post-test, either 

in the control class using the conventional model or in the experimental class using the Synectic-HOTS model. 

The Synectic-HOTS learning model is effectively used to train students’ HOTS, including the ability to 

analyze, evaluate, and create. In this case, the ability to make analogies, explore, and come up with new ideas 

needs to be continuously trained for students to have a critical and creative attitude. As a suggestion, this study 

should be used as a reference for teachers, schools and other educators about the importance of different models 

that can be applied in learning, especially physics lessons. In future work, the Synectic-HOTS model can be 

applied on a larger scale in both learning implementation plans, document scopes, teaching materials, and field 

implementations. Besides, teachers can also consider adopting the lesson plan, module, and material to be used 

in their classroom. However, teachers should consider about students’ need. The suggested techniques and 

methods to enhance the teaching and studying of physics are for integrative physics teaching, teacher is 

encouraged to incorporate creative learning models according to the student needs, and integrated into 

curriculum in the lesson plan. Through learning that emphasizes creativity and higher-order thinking skills, 

physics teachers can apply several practical ways to create a pleasant learning atmosphere, increase student 

motivation, and student achievement. If the implementation of learning has been running effectively, there will 

be a positive reciprocal relationship between teachers and students. Therefore, teachers need to design different 

strategies for every physics lesson in class; this is aim to helping students achieve good performance in physics. 
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