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Abstract— Developing the quality of creative thinking has always been one of the main goals of 

education. This study aims to describe the teaching quality of scaffolding learning and to find the hierarchy level 

of students’ creative thinking in mathematics based on the IPT model. The mixed-method design used to carry 

out this study with the data collection techniques used are validation, questionnaire, test, and interview. The 

results showed that the classification for developing the learning devices was valid. This learning was also to be 

practical and effective to develope mathematical creative thinking of students. The findings of the hierarchy of 

student’s levels of the high, medium, and low creative thinking ability groups have shown at the hierarchy level 

5, 4, and 3 in solving problems based on the IPT model. The results of this study have shown that each student has 
different information processing based on the category of their creative thinking abilities. This study implied that 

teachers need to provide the right scaffolding according to the obstacles experienced by students when processing 

information to solve problems.  
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1 INTRODUCTION 

The era of globalization and technological change that has occurred in the last few years has influenced 

people to solve complex and diverse problems in everyday life [1]. This is aligned with the most important goal 

of the educational system stated by Karkockiene [2], Yuniarti [3], and Puspitasari [4], which developing 

educational programs must help to enhance student’s creative thinking. Creative thinking has come to be 

important thinking as the most valuable human asset to survive. So, creative thinking needs to be given to 
someone from his early age [5]. The results of the studies indicated that it is possible to teach thinking skills and 

thinking skills instruction begins in pre-school years [6], [7], [8], [9]. Furthermore, Aizikovitsh-Udi state that 

instructional support and learning that can develop mathematical creative thinking must be prepared by teachers 

from preschool until secondary school that needs to emphasize not only the creative ways to solve problems but 

also the uniqueness of the solutions as done by mathematicians [10]. This can be done by allowing students to 

complete mathematical processes and structures.  

Scaffolding learning is a concept based on Vigotsky regarding the Zone of Proximal Development (ZPD). 

Vygotsky said that students have two levels of development, namely the level of actual and potential development 

[11], [12]. Scaffolding is a model of guidance based on students’ actual abilities to achieve their potential abilities 

[13]. With the application of scaffolding in mathematics learning, it can facilitate students in learning and can 

create effective learning [14]. If learning can run effectively, then the learning objective to develop mathematical 
creative thinking of students can be achieved. In this study, scaffolding learning was used so that students could 

achieve their optimal abilities in creative thinking, so that appropriate mathematical thinking abilities of students 

can be determined. 

The taxonomies that have been widely used to evaluate the quality of a student’s output are Bloom’s and 

the Structure of Observed Learning Outcomes (SOLO) taxonomy. Although both taxonomies have proven useful in 

assessing student’s abilities, these two taxonomies have some disadvantages in their implementation for developing 

test items to get the response of students at different levels. It cannot explain of how the processing information in 

solving problems [15]. Therefore, it is necessary to use the Information Processing Taxonomy (IPT) model in 

assessing mathematical abilities. The IPT model helps to build a test item that is properly used to assess student’s 
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creative thinking abilities. The ability to design the correct test item is defined at each level contained in the IPT 
model. Problems can be classified based on information processing carried out by students obtained from the 

mathematical knowledge they have to solve problems that have certain criteria at each level [16]. 

The purpose of this study is: (1) to describe the valid and practical learning device of scaffolding and (2) 

to find out the extent of the hierarchy level of high, medium, and low mathematical creative thinking ability based 

on the IPT model. By knowing the extent of the hierarchy of students’ abilities, the students can be optimized their 

mathematical creative thinking abilities. Students can also help to overcome obstacles they experience in solving 

problems.  

2 LITERATURE  

2.1 Scaffolding Learning 

Scaffolding learning is a concept based on Vigotsky regarding the ZPD. Vigotsky said that students 

have two levels of development, namely the level of actual and potential development [11], [12]. Scaffolding is 
a model of guidance based on students' actual abilities to achieve their potential abilities [13]. With the 

application of scaffolding in mathematics learning, it can facilitate students in learning and can create effective 

learning [14]. 

Students can solve problem-solving problems well if students can gradually know the information 

needed to solve the problem. This can be achieved by scaffolding. Scaffolding can work through a hierarchical 

program where students first solve low-level (simple) problems that can help students solve more difficult 

problems gradually until they reach high-level problems [17]. 

Stuyf further said that scaffolding techniques facilitate activities and tasks that (1) motivate students, 

(2) simplify assignments to make them more easily completed or achieved by students, (3) provide direction in 

helping students focus on achieving goals, ( 4) reduce frustration, and (5) provide clear direction about the 

ultimate goal of the activities carried out [18]. Therefore, scaffolding is considered to reduce the level of 

difficulty of students in solving problems and become motivated in learning [19]. 

On the other hand, the provision of scaffolding can develop social interactions between students and 

teachers and also social interactions between students [20]. This is because in the application of scaffolding 

there is the role of more capable teachers and friends who can help students in aspects not yet mastered by 

students [21], [22]. This is following the concept of scaffolding where scaffolding is used to define and explain 

the role of adults or peers who are more capable in supporting the learning and development of students' 

thinking processes [23]. With scaffolding given by teachers and friends who are more capable, students can 

exchange understanding in their social environment so that understanding of concepts can be reached by 

students and can help them in solving problems [24]. 

The application of scaffolding can have an effect on students' emotional and cognitive effects that not 

only affect students' knowledge and skills but can also increase students' confidence and motivation in 

completing assignments [23]. Scaffolding provides benefits to the teacher and students involved in it. 
Scaffolding can improve students' creative thinking and divergent thinking skills, increase their freedom of 

opinion and participate in problem-solving, and increase their confidence in learning mathematics [25]. 

2.2 Information Processing Taxonomy (IPT) Model  

The IPT model includes five levels of hierarchies that consist of two general features (Fong, 1994, 

1997; Purwoko et al., 2017): (a) a series of information processing components such as the external source (ES), 

short- term memory (STM) or working memory (WM) and long-term memory (LTM), and (b) operating system 

consisting of perception through stimulus, retrieving information from ES, and operations based on primary and 

secondary productions. The test of mathematical creative thinking can be classified into five levels based on the 

specific characteristics of information processing in solving problems. Five levels of the IPT model as showed 

in Table 1. 

 

 

  

 

 

 

TABLE 1. 
INFORMATION PROCESSING TAXONOMY MODEL 
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Source: [15], [16] 

 

ES is information identified from the problem being asked. Information from ES or LTM processed at 

STM / WM. There are type A and B information stored in LTM. Type A information as information is related to 
the latest and often delivered fields of study content, while type B information as information on related topics. 

Type B information is information that is difficult to remember or retrieve by students compared to type A 

information [15]. 

The study results of Purwoko showed that problem-solving problems can confirm the IPT in designing 

students' assessments on different levels [16]. The higher level of the question will be more hard to solve. The 

students who have good mathematical abilities have good abilities in information processing. From that 

analysis, students' thinking processes are still at levels 1 and 2 where students can identify external sources and 

can complete a problem-solving algorithm on the STM. Based on the study, this study wants to show that 

creative mathematical thinking questions also can confirm the IPT in designing students' assessments on 

different levels of hierarchy. By knowing the information processing of students 'creative thinking abilities, the 

teacher can help students who are still experiencing obstacles or difficulties when doing information processing. 

3 METHOD 

3.1 Research Design  

The research method used in this study was a mixed-method design [26], [27]. Firstly, the quantitative 

method was used to analyze the expert validation and students' response criteria to describe the teaching quality 

of scaffolding learning. Secondly, the qualitative method is used to analyze the hierarchy level of students' 

mathematical creative thinking in scaffolding learning based on IPT models. 

3.2 Participants   

The research subjects were 8th-grade students at SMPN 18 Semarang. Six students were taken by 

purposive sampling where each group of mathematical creative thinking abilities categories was represented by 

two students for triangulation to analyze the extent of their hierarchy level to solve mathematical creative 

thinking tests based on IPT models. Triangulation techniques were carried out using two different techniques, 

including tests and interviews. 

3.3 Data Collection Methods  

The data collection methods used in this study were validation sheets, student response questionnaires, 

and mathematical creative thinking tests based on the IPT model. To assess the quality of scaffolding begins by 

validating the syllabus, lesson plans, and tests of mathematical creative thinking abilities based on the IPT 

model. Validation was carried out by experts in the field of mathematics education consisting of 6 people. After 

implementing the scaffolding learning, questionnaires were given to get students' responses about the learning 

and then students get the mathematical creative thinking test. An evaluation of the student's work results in 

completing the test will be analyzed to what extent their creative thinking abilities are based on the hierarchy 

level of the IPT model. 

4 RESULTS  

The quality of scaffolding learning is assessed at the planning and implementation stages of learning. In 

the planning stage, the average results of the validation assessment by the six experts on the learning tools and 
research instruments were 4.33 and 4.35 with very good categories. It can be concluded that it is suitable for use 

in research. At the implementation stage, scaffolding learning is assessed using teacher observation sheets 
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managing student learning and students’ responses. The average assessment of a teacher's ability to manage the 
learning is 4.09 with good criteria. The results of the student response questionnaire on scaffolding learning also 

obtained an average score of 3.04 is included in the good category. At the evaluation stage, scaffolding learning 

can reach the proportion of students completeness of more than 75% and the average creative thinking ability of 

students in the class is more than the average creative thinking ability of students in the control class. This 

shows that learning with assistance or scaffolding is effective 

Analysis of student's mathematical creative thinking was conducted on selected subjects based on the 

ranking of the test scores. Six research subjects were divided into three groups: upper, middle, and low group. 

Each group was taken by two students to be analyzed the achievement of the hierarchical level based on the IPT 

model. The list of subjects in this study as shown in Table 2. 

 

 

 

 

 

 

 

 

 

The results of the analysis of creative thinking in solving geometry problems of research subjects from 

the upper group showed that S11 could solve each question at the hierarchy level 1 to hierarchy level 5 well. 

Therefore, S11 was at hierarchy level 5. The same result could also be shown in the results of the analysis of 

creative thinking ability in solving geometry problems of research subjects from the upper group, S12. So it 

could be concluded that the level of creative thinking ability of upper group research subjects was at the 
hierarchy level 5. 

The results of the analysis of creative thinking ability in solving geometry problems of research 

subjects from the middle group showed that S21 subjects could not solve the problem at the hierarchical level 5. 

S21 was able to perceive stimuli by writing down what was known and asked about the problem correctly. 

However, S21 was not appropriate in applying the concept of comparison, as can be seen in Fig.1. S21 solved 

the size of the length, width, and height directly by dividing the ratio of each size with the results of the times of 

the ratio of length, width, and height. As a result, the results of the completion given by S21 were not correct. 

Therefore, S21 was at the level of hierarchy 4. 

 

 

 

 

 

 

 

 

 

The same result was also done by S22 in solving the problem at hierarchy level 5. S22 divided the size 

of the ratio of length, width, and height with the results of the ratio of length, width, and height because she 

assumes that the results of the comparison of length, width, and height were equal to the volume of a cuboid. 

Therefore, S22 made the same error as S21. This means that the S22 was also at hierarchy level 4. The results of 

the analysis on S21 and S22 showed that the level of creative thinking ability of the subject of the middle group 

research based on the IPT of the model was at the hierarchy level 4 

The results of creative thinking ability in solving geometry problems from the low group S31 showed 

TABLE 2. 
LIST OF RESEARCH SUBJECTS 

 
 
 
 
 
 
 
 
 

 

Fig.1. Creative thinking ability of S21 solve the problem at 
hierarchy level 5 
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that S31 cannot solve the problem at the hierarchy level 4 and 5. At the hierarchy level 4, S31 could only do the 
perception of stimulation by writing exactly what is known and asked about the problem. However, S31 was not 

appropriate in retrieving information from LTM type A in the form of the cuboid volume formula, so that the 

primary production results experienced an error. Although the mathematical operations carried out by S31 in the 

secondary production system were correct, but because the primary production results were incorrect, the results 

of the secondary production system were also incorrect. As a result, the subject S31 did not meet criteria 

hierarchy level 4. The results of creative thinking ability from S 31 in solving the problem at hierarchy level 4 as 

explained in Fig.2. 

 

 

 

 

 

 

 

At the hierarchy level 5, S31 has been able to do every stage of starting the perception of stimulation 

up to getting a second production system. However, S31 made a mistake in the calculation process, which was 

4x × 2x × x = 8x, and until the value of x = 2 was obtained, S31 made an error in the calculation process. 

Although the results obtained were correct, but because she experienced errors in the process in short-term 

memory, S31 was considered not to meet the hierarchy level 5. Creative thinking ability from S31 in solving the 

problem at hierarchy level 5 as explained in Fig.3. 

 

 

 

 

 

 

 

 

 

At the hierarchy level 4, S32 misinterprets what was known about the problem. The height of a 

rectangular prism that was supposed to be high for three rectangular prisms was considered by S32 to be the 

height of a rectangular prism. This resulted in the primary production system having errors even though the 

information was taken from LTM type A was correct. Therefore, S32 could not meet hierarchy level 4. The 

results of creative thinking ability from S32 in solving the problem at hierarchy 4 can be seen in Fig.4. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Creative thinking ability of S31 solve the problem at 
hierarchy level 5 

 

Fig.4. Creative thinking ability of S32 solve the problem at 
hierarchy level 4 

 

Fig.2. Creative thinking ability of S31 solve the problem at 
hierarchy level 4 
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S32 also could not solve the problem at hierarchy level 5 properly. S32 was incorrect in applying the 
comparison concept when looking for the size of a swimming pool. S32 determined the size of length, width, 

and height sought by dividing each size comparison to the multiplication of all the sizes of existing 

comparisons. As a result, the results obtained were wrong. This means that S32 did not meet hierarchy level 5. 

The results of the analysis on S31 and S32 indicated that at the level of creative thinking ability the subjects of 

the low-level research subjects were at the hierarchy level 3. 

The results of the analysis of students' creative thinking ability in solving problems based on the IPT 

model show the following points. 

1) All students have been able to do information processing well at hierarchy level 1. In solving this 

problem students don't need to retrieve information from LTM, they just need to solve the problem by drawing 

cube nets on the paper that has been provided. 

2) The question at hierarchy level 2 could be solved well by almost all students. This was due to 
solving the hierarchy level 2 problem, students needed to take the information from LTM (type A) which has 

been mastered by students in the matter on solid, namely the volume of the pyramid. Next, the student must 

process the information in the STM so that a solution could be obtained. However, there were still some students 

in the middle and low groups who experienced errors in the calculation process and conclusions. 

3) In the question at hierarchy level 3, there were still some students in the middle and low groups who 

have difficulty in retrieving information from the LTM (type B) which is the factorization concept. Even though 

students could answer the questions correctly, the answers given were done to imagine the answers without the 

concepts underlying the answers. 

4) In the question at hierarchy level 4, only students in the upper and middle groups could complete. 

This was because, students have difficulty in representing the given picture, which results in student's errors in 

solving problems. 

5) In the question at hierarchy level 5, only students in the upper group can complete. This was because 
to complete the hierarchy level 5, it was necessary to retrieve information from LTM (types A and B), followed 

by operating the information in the STM. The majority of students' errors at the hierarchy level 5 were caused 

by students who did not master the concepts in comparison matter, where students had to make mathematical 

models of the questions given.  

5 DISCUSSIONS  

Results of students' responses showed that students like scaffolding learning they have just followed. 

The initial learning activities with scaffolding begin with the phase of group formation. The formation of groups 

in learning is done by giving students the initial ability to think creatively first to students who then serve as a 

reference in forming heterogeneous groups. It is intended that more capable students can help students who are 

at the level of the category below it to be able to succeed through each process of thinking and can complete the 

given task or problem well. This is following the concept of scaffolding where scaffolding is used to define and 
explain the role of adults or peers who are more capable in supporting the learning and development of students' 

thinking processes [23]. The role of teachers and friends who are more capable can help students in aspects not 

yet mastered by students [21]. 

Scaffolding learning can reach the proportion of students completeness of more than 75% and the 

average creative thinking ability of students in class is more than the average creative thinking ability of 

students in the control class. This shows that learning with assistance or scaffolding is effective. As stated by 

Vonna, Mukminatien, & Laksmi, the provision of scaffolding can reduce the level of difficulty of students in 

solving problems and become motivated in learning [19]. On the other hand, the provision of scaffolding can 

develop social interactions between students and teachers and also social interactions between students [20]. 

This is because in the application of scaffolding there is the role of more capable teachers and friends who can 

help students in aspects not yet mastered by students [21], [22]. The provision of scaffolding is even more 

integrated with a scientific approach where students can be active to observe, cultivate, reason, try and 
communicate the results they get. Customizing students to think creatively and actively in solving these 

problems can have a significant impact on the achievement of students' creative thinking abilities at the end of 

learning. 

The results of the analysis of students' creative thinking ability in solving problems based on the IPT 

model showed that higher levels of the hierarchy, then the few students who can solve the problems at that level. 

By the previous study of Fong and Purwoko which showed that the number of students who can be solved 

problems based on the information processing taxonomy model decreases linearly with the increasing 
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complexity of questions from hierarchy level 1 to level 5 [15], [16]. For example, some operating systems at 
level four in the information processing taxonomy model require a secondary production system. This causes 

only students who can complete secondary production systems that can solve problems.  

6 CONCLUSIONS 

Creative thinking is an important ability to develop early. Developing creative thinking abilities from an 

early age, students will get used to solving problems by trying various possibilities. In mathematics, teachers and 

researchers can develop learning to enhance the student's creative thinking abilities. Teachers can provide more 

opportunities for students to explore the answer or solutions with the aspects of fluency, flexibility, originality, and 

elaboration. Based on the results of this study, the classification for developed learning devices in scaffolding learning 

was valid. The scaffolding learning can also improve mathematical creative thinking of students as indicated by the 

positive response from students. The findings of the hierarchy of students' levels of the high, medium, and low 

creative mathematical thinking ability groups are at the hierarchy level 5, 4, and 3 in solving problems based on the 
IPT model. 

The majority of students in this study have difficulties in retrieving information derived from LTM (type B). 

Therefore, in giving questions to students the teacher needs to familiarize students with giving exercises that involve 

retrieving information from LTM (type B), that is, connecting the material taught today with other materials that have 

been learned before. The results of this study have shown that each student has different information processing based 

on the category of their creative thinking abilities. This study implied that teachers need to provide the right 

scaffolding according to the obstacles experienced by students when processing information to solve problems.  
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