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 The Purpose of this study is to find out what forms of conceptual 

construction errors experienced by students in solving 

mathematical problems and the appropriate form of scaffolding for 

each concept construction error experienced. This type of research 

is descriptive qualitative research. In determining the subject of this 

study using purposive sampling technique. The research subjects 

were students of class XII, the subjects of this study were 6 people 

which were then reduced to 2 people representing medium and low 

abilities. The instruments used in this study were test questions and 

interview sheets. The data obtained were analyzed by the steps (1) 

Reducing the data. (2) presenting data and (3) drawing conclusions. 

The results of this study are that S1 experienced more “correct” 

pseudo construction errors and mis-logical construction with the 

scaffolding provided, namely level 2 (reviewing, explaining and 

restructuring) while S2 experienced four types of errors with the 

scaffolding provided, level 2 scaffolding. each individual will be 

different because it must be adjusted to the actual development zone 

of each. 
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SCAFFOLDING PADA KESALAHAN KONSTRUKSI KONSEP 
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 Penelitian ini bertujuan untuk mengetahui apa saja bentuk-bentuk 

kesalahan konstruksi konsep yang dialami siswa dalam pemecahan 

masalah matematika dan bentuk scaffolding yang sesuai untuk 

masing-masing kesalahan konstruksi konsep yang dialami. Jenis 

penelitian ini adalah penelitian deskriptif kualitatif. Dalam 

menentukan subjek penelitian ini menggunakan teknik purposive 

sampling. Subjek penelitian adalah siswa kelas XII, subjek 

penelitian ini berjumlah 6 orang yang kemudian direduksi menjadi 

2 orang yang mewakili kemampuan sedang dan rendah. Instrumen 

yang digunakan dalam penelitian ini berupa soal tes dan lembar 

wawancara. Data yang diperoleh dianalisis dengan langkah-

langkah (1) Mereduksi data. (2) menyajikan data dan (3) menarik 

kesimpulan. Hasil penelitian ini yaitu S1 lebih banyak mengalami 

kesalahan pseudo construction “benar” dan mis-logical 

construction dengan scaffolding yang diberikan yaitu level 2 

(reviewing, explaining dan restructuring) sedangkan S2 mengalami 

keempat bentuk kesalahan dengan scaffolding yang diberikan 

adalah scaffolding level 2. pemberianScaffolding pada setiap 

individu akanlah berbeda karena harus disesuaikan dengan zona 

perkembangan aktualnya masing-masing. 
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1. INTRODUCTION 

Mathematical problem solving ability plays an important role in learning 

mathematics [1]–[3]. Students can upgrade higher order thinking skills by applying 

problem solving-based mathematics learning. Mathematical problem solving can also 

stimulate the improvement of students’ specific skills that help students understand the 

relationship between concepts, cultivate perseverance and curiosity, and develop students’ 

self-confidence in dealing with problems [4], [5]. 

According to Sánchez-Barbero’s opinion, one of the important cognitive tasks that 

must be implemented in the classroom is problem solving [6], [7]. This ability is one of 

the most relevant aspects of curricula in many countries and an educational competency 

that is taken into account in international assessment frameworks (e.g., International 

Trends in Mathematics and Science Studies, TIMSS; Program for International Students 

International Assessment, PISA or National Assessment of Educational Progress, NAEP). 

This ability gives students the knowledge and skills to deal with everyday problem 

situations or non-routine problems [8]. 

However, the reality shows that students’ mathematical problem solving abilities are 

still not satisfactory. Based on research conducted by Subanji, it is known that students 

often experience errors in constructing concepts. An error that often occurs is when 

students make a problem-solving model but cannot solve it properly. Students are not used 

to solving uncommon problems. Several factors that cause this problem include thinking 

errors in making connections, insufficient prior knowledge, and incomplete procedural 

thinking processes [9], [10].  

In solving mathematical problems, students still often make mistakes, especially in 

constructing concepts. There are many incidents where students can only ‘calculate 

mathematically’ but have not been able to solve problems. Because what is really needed 

in everyday life is the ability to solve problems, not just do quick calculations [9], [11]. So 

that it can cause students to experience concept construction errors in solving mathematical 

problems. 

Subanji stated that the forms of students’ conceptual construction errors were pseudo 

construction, construction hole, incorrect analogy construction, and logical construction 

error. Students experience pseudo construction consisting of two forms, true and false, then 

construction hole occurs when the ability of the thinking structure form is not intact. 

Analogical construction errors occur because students assume all concepts are the same. 

And students experience a logical construction error when students experience errors in 

logical thinking and do not understand a problem presented [9].  

When students carry out mathematical problem-solving activities, there are errors in 

the construction of concepts they understand, therefore these errors need to be taken 

seriously. To correct the error in the construction of the concept, assistance or 

reinforcement from the teacher or supervisor is needed in the form of reinforcement or 

scaffolding that is in accordance with the circumstances and needs of students. 

According to Wood, Bruner, & Ross scaffolding can be defined as a process that 

allows a child or student to solve problems, carry out tasks, or achieve goals that will 

surpass him/herself [12]. According to Miyazaki, the scaffolding process can motivate 

students in problem-solving procedures, the scaffolding process will increase students’ 

confidence in solving mathematical problems, and this method can show students’ 

mistakes and misunderstandings in the solving procedure [13]–[15]. Another idea that 

affects scaffolding is the zone of proximal development (ZPD). ZPD is the distance 

between actual developmental level by independent problem solving and potential 

development level through problem-solving under adult guidance, or in collaboration with 



 

Indonesian Journal of Science and Mathematics Education 

Scaffolding on Student Construction ….  │            Isnania, et al  

 

I n d o n e s i a n  J o u r n a l  o f  S c i e n c e  a n d  M a t h e m a t i c s  E d u c a t i o n  ( I J S M E ) | 315 

 

more capable peers [16]. In addition to the ZPD, the scaffolding has several levels in 

providing assistance, namely environmental provisions, the second level is explaining, 

reviewing and restructuring, and the last level is developing conceptual thinking [17], [18]. 

Based on previous research, it was found that most teachers provided scaffolding in 

the form of explaining, reviewing, and restructuring [13]. Meanwhile, recent research 

shows that good scaffolding should be able to help and improve computational thinking 

processes because giving questions, instructions, reminders, directions, or encouragement 

makes students’ computational thinking optimally active [19]. 

From several previous studies, it can be seen that scaffolding has many benefits, 

especially to improve thinking skills. The difference between this study and previous 

research is that this research focuses on students’ thinking processes in solving 

mathematical problems by looking at the concept construction errors seen from the think 

aloud process and added by open interviews with research subjects. Giving scaffolding in 

the problem solving process is very important and good for students because it can reduce 

the forms of students’ concept construction errors. Giving scaffolding to students aims to 

help students to overcome conceptual errors in solving math problems [20], [21]. 

Therefore, every teacher must understand the concept and how to provide the correct 

scaffolding so that the results are maximal.   

 

2. METHOD 

This research is included in the type of qualitative research. According to Creswell, 

qualitative research is a method for exploring and understanding the meaning of social or 

humanitarian problems [22]. This research process involves important efforts, such as 

interviews, collecting specific data from the participants, analyzing the data, and 

interpreting the meaning of the data. Data analysis consists of 3 stages: 1) Data reduction, 

selecting and classifying students who make mistakes in constructing concepts. The initial 

subjects in this study amounted to 6 people after reducing the subject data that met the 

problem solving indicators into 2 students with moderate and low abilities. (2) The 

presentation of the data is to arrange the types of errors made by students based on the 

concept construction errors in problem solving problems. (3) Drawing conclusions. Figure 

1 shows the flow of the research procedure. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 1. Qualitative Research Flowchart [23] 
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The subject selection technique in this study was purposive sampling. The subjects 

in this study were two grade 12 students at SMA Islam Al-Arief Jambi with category 1 

student with low math ability (S1) and 1 student with moderate math ability (S2). There 

are two types of instruments used in this study. The main instrument is the researcher 

himself who acts to design, collect data, analyze data, interpret data, and record research 

results. The supporting instruments used in this research are problem solving ability tests 

and interviews.  

 

3. RESULTS AND DISCUSSION 

The data generated in this study were sourced from the results of the problem-solving 

ability test and the results of open interviews. Research subjects work on the questions 

given by doing think aloud. From the results of the interview, it was found that various 

forms of concept construction errors were found, from the concept construction errors the 

researchers provided scaffolding based on the level according to the needs.  

 

3.1 Analysis of Concept Construction Errors in S1 in Solving Problems and the 

Process of Providing Scaffolding.  
 

 
Figure 2. S1 Work Result in Understanding Problems 

 

Based on Figure 2, it can be seen that S1 has understood the problem and the content 

of the questions well, but S1 did not write down the known information and the problems 

asked. After the researcher conducted the interview, it was found that S1 admitted that he 

forgot to write down the two stages. The error experienced by S1 is the “wrong” pseudo 

construction and the researcher provides scaffolding in the form of explaining, namely by 

explaining that writing down the information that is known and the problem being asked 

is an important thing in the steps to solving problem solving problems. 
  

 
Figure 3. Result of S1 Work in Planning Problem Solving 

 

Based on Figure 3, S1 begins to plan a solution by writing down the area of the 

trapezoid which is 12(k + l) then S1 continues the work by dividing the area of the 

trapezoid into two, which is L1 =
12(k+l)

2
= 6(k + l) and L2 =

12(k+l)

2
= 6(k + l), which 

means that the area is the same. However, the student experienced an error in the 

construction of the “correct” pseudo construction concept when explaining the concept of 
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height in the trapezoid. When asked why the height of the trapezoid was replaced with k + 

l while the area of the trapezoid to be divided was the same, S1 could not answer and was 

silent. From the results of the interview, it can be seen that S1 still cannot explain the 

concept of height in a spatial structure even though the answers written are correct, so the 

researcher provides scaffolding in the form of restructuring by simplifying a concept of 

height in a two-dimensional figure with different examples to make it simpler and more 

acceptable for students.  
 

 
Figure 4. The Results of S1 Work in Solving Problems 

  

Based on Figure 4, it can be seen that S1 solves the problem by finding each unknown 

component using the known area of the trapezoid. However, while working, S1 made a 

mistake, so that the results obtained are not as they should be L1𝐴𝐵𝑃𝑄 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 2 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑖𝑑𝑒𝑠×𝑡

2
→ 6(𝑘 + 𝑙) =

17+𝑡(𝑘+𝑙)

2
 where it should be L1𝐴𝐵𝑃𝑄 =

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 2 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑖𝑑𝑒𝑠×𝑡

2
→ 6(𝑘 + 𝑙) =

17+𝑡(𝑙)

2
. S1 is wrong in substituting the high value 

in the trapezoid ABPQ where it should be l but S1 wrote k + l. So it can be seen that S1 

made a concept construction error, Mis-Logical Construction because students gave wrong 

answers which resulted in students not being able to reason and understand the questions 

correctly, then the researcher provided scaffolding in the form of explaining, namely by 

conveying the actual concept to S1.  
 

 
 

 
Figure 5. The Result of S1 Work in Solving Problems 

 

Based on Figure 5, the steps taken by S1 were correct but when interviewed about 

the concept students seemed to have conceptual construction errors, when S1 equated the 

results of the area of trapezoid 1 and trapezoid 2 by using the term “crossed out”. In the 

interview, the researcher asked the reason why there were numbers that crossed out. Then 

S1 answered “I can cross out the numbers because the values are the same”. From these 

answers, it appears that S1 experienced a concept construction error in the form of a 

Construction Hole because what the students wrote was correct but the reason was wrong. 

Therefore, the researcher provides scaffolding in the form of explaining by explaining the 

real concept of linear equations. 
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Figure 6. S1 Work Result in Reviewing Answers 

 

Based on Figure 6, it can be seen that S1 did not find the right answer, where the 

correct answer was the length of rope (t) required but S1 answered k=l. When the 

researcher asked why S1 wrote k equal to l, S1 reasoned because it was wrong from the 

start. Actually, there is an error when S1 assumes the height for the area of trapezoid 1 and 

area of trapezoid 2 with k + l, which should be k for the area of trapezoid1 and l for 

trapezoid 2. At this stage the researcher provides scaffolding in the form of reviewing by 

revisiting and identifying aspects problem to be solved.  

 

3.2 Analysis of Concept Construction Errors in S2 in Solving Problems and the 

Process of Providing Scaffolding 
 

 
Figure 7. Results of S2 Work in Understanding Problems  

 

Based on Figure 7, it can be seen that S2 understands the questions given. S2 

describes the trapezoidal shape first and writes the names of the vertices of each. In Figure 

6 it can be seen that there are several writings of the name of the vertices. In the interview, 

S2 told that at the beginning of the work S2 made a mistake in placing the name of the 

vertices where the PQ side should be parallel to the side AB but S2 actually made the point 

P not on the AD side so that the two lines became a line that crossed while in the problem, 

the line had to divide trapezoid into two equal parts. This error is classified as a “correct” 

pseudo construction because at first the student’s steps looked right, but when it was traced 

it turned out that what the student was doing was wrong. So the researchers provided 

scaffolding in the form of reviewing by asking students to read the names of the trapezoidal 

shapes that had been made sequentially. 
  

 
Figure 8. The Result of S2 Work in Planning Problem Solving  

 

Based on Figure 8, S2 plans to solve the problem by finding the area of the trapezoid with 

a known value. However, it can be seen that S2 wrote the formula for the area of a trapezoid 

with a sentence that initially looked correct but had the wrong meaning so that S2 
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experienced a construction error in the concept of the construction hole shape. The formula 

for the area of a trapezoid that should be 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 2 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑖𝑑𝑒𝑠×ℎ𝑒𝑖𝑔ℎ𝑡

2
, but S2 wrote it as 

2 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑖𝑑𝑒𝑠×𝑡

2
. Looks similar but has a different meaning. During the interview, S2 

admitted that he knew what he meant but forgot when he was going to write down the 

correct formula, so the researcher provided scaffolding in the form of explaining by 

explaining the concepts that had been learned. 
   

 
Figure 9. The Result of S2 Work in Reviewing Answers 

 

Based on Figure 9, it can be seen that S2 has a concept construction error where 

students assume that the heights of the two upper and lower trapezoids are the same 

because in the written problem the two areas are the same. So that at this stage students 

experience a form of “mis-logical construction” error because students cannot reason about 

the questions given correctly. Knowing this, the researcher provides scaffolding explaining 

by re-explaining the concepts that have been studied. 

Not only that, then students make mistakes again in the next working step by 

equating the high symbol on the second trapezoid (b) with the height on the first trapezoid 

(a), students wrote 6(𝑎 + 𝑏)2 = (17 + 𝑦)𝑎 the height of the trapezoid should be changed 

to just b because it is assumed that the heights of the two trapezoids are different. This 

includes errors in the construction of the concept of mis-analogical construction because 

students equate one concept with another. Therefore, researchers provide scaffolding in 

the form of reviewing by asking students to observe the picture and compare it with the 

work result to find out where the error is. 
 

 
Figure 10. The Results of S2 Work in Re-checking the Answers 
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Based on Figure 10, S2 experienced a concept construction error when doing the 

cross product of two equations where the equations should be y2 - 25 - 144 = 0  but initially 

the students wrote it as 
−144

25−𝑦2 it is a serious error because students are wrong in constructing 

the concept of cross multiplication, this form of error is a mis-analogical construction and 

seeing this the researcher gives an explanation related to this in the form of explaining by 

conveying the concepts learned. Table 1 shows a summary of the results of interviews with 

subjects S1 and S2. 
 

Table 1. Results of Analysis Based on Interviews with S1 and S2 Subjects 

Problem Solving 

Stage 

First Subject (S1) Second Subject (S2) 

Concept 

Construction Error 

Scaffolding Concept 

Construction Error 

Scaffolding 

Understand the 

problem 

Pseudo Construction 

“Wrong” 

Explaining Pseudo Construction 

“Correct” 

Reviewing 

Planning the problem Pseudo Construction 

“Correct” 

Restructuring Construction Hole Explaining 

Solving the problem Mis-Logical 

Construction 

Explaining Mis-Logical 

Construction 

Explaining 

Construction Hole Explaining Mis-Analogical 

Construction 

Reviewing 

Review the work 

results 

Mis-Logical 

Construction 

Reviewing Mis-Analogical 

Construction 

Explaining 

  

Based on the results of the analysis above, it can be seen that for S1 and S2 

scaffolding that can be given is only up to level 2, namely explaining, reviewing, and 

restructuring. And level 1 is the developing environment which is done before students 

work on the questions. Based on the results of the study, the subject with the low ability 

(S1) has fulfilled 4 problem-solving indicators, but in the process of S1 often makes 

mistakes when entering the value of a variable so that it affects the final result. This 

happened because of an error in the completion strategy which resulted in logical thinking 

errors so that students experienced a form of mis-logical construction error. This is also in 

accordance with Subanji’s opinion which states that an indication of someone experiencing 

a logical thinking error is because the student has an error in formulating a problem solving 

strategy [9], [24], [25]. 

Meanwhile, subjects with moderate ability (S2) have fulfilled the four problem-

solving indicators properly and correctly and the final results obtained are also correct, but 

in the interview process there are still construction holes, “correct” pseudo construction, 

mis-analogical construction and mis-logical construction. . From this, each scaffolding 

given is also different according to the development of the student’s way of thinking. This 

is in accordance with Vygotsky’s opinion that every student has a Zone of Proximal 

Development (ZPD), which is the distance between the actual level of development 

determined by independent problem solving and the level of potential development 

determined by problem solving under adult guidance, or in collaboration with colleagues 

who are more capable [26][27]. Therefore, the scaffolding for each student must be 

different, because it should be given according to the needs and the development of each 

student's ability. This is in line with the results of previous researches which stated that 

[28], [29]. Scaffolding is a practice based on Vgyotsky’s concept of the ZPD which can be 

interpreted as the Nearest Development Area [14], [30].   
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4. CONCLUSION 

Based on the results of the study, it was found that the two subjects often experienced 

various conceptual construction errors in solving problems, although there were subjects 

who did not experience all forms of concept construction errors. Different forms of concept 

construction errors require different scaffolding, according to their level of development. 

ZPD is one of the benchmarks in providing scaffolding to each student because each 

student has a different ZPD. As for suggestions for further research, it is better to use more 

subjects and with broader lessons. The aim is to increase knowledge related to the 

provision of scaffolding.  
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