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1. INTRODUCTION

Develop students’ ability in problem-solving is one of the teacher’s roles (Keiler,
2018; Simamora, Saragih, & Hasratuddin, 2018). In problem-solving, the procedure of
mathematics problem solving is a cognitive process based on what had been known
(Ekawati, Kohar, Imah, Amin, & Fiangga, 2019; Samsonovich, Kitsantas, O’Brien, & De
Jong, 2015). In this case, students should use cognitive strategy to determine how they learn,
reprocess information, to use what had been learned. They must think to obtain a suitable
problem-solving strategy, so they could achieve the cognitive purpose, that is, to solve
problems (Evans & Swan, 2014; Novita, Widada, & Haji, 2018; Susanti, 2018).

Students in the activity of thinking to solve mathematical problems can occur the
possibility of answers obtained is true or false. Incorrect answers are not necessarily caused
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by thinking processes that are also wrong (Herna, Nusantara, Subanji, & Mulyati, 2016;
Subanji & Nusantara, 2016). This wrong answer does not mean that the subject (student)
cannot solve it. When students solve problems, they often give "false” answers relatively
quickly, spontaneously, and do not check or reflect the results of their work. This happens
because of the low ability to think reflective in solving problems, so their thought processes
tend to produce wrong answers (Choy, Yim, & Tan, 2017; Dering6l, 2019). This process of
thinking is still "raw" rather than the actual thought process so that the process of pseudo
thinking occurs (Herna et al., 2016).

The pseudo-thinking process is a thinking process in which students thought as if
they had solved a problem, but they just imitated what the teacher or someone else did
(Subanji & Nusantara, 2016; Vinner, 1997). The students did not understand what they just
did. They often provide answers spontaneously without any check or control on the thinking
process (Thanheiser, 2010; Vinner,1997).

Pseudo-thinking process has become interesting as students experienced it "unreal”,
just a pseudo-thinking. The pseudo-thinking process could be discovered in two forms i.e.,
(1) the answer is correct, but the student could not justify it. This is called as "true” pseudo
(Caglayan & Olive, 2010; Herna et al., 2016; Thanheiser, 2010) and (2) the answer is
incorrect, but the student actually could solve it well. This is called as "false™ pseudo
(Subanji, 2013; Vinner, 1997). Both pseudo-thinking processes could be fixed after being
reflected with or without scaffolding (Wibawa, Nusantara, Subanji, & Parta, 2018).

This pseudo-thinking process could still be fixed as it is not the real thinking process
as incapability. Furthermore, through the reflection process, the teacher should believe that
the students actually have the potentials to develop with assistance from teachers and or
more capable peers.

According to Vygotsky, each student had the Zone of Proximal Development (ZPD),
usually mentioned as a distance between actual development level and higher potential
development level. Vygotsky suggested that students could achieve maximal area if they
received enough assistance. If students learned without assistance, they would still be in the
actual area and could not develop to higher potential development level (Chairani, 2015).

Given that the pseudo thinking process is not a real thought process, it can still be
improved through the process of reflection. At the time of reflection, the teacher provides
scaffolding with the aim of improving students' thinking structures. The improvement of this
thinking structure is based on the belief that when students are in the Zone of Proximal
Development (ZPD), they have the potential to develop optimally.

Cognitive Structure is a basic mental process used by an individual to understand
information (Garner, 2007). Then it was also called a mental structure, or thinking pattern
(Kusumadewi, Kusmaryono, Jamallullail, & Saputro, 2019). A students thinking pattern
would develop based on the cognitive development stage (Mascolo, 2015). However, some
students met obstacles in cognitive development, so that it is the time for the student to get
assistance to face learning barriers. After the scaffolding was given, the student’s cognitive
structure became more developed and more complex. Scaffolding was learning assistance
provided by teachers to students who had barriers to learning. The learning would be more
effective if teachers helped students to develop cognitive structures that would equip them
for individual learning (Kusumadewi et al., 2019).

This research focuses on two objectives. The first objective is to analyze the role of
scaffolding in deconstructing pseudo-thinking structures. The second objective is to analyze
the development of students' thinking structures after receiving scaffolding.
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2. METHOD
2.1 Research Design

This research was conducted in qualitative methodology by involving case study
design. This research was conducted at State Junior High School 31 in Semarang City,
Indonesia. Setting of the study involved kind of naturalistic investigation because the
scaffolding was studied on natural situation without manipulating any variables (Kalu &
Bwalya, 2017).

2.2 Participants

This study involved 36 students in grade 8, a teacher, and a supervisor. The students
had attended mathematics learnings with a group investigation approach and attended
problem-solving test. Based on the test results, students whose scores did not reach the
specified criteria and had the most error answers, it is reasonable to suspect that these
students experienced a pseudo thinking process, then considered as data sources.
Researchers act as supervisors of learning in the classroom. Where as the instructor is a
senior teacher who has more than 10 years of teaching experience in school.

2.3 Instruments

The data collection method included tests, observation, and interviews. The
instruments used in this study were written test questions and a list of interview questions.
The interaction in scaffolding between students and teachers is observed by supervisors
during the mathematics learning process. The deep interview was conducted on students by
purposive snowball technique in order to collect complete information. An instrument of the
written test was a test of problem-solving as follows.

Problem: A water storage tank had 10 meters length, 5 meters in width, and 4 meters in
height. The tank is full of water and will be distributed to 40 houses. Each house
receives 500 liters of water every day. If the tank is empty, the company will refill
it again until it is full.

Question: How many times does the company should refill the water storage tank in one
month to fulfill the need of water for 40 houses?

2.4 Procedure

The subject of the study was focused on students who were in the lower group,
namely students who received low test scores or did not reach the minimum completeness
criteria of 70.0. The study was conducted by tracking the response of students' answers in
solving problems. Then so that students can correct their mistakes students are given the
opportunity to reflect with the help of scaffolding.

The author conducted this research by exploring the response of student answers in
solving problems. Then, in order to correct the mistakes, the students are given a chance to
do reflection with scaffolding assistance. Scaffolding is carried out through the steps: (1)
giving questions; (2) problems to solve for students; (3) asking students to express what they
knew; (4) giving a chance for students to review their work; (5) asking students to describe
the plan of problem-solving; (6) asking students to combine their ideas; (7) asking students
to share with others; (8) giving question and keywords to students; (9) if the students need
further information, teachers guide them to go back to step 4, dan restart until it is finished
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(Buli, Basizew, & Abdisa, 2017; San Martin, 2018; Van de Pol, VVolman, & Beishuizen,
2010).

2.5 Data Analysis, and Validation

This research is natural, researchers as data collection tools (human instruments).
The data is analyzed inductively and is a descriptive one. Data analysis was described as an
interactive cycle through stages of data collection, data reduction, data display, and drawing
conclusions (Miles & Huberman, 2016; Moleong, 2007). To ensure data validity, the authors
used the triangulation of theory and data source (Moleong, 2007).

3 RESULTS AND DISCUSSION
3.1 Results

After students complete formative tests at the end of learning, all student answers are
analyzed and presented in Table 1.

Table 1. Description of the test score statistics for each group

Test Score
Group Students —
Range Mean Std. Deviation
Top 10 95-100 98.5 2.415
Middle 17 70-90 74.4 11.023
Bottom 9 40 - 65 45.6 5.270
Total 36

Based on the data in Table 1, there were 9 students in the lower group whose test
scores did not reach the minimal completeness criteria of 70.0. So that the students' answers
were analyzed for errors, and the following results were obtained (see Table 2).

Table 2. Error analysis of student answers

Analysis of student answers

No. Subject
1 (S.01) incorrect concept
2 (S.05) incorrect concept
3 (S.17) incorrect concept
4 (S.18) incorrect concept
5 (5.20) incorrect concept
6 (S.22) incorrect concept
7 (S.06) incorrect analysis
8 (S.29) incorrect analysis
9 (5.31) incorrect analysis

The following is the result of students' answer response to represent 2 cases happened
i.e., the case of incorrect concept (S.01) and incorrect analysis (S.06). Student (S.01) was
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supposed to experience a "false™ pseudo-thinking process, and the student (S.06) was
supposed to experience a "true™ pseudo-thinking process.

Student’s answer response to mathematics problem that was tested in this research
was taken as a sample to discuss in Figure 1.
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Figure 1. Student answer (S.01) before reflection

Considering the student answer (S.01) in Figure 1, finally, it was found that the
company should refill the tank 10 times a month. The answers given by students are not
right. To find out the student's thought process when solving a problem, the researcher
conducted the interview as follows.

Researcher : Why did you write down 1 liter = 1 dm?3, and 1 m® = 1000 liter?

Subject (S.01) : I have been thinking that I would convert the volume of the cube in
liter measurement.

Researcher . Did you understand how to solve question number 1?

Subject (S.01) : [Ido, and I have some ideas to do.

Researcher . Was your answer saying that the company should refill the tank 10
times a month, correct?

Subject (S.01) : I can not explain, but | hope it is correct.

Researcher . The calculation you made had not finished yet. It still had to be

continued to the next step.
Subject (S.01) : Oh, I see. (the subject looked disappointed).
Researcher . Did you conduct a recheck?
Subject (S.01) : 1did not recheck it.
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Based on students' answers in the interview passage indicated that students
experience pseudo thinking processes. This pseudo thinking process occurs because the
answers are spontaneous, and students do not check their work in the form of reflection. The
structure of student thinking (S.01) in solving problems before reflection (see Figure 2).

Thinking scheme Code Information

a. Problems should be defined:
Amount of tank refill in a month.
b. Providing information of the known

data
c. Questioning : volume of water storage

tank

d. Converting cubic measurement into
liter

e. Calculating the need of water for 1
day

Water adequacy in the water stage
tank

g. Prediction of time the water will be
used up in 10 days

h. The work is done: The subject was
unsure of what had been done.

Va9
o<

Rf. Recheck of reflection should be
conducted

Rf?

Figure 2. The structure of student thinking (S.01) before reflection

Based on the student (S.01) thinking structure as displayed in Figure 2, it could be
said that the student was on a comparative thinking structure. It is basic to learn and as a
requirement for other more complex cognitive structures (Garner, 2007). Student
mathematical ability on this level was processing information by identifying how the data
were similar or different, including recognition, memorization, constant conservation,
classification, spatial orientation, temporal orientation, and metaphoric thinking. Thinking
structure on this stage could still be developed with scaffolding assistance from the teacher.
The scaffolding was given to the students to reflect on what had been done and direct their
initial knowledge to solve the problems they faced (Maharani & Subaniji, 2018).

The role of the teacher in learning as resource persons and facilitators who provide
assistance as needed (scaffolding) in order to facilitate the construction process of
knowledge that is built by students. At a certain level of cognition, teachers provide
scaffolding assistance by guiding them or providing key instructions, cues, guestions, and
justifications so that students will be easier to move or develop into higher thought processes.

To correct the mistakes, the students were given a chance to do a reflection. They re-
checked the steps of problem-solving. While students were having difficulties, the teacher
gave the scaffolding. The work of students after reflection with the help of scaffolding is
shown in Figure 3.
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Figure 3. Student answer (S.01) after reflection

To understand the student (S.01) thinking structure, consider the following
interview between the researcher and the student.

Researcher . Please check whether the result you obtained had answered the
question?

Subject (S.01) : | had rechecked and I found that my answer did not solve to the
problem questioned.

Researcher . Was there any mistake you did while working on it?

Subject (S.01) : 1did a mistake.

Researcher . In which part did you find the mistake?

Subject (S.01) : The answer should not be 10. | would recheck it.

To help the student, the scaffolding was implemented through words to track or
keywords. By the keywords, the student could find the solution.

Researcher . Please calculate the need for water in a month.

Subject (S.01) : The need for water in a month is 500 liters x 40 x 30 = 600.000
liters.

Researcher . Then, make an equation (relation) with the volume of the water
tank.

Subject (S.01) : The volume of the water tank as 200,000 liters will be used up in
10 days (1-time refill). So, in a month should be 600.000 liters
divided by 200.000 liters equals to 3 or (3 times refill).

Researcher . Have you found your answer?
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Subject (S.01) : The answer is 3 times a refill in a month.

Researcher : What conclusion did you obtain?

Subject (S.01) : The need for water for 40 houses in a month equals to 3 times of
water tank volume.

Researcher . Are you sure? How do you prove it?

Subject (S.01) : I’msure it’s correct.

Subject (S..01) : (Volume of water tank) x (amount of water refill) = need of water

in a month. Itwas (10 m x5 m x4 m) x 3 =40 x 500 liters x 30.
Obtained 600 m3 = 6.000 liter.

Based on the result of the student’s work and the interview, the following is the
thinking structure after reflection (see Figure 4).

Thinking scheme Code Information
Rf Rf. | Rechecking or reflection.
v a. | Problems should be found:
a Number of time to refill water in a
month
b. Displaying information of the data
known
c. Questioning : volume water storage
tank

d. Calculate volume of water tank

e. Converting cubic measurement into

liters

f. Calculating the need of water in
one day

g. Calculating the need of water in
one month

h. Forming an equation, the need of
water in a month equals to numbers
of water refill in the tank

j- Result of number of water refill in
a month

End | Done. No doubt.

Figure 4. The structure of student thinking (S.01) after reflection

The response of student answer (S.06) on mathematics questions tested in this
research was chosen as sample to discuss and present in Figure 5.
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Figure 5. Student answer (S.06) before reflection

Based on the result of the analysis on the student (S.06) response answer, it indicated
that the final result was correct. However, there were some solving steps missing that were
not written by the student (S.06). Furthermore, an interview was conducted to determine
how student's (S.06) thinking process was, as presented below.

Researcher : What is the conclusion (answer) of this problem?
Subject (S.06) . The company should fill the water tank 3 times a month.
Researcher . Are you sure about your answer?

Subject (S.06) . Probably.

Researcher . Did you re-check it?

Subject (S.06) .1 did not.

Researcher . Could you prove that your answer is correct?

Subject (S.06) . Sorry, | have no idea. | could not explain it.

The student's thinking structure (S.06) could be described in the following scheme
(see Figure 6).
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Thinking scheme Code Information
a. Problems should be defined:
a Amount of tank refill in a month.
b. Providing information of the
known data
C. Question: lots of water needed for
a month.
d. Calculate the volume of a water
‘ tank
e. Converting cubic measurement
into liter
a f. Calculating the need of water for 1
day
g. Adequacy of water in the tank
0 ° h. Prediction of time the water will
be used up in 10 days
j. The work is complete, but the
subject cannot prove the argument
° Rf. Re-examination or reflection is

required

Figure 6. The structure of student thinking (S.06) before reflection

After that, the student (S.06) got a chance to do reflection in order to correct the

answer with scaffolding assistance from teacher, through the following steps.

Calculate the need for water in a month!

Need of water = 40 x 500 liters x 30 = 600.000 liters
Volume of water tank =10 m x5 m x 4 m = 200 m3 =
Explain the correlation between the need for water and the

The need for water in a month should be equal to the volume

Researcher
Subject (S.06)
Researcher What is the volume of the water tank?
Subject (S.06)
200.000 liters.
Researcher
volume of the water tank!
Subject (S.06)
of water in the tank.
Researcher

Subject (S.06)

Create the equation for the correlation of both variables!
(Volume of the tank) x (Number of water refill) = Need of
water in a month.

(10mx5mx4m)xk=40x500x 30.
200.000 liters x k = 600.000 liters.
k = 600.000 : 200.000

k=3
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Researcher : What is your conclusion?

Subject (S.06) . The number of water refill into the tank is 3 times a month.
Researcher . Please re-check your answer!

Subject (S.06) : (Volume of the tank) x (Number of water refill) = Need of

water in a month.

(10 mx5mx4m)x3=40x500 liters x 30

600 m3 = 600.000 liters. Yes, the result is similar.
Researcher . Are you sure?

Subject (S.06) . Pretty sure.

The following is a student's (S.06) answer response after the reflection process with
scaffolding assistance as presented in Figure 7.
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V1 = 200006 ters F\\led with water 3-ttmeg
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Figure 7. Student answer (S.06) after reflection

After reflection with scaffolding, the student could find the solution and provide an
explanation for the answer obtained correctly. Through scaffolding, the student (S.06) could
fix the thinking structure as presented in Figure 8.
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Thinking scheme

Code

Information

Rf

\ 4

Rf.

Reflection

a.

Problems should be defined:
Amount of tank refill in a
month.

Displaying information of the
data known

Question: lots of water needed
for a month.

Calculate volume of water tank

Converting cubic measurement
into liters

Calculating the need of water in
one month

Forming an equation, the need
of water in a month equals to
numbers of water refill in the
tank

Resolve the equation

I n )____b End
Moo End.

Work completed: subject
confident of the results of the
solution

Figure 8. The structure of student thinking (S.06) after reflection

3.2 Discussion
3.2.1. Before scaffolding

Considering the result of analysis on students' answer responses (S.01 and S.06) and
interview toward the students on how they solved mathematics problems, it could be said
that the students experienced a pseudo-thinking process before the reflection process. The
student (S.01) experienced a "false” pseudo-thinking process, while the student (S.06)
experienced a "true" pseudo-thinking process.

Based on the interview, the student (S.01) was detected to have a "false™ pseudo-
thinking process. The student did not understand what he has done. The concept of problem-
solving was not complete yet. The solution obtained did not receive treatment of re-checking,
but it had been considered as a conclusion, so the answer was incorrect. Specifically, the
student (S.01) was said to experience the so-called “pseudo-conceptual” thinking process,
as the main process focused on the inappropriate concept, reasoning, correlation between
concepts, and implementation (Vinner, 1997).

The student's answer (S.06) in the interview was a manifestation of "true" pseudo-
thinking process behavior (Caglayan & Olive, 2010; Herna et al., 2016; Thanheiser, 2010).
Although the answer was correct, the student (S.06) was unsure and could not provide
explanation (proof) for the answer.

In addition, the student did not conduct reflection. According to experts, a "true"
pseudo-thinking process happens when the answer provided by a student is correct, but the
student (S.06) could not provide justification (Caglayan & Olive, 2010; Herna et al., 2016;
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Thanheiser, 2010). Specifically, the student (S.06) was said to experience the so-called
“pseudo-analytical” thinking process, as the main process is a problem-solving process
(Vinner, 1997).

Considering the student's thinking structure (S.01) before reflection (Figure 2), it
could be said that both of the students were on a comparative thinking structure. It is basic
to learn and as a requirement for other more complex cognitive structures. Student's
mathematical ability on this level is to process information by identifying how data is similar
or different. It includes recognition, memorization, constant conservation, classification,
spatial orientation, temporal orientation, and metaphorical thinking. On the other hand, a
student's thinking structure (S.06) before reflection (Figure 6) was on a symbolic
representation thinking structure. The symbolic representation structure changes information
into a coding system that could be accepted in general (culture) including verbal and non-
verbal language; mathematics; graphics (2-dimension figures, painting, logo); construction;
simulation and multimedia (Garner, 2007).

Both comparative and symbolic representation thinking structures could still be
developed to construct more complex mathematics knowledge structures with scaffolding
assistance from the teacher. The role of the teacher is to provide assistance (scaffolding) as
needed in order to ease the process of knowledge construction that is built by students
themselves (Hmelo-Silver, 2004; Darling-Hammond et al., 2019).

3.2.2. After scaffolding

Scaffolding describes processes to support students for (Puntambekar & Hubscher,
2005; Van de Pol et al., 2010). Scaffolding is given to students in order to reflect the learning
outcome and direct the initial knowledge in solving problems (Maharani & Subanji, 2018).
Learning would be more effective if the teacher helps students (to provide scaffolding) to
develop a cognitive structure for them to study independently (Kusumadewi et al., 2019).

After reflection with scaffolding assistance, the pseudo-thinking process never
happened anymore. Students' answers after reflection indicated that they succeeded to
correct mistakes and turn them into correct answers. It was in line with the interview result
in which the students could provide explanations or proof for the answer with proper reason.
The answers had been re-checked it’s solving steps, the students became sure with no doubt,
and the thinking process became true.

On certain cognition levels, teachers provide scaffolding assistance by providing
students guidance, key instruction, signs, questions, and corrections, so the students could
move or develop more easily into higher thinking processes (Van de Pol et al., 2010). After
having scaffolding, the students succeeded to do reflection and correct the previous mistakes.

Moreover, scaffolding had developed students' thinking structure (S.01 and S.06).
Before reflection, their thinking structure was on comparative and symbolic representation
structure. After the reflection, the thinking structure developed into a logical reasoning
structure (Figure 4 and Figure 8). On the logical reasoning structure, the students (S.01 and
S.06) had used an abstract thinking strategy to systematically process and produce
information. They could conduct analysis on problems, causal relation, and evaluation in
problem-solving (Garner, 2007).

The provision of scaffolding to students is based on Vygotsky's theory (the zone of
proximal development) has proven to be effective. That it can reach the level of potential
development that students can actually do like problem-solving abilities under adult
guidance or through collaboration with other more capable students.

According to Van de Pol et al. (2010), scaffolding could become a useful strategy to
help students move through different ZPD. The scaffolding involved support from teachers
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to students while working on a task that can’t be done alone (Van de Pol et al, 2010).
However, it was a different mental process, constructing a new mental structure to adjust
and model the model they have learned with an emphasis on the relationships among
thinking objects (Navaneedhan & Kamalanabhan, 2017).

The success of scaffolding in this research was because the teacher and students were
in the correct place. The teacher as a facilitator had applied steps of scaffolding correctly and
effectively. The teacher showed an attitude of appreciating student ideas and then directed
them to a decision or choice that they needed to develop based on the basic rule. The final
decision was brought back to the students to decide how they used the teachers’ suggestions
in redesigning their work. It leads to boost their confidence and activities to encourage them
to use reasoning, communicating, and connecting ability between knowledge and experience
they had before. Scaffolding concept could be used as an analytical tool to help students
obtaining much more understanding in learning.

4 CONCLUSION

In the scaffolding process, effective learning interactions have occurred between the
teacher and students, so the conclusions of this study are (1) scaffolding changes the pseudo
thinking process into a real thought process, and (2) scaffolding could help develop students'
thinking structures from simple ones to more complex (abstract) level. The development of
students’ thinking structures is at the stage of comparative thought structures before
scaffolding is given, and then developed into logical reasoning thinking structures after
receiving scaffolding. In other words, scaffolding can be a useful strategy to help students
move through different zona of proximal development (ZPD).
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