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Abstract.
Cognitive flexibility is an individual’s ability to think, and critical thinking skills in
the 21st century are needed by students. This study aims to obtain a substantive
theory (conjecture) that is associated with students’ critical thinking skills in solving
mathematical problems. This type of research is qualitative with Grounded Theory (GT)
systematic design procedures. Because the design of this research is GT, therefore,
the data analysis was carried out in three stages, namely: open coding, axial coding,
and selective coding with the help of NVivo 12 plus software. The participants involved
were 30 students. The research guideline was in the form of a critical thinking ability
test and semi-structured interview. In-depth interviews were conducted based on the
results of the ability to think critically until the data was saturated. Data saturation
occurred in the 5th interview. To test the reliability of critical thinking skills, categories
and subcategories were carried out by two coders with a Cohen kappa value of
0.65, so that the coding was made reliable. The results obtained were hypothetical:
if participants can think critically, then participants can solve problems, can provide
arguments, can interpret algebraic derivative application functions, and can develop
problem-solving strategies in critical thinking.
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1. INTRODUCTION

At this time, all students are important to master the concept of critical thinking skills, and
their characteristics and qualities are needed to become critical thinkers. The impor-
tance of learning critical thinking skills is not only at the level of formal education but
also for success in the contemporary world where the rate of creating new knowledge
is increasing [1]. In the context of learning in Indonesia, critical thinking is one of the
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learning objectives, especially in mathematics [2, 3]. Teaching and learning activities
should direct students to always develop critical thinking skills.

The ability to think critically is currently a challenge throughout the world [3], including
in Indonesia. The importance of critical thinking skills in a social context, especially in
solving daily problems and as a provision for facing the challenges of the 21st century
[4–8]. Today’s critical thinkers have been eroded by the issues of media opinion in
our lives. This is also seen in students, educators, and parents who are less critical in
receiving important information. So it is very important to have a “filter” process when
someone receives information, which is part of being a critical thinker.

Previous researchers have tried to define critical thinking skills. Concerning thought
processes, Dewey (1910) is seen as the father of the modern critical thinking tradition.
He defines critical thinking as a continuous, active (persistent) consideration of a belief
[9]. Critical thinking means sensible, reflective thinking that focuses on deciding what
to believe or do [7]. However, on the other hand, critical thinking includes: estimating,
evaluating, justifying, classifying, making hypotheses, analyzing, reasoning are elements
of critical thinking [10–12]. However, each researcher considers these aspects separately
and describes them independently. All these aspects can be integrated and considered
as the fundamental characteristics of a critical thinker.

Although there are several studies in the previous literature that have been investi-
gated on critical thinking skills [6, 13]. By using grounded theory, they only consider a few
components, so far no one has explored the application material of algebraic function
derivatives to obtain a substantive theory (conjecture) about students’ mathematical
critical thinking skills. Therefore, it is important to research students’ critical thinking
skills in the application material of derived algebraic functions.

2. RESEARCH METHOD

To answer the objectives of this research, a case study type qualitative research design
with a simple systematic procedure grounded theory design is required. The case study
design is used to explore causes of students ’critical thinking skills in the application
material of derivative algebraic functions involving 30 high school class XI students,
while the systematic procedural grounded theory design is used to build substantive
theories concerning the central phenomenon of students’ mathematical critical thinking
skills in the material. application of algebraic function derivatives with coding stages
including open coding, axial coding, and selective coding [18,19,20]. The test of critical
thinking skills that have been validated by experts is then continuedwith semi-structured
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interviews, to know students’ critical thinking skills until the data is saturated. The satu-
ration of the data occurred during the 5th interview. NVivo 12 plus software is used as a
tool for organizing and analyzing qualitative data. To avoid bias, 2 researchers outside
the project (MI, and SP) were separately asked to code categories and subcategories
obtained from data analysis for open coding, axial coding, and selective coding with a
Cohen’s kappa value ≥ 0.65, so coding which is made reliable.

3. RESULTS AND DISCUSSION

The purpose of this study is to obtain a substantive theory (conjecture) about students’
mathematical critical thinking skills, so the stages of the research process include; open
coding, axial coding, and selective coding.

3.1. Open Coding

In the open coding stage, it is carried out by providing a code from each student’s
answer related to ideas or notions in solving problems in the application of algebraic
function derivatives, both on the critical thinking ability test data, and on the interview
transcript data. The following shows three sample transcripts of the interview.

Question-1: In your opinion, what steps are needed to solve this problem? (Category-1:
Problem Solving).

Participant A1, said by knowing the concept of limit, and the definition of the derivative.
The value of 𝑓 ′(𝑥) at 𝑥 = 𝑥 represents the slope of the line tangent to the curve at
𝑥 = 𝑥, then analyzes the result of 𝑓 ′ (𝑥) for all values of x, with 𝑥 ≠ 0, and finds
out the concept where a squared number is always a value positive, and draw the right
conclusions.

Participant A2, said to use the concept of limit or the definition of a derivative to
find its first derivative because the slope of the tangent to a function is equal to its
first derivative. After using both methods, we get derived functions. If the derivative is
a quadratic equation, we can use the negative definite property, to prove it. Next, we
have to identify the derivative of the function f, then analyze the form of the function.
If we have succeeded in proving the negative definite nature of the first derivative, we
can answer point b, because for any value of x (except zero) the gradient will always be
negative, then the graph will always fall for the intervals of 𝑥 > 0 and 𝑥 < 0 does not
affect the monotony of the function.
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Participant A3, said to look for the first derivative of the function 𝑓 using the concept
of limit/definition of derivative, then continued by looking for the range 𝑓 ′, so that the
range 𝑓 ′ < 0, for 𝑥 ≠ 0. From range 𝑓 ′identify whether the value is negative or positive
so that the answer can be proven. Furthermore, it is necessary to note that the slope
value of the tangent to a curve is 𝑓 ′ < 0, so it is evident that the slope of the tangent is
always negative. From this answer, it is obtained that the value of m is connected to the
tangent and the rise and fall of the function. It is necessary to remember that the rise
and fall of a graph are seen based on the m value of the tangent. from the answer a,
we get 𝑓 ′(𝑥) = 𝑚 tangent < 0 for all real numbers x except 0. So, it can be concluded
that for 𝑥 > 0 and 𝑥 < 0, the graph of the function always decreases. interval test is
performed if still unsure.

Question -2: What is your reason, in answer a, that the slope of the tangent to the f
curve is always negative? (Category-2: Argument).

Participant A1, said the result obtained from the derivation of the function 𝑓 , 𝑓 ′(𝑥) is
(−2) / (𝑥 ∧ 2) which is the result of dividing a negative number by a positive number.
Therefore, for nonzero 𝑥, 𝑓 ′(𝑥) will be negative, and 𝑓 ′ (𝑥) itself is the slope of the
tangent to the curve 𝑓 .

Participant A2, from the form of the first derived function, can identify that the function
is a negative definite, because in the denominator, any value for x, squared, will result
in a value that is always positive.

Participants A3, please note that the slope value of the tangent to a curve = 𝑓 ′(𝑥).
from step 2, note that m tangent = 𝑓 ′(𝑥) < 0, so it is proven that the slope of the
tangent is always negative (< 0).

Question-3: from answer a, what is your conclusion about the increasing or decreas-
ing of the graph of the function 𝑓 when 𝑥 > 0 or 𝑥 < 0? (Category-3: Interpretation of
descendants).

Participants A1, we have seen that 𝑓 ′(𝑥) or the slope of the tangent is always negative.
When drawn, the slopes of each tangent will point towards the lower right, at each x in
the function 𝑓 . This illustrates that the function f (x) always drops for x> 0 or x <0.

Participant A2, for any value of 𝑥 (except zero) the gradient will always be negative,
so the graph will always go down. The intervals 𝑥 > 0 and 𝑥 < 0 do not affect the
monotony of the function.

Participant A3, for both 𝑥 > 0 and 𝑥 < 0, the graph of the function always goes
down.
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Question -4: in your opinion, how many ways (strategies) are there to answer the
questions above? (Category-4: Strategy development).

Participant A1, said the choice of strategies to reduce the function. By using the
derivative formula, the reduction of the function will be much faster when compared
to using the limit concept. Then, choosing a strategy to conclude the results of 𝑓 ′(𝑥)
For people who do not know the concept that a square is always positive, it may be
necessary to use the multipoint test and then draw conclusions from several samples
that have been given.

Participant A2, to determine the first derivative, can use the concept of limit or the
definition of the child. After that, proof can use form function analysis to determine the
negative definite properties.

Participants A3, there are 2 ways to think about it. the first corresponds to the steps
outlined above. The second way is to use the graphic method. So, the graph of the
function is displayed, then tangents are drawn (tangents drawn at the point of contact
with the components 𝑥 < 0 and 𝑥 > 0). If this is done, you will see that the tangents
are all descending. This means that the slope of the tangent (𝑓 ′(𝑥)) is negative and
the function is down for both 𝑥 < 0 and 𝑥 > 0

From the extraction of the answers of the participants above, whose data comes from
an emic perspective (participant), and an ethical perspective (researcher), as well as an
interpretation of the relationship between the two, then analyzed using Nvivo 12 Plus,
an open coding diagram is obtained as follows:

Figure 1: Diagram of the open coding process

After doing constant comparisons, several sub-categories are similar in reduction, so
an open coding diagram is obtained as shown in Figure 1. The open coding diagram
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above shows that four categories build students’ critical thinking skills in mastering the
application material of derivative functions which include, problem-solving, arguments,
derivative interpretation, and strategy development. The next stage is the axial coding
process.

3.2. Axial coding

In the next step, grounded theory researchers select one category and place it as a cen-
tral phenomenon that is being studied, in this case, the students’ critical thinking skills
in the application material derived from functions. and then relating other categories to
it (causal conditions), as shown in Figure 2 below.

Figure 2: Diagram of the axial coding process.

From Figure 2 above, seen from left to right, six category boxes influence each other
in this study. In causal conditions, four categories are found (problem-solving, argu-
ments, derivative interpretations, and development strategies that will affect the central
phenomenon (students ’critical thinking abilities). Students’ critical thinking abilities are
influenced by two factors, namely 1). the context that includes: teacher skills, challenging
questions, supported by student abilities. 2) the intervening condition is influenced
by motivation, disciplined learning, the teacher’s ability to communicate, mathematical
resilience, and mathematical disposition, which will give birth to a diagram of students’
critical strategies in solving problems of application of derivative algebraic functions (see
Figure 2). In the end, the consequences obtained by participants can solve problems,
be able to argue, be able to interpret derivatives, and be able to develop settlement
strategies. The next step is selective coding (building hypothetical conclusions).
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3.3. Selective coding

In this phase, the researcher writes a substance theory that is interrelated between the
categories in the axial coding model and traces personal memos about the participants’
ideas to build hypothetical conclusions in this study as shown in Figure 3 below.

Figure 3: Diagram of the selective coding.

Based on the explanation above, a hypothetical conclusion was obtained about stu-
dents’ critical thinking skills in the application material of algebraic function derivatives
as follows:

If the participant can think critically, then the participant can solve problems, be able
to provide arguments, be able to interpret problem-solving skills, in the application
material derived from algebraic functions, and in the end, the participant can develop
strategies in critical thinking.

Based on the findings in Fig. 3 above, the problem-solving process is part of the
critical thinking process. This is in line with relevant theories and research conducted
by [10, 16–18]. Students who have critical thinking skills must be able to argue [19, 20],
where the argument is the most important characteristic of a critical thinker, and in the
end, a critical thinker can consider the most effective problem-solving strategies

4. CONCLUSION

Findings of this study are expected to help education practitioners in optimizing their
critical thinking skills. The foundation in critical thinking skills is problem-solving, and
arguments are a special character of a critical thinker, who can produce strategies that
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are considered the most appropriate in solving problems. This research is limited to the
application material of algebraic function derivatives, for further researchers can test
the conjectures found by conducting quantitative research, both for elementary school
students and college students.
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