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Abstract. This study was intended to describe the students' false-pseudo-thinking process in
solving a mathematical logic problem. The problem presented was the true value of a
compound statement without using the truth table. The subjects consisting of male and female
students. Data collection used the think aloud method. The results indicated that (1) in
understanding problem: male subjects were able to understand some components of the
problem, women could understand each element of the problem; (2) in planning problem-
solving: male subject unaware of the initial concepts needed to solve problem, while female
subject aware of it; (3) in implementing the plan: both male and female subjects used
incomplete knowledge structures to solve problem; and (4) both subjects did not re-check the
answers found. The thinking structure of false-pseudo in solving mathematical logic problem
occurred because 1) the lack of initial knowledge that will be used to plan problem-solving, 2)
superficial similarities: the habit of completing the previous practice makes the subject consider
the many similarities in the problem-solving process, and there is no reflection on the answers
given.

1. Introduction

Mathematics is the study of patterns and rules [1]. In order to be able to understand, students are
required to develop the thinking ability through learning activities [2]. Ruggiero said the thinking
process is a mental activity that is used to formulate or solve problems, make decisions and get
understanding [3]. Meanwhile, Subanji said that thinking is a mental activity that occurs in the brain in
order to remember, understand to find or make a way, analyze, synthesize problems and solve them
[4]. This shows that students will have the ability to understand, analyze, and be able to solve
mathematics problems when their thinking potential is trained and developed.

In solving mathematics problems, students often experience difficulties and produce wrong
answers. This often happens because the solution to the problem is not immediately known by using
routine procedures [5-9], and also the mathematics learning that is monotonous and procedural, such
as the teacher explaining the material, giving examples, assigning students to practice the problem,
then discussing the problem-solving which is then copied by the students. An essential aspect of
learning, namely the process of students thinking is not the main focus. The impact of this condition
resulted in many students who could not understand the concept of mathematics well [10-12].

Other conditions, students also often apply procedures that are wrong in solving problems, they
consider the problems are same, even though the context is different, so the answers obtained are
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wrong [13]. According to Vinner, most students assume that he has done the thinking process in
problem-solving, even though students only imitate what is done by the teacher. This situation is
called pseudo-thinking, a situation where students do not really use their minds to solve a problem
[14]. The results of a problem-solving process are not the output of actual mental activity [4]. Based on
the understanding of procedures used by students in answering questions and relatedness to other
concepts, pseudo-thinking is divided into two, namely: analytic pseudo-thinking and pseudo
conceptual thinking. Analytic pseudo-thinking is a mental activity that occurs in the brain that is not
based on controls on the chosen procedures and used procedures. Conceptual pseudo-thinking is a
mental activity that occurs in the brain that does not think about the meaning of a concept used and its
relationship to other concepts. Based on the answers given by students and the clarification process
used, pseudo-thinking is divided into two, namely: false-pseudo-thinking and true-pseudo-thinking.
False-pseudo-thinking is a mental activity that occurs in the brain in giving wrong answers but can
correct errors after self-reflection. True-pseudo is a mental activity that occurs in the brain in giving
the correct answer but cannot give or occur errors in justifying the answers given [15].

According to Subanji and Nusantara, pseudo-thinking has an impact that there are errors made by
students in working on mathematical problems. This matter really needs attention, because these
mistakes will greatly affect their understanding of mathematics concepts [16]. To reduce the impact of
errors in building the next concept, it is important to search for sources and causes of errors. These
sources can be found through the formation of student thought schemes called the concept construction
process of students [17]. Through this research, it will be revealed the source of the formation of
students' thinking errors in solving problems. The results of this study will be useful to improve the
structure of students' thinking, thus helping them to understand the correct mathematical concepts.

2. Method

This study was intended to describe the students' false-pseudo-thinking process in solving a
mathematical logic problem. The logic problem was to indicate whether a compound statement is a
tautology or not without using the truth table. This research was classified as qualitative research.
According to Bogdan dan Taylor, qualitative methods are research procedures that produce descriptive
data from research subjects related to observed behavior [18]. The research subjects were students in
the odd semester of 2018/2019 academic year who had studied the logic material, especially the topic
of compound statements and the truth tables. The research subjects were selected based on purposive
sampling, which was taken by considering their communication ability so that the disclosure of the
thinking process could be done well. Researchers took two samples as subjects based on gender.

The instrument of this research was the researcher that guided by the task sheet instrument to solve
the problem of mathematical logic. In this case, researchers are planners, data collectors, analysts, data
interpreters, and research conclusion makers. The task sheet instruments used in this study is shown in
Figure 1.

Show whether the following statement is tautology or not without using the truth table!
Write the answer that you think is the shortest!

x=y)=(z=x)=0z=Y)

Figure 1. The task sheet instruments

The problems raised as follows [19]. (1) The question faced subject must be understood. The
concept needed to solve the problem is the concept of the truth table of implication. (2) The question
given must be a challenge for the subject to answer it. The challenge of the problem is the subject must
be able to determine the truth value of one single statement at the beginning so that the resulting step
becomes shorter. (3) The question requires the subject to answer using the nonroutine procedure, that
is without using the truth table. Subjects required using Polya's steps in solving the problem of
mathematical logic material [20]. Polya's steps are an understanding problem, planning the steps in
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solving the problems, implementing the strategies to solve the problems, and doing verification (see in

Figure 2).
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Figure 2. Thinking Structure in Solving Mathematical Logic Problem

Table 1. Encoding and Explanation of Thinking Structure in Completing Mathematical Logic Problem

Code

Explanation

Z
ai

a2

B

C1

C2

C3

Ca

d,

ds

ds

Being able to understand the main problem, that is mathematical logic
Being able to understand what is known from the problem: a compound statement in the

form of implications, the antecedents is (x = y), the consequence is (Z = X):> (Z = y)

Being able to understand what is asked from the problem: whether a compound statement
is a tautology or not without using the truth table

Being able to make a plan: using two possibilities from the concept of true value in
implication briefly, what is the implications are true if the value of antecedents is false
without regard to the consequent truth value or if consequents are true regardless of the
truth value of the antecedents.

Being able to implement the plan, by assuming z is false so (Z = X) is true and (Z = y) is

true. So that (Z = X):> (Z = y)is true. As consequence is true, then the implications of
compound statements are true.
Being able to implement the plan, by assuming z is true and v is true, then (Z = y) is true,

so that (2= Xx)=>(z=y) is true. As consequence is true, then the implications of

compound statements are true.
Being able to implement the plan, by assuming z is true, y is false, and x is false, then

(Z = X) is false, so that (Z = X):> (Z = y)is true. As consequence is true, then the

implications of compound statements are true.
Being able to implement the plan, by assuming z is true, y is false, and x is true, then

(X = y)is false. As antecedents are false, then the implications of compound statements

are true.
Conclusion: the compound statements is a tautology

Checking answer, by assuming y is true, then (Z = y)is true, so that (z = x):> (z = y)is
true. As consequence is true, then the implications of compound statements are true.
Checking answer, by assuming y is false and z is false, so that (Z = X):> (Z = y)is true.

As consequence is true, then the implications of compound statements are true.
Checking answer, by assuming y is false, z is true, and x is false, so that

(z= x)=(z=y) is true. As consequence is true, then the implications of compound
statements are true.

Checking answer, by assuming vy is false, z is true, and x is true, so that (x = y) is false. As
antecedents are false, then the implications of compound statements are true.
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Table 1 is the description of Figure 2. Based on the three reasons stated in Table 1, the researcher
believes that the task sheet given to the subject is a problem-solving type. The task sheet instrument
was validated by a senior lecturer in the field of mathematics education. Validation is directed to the
problem-solving process and the suitability of the language used. Data collected by giving the problem
to the subject. In the problem-solving process, the subject is asked to convey verbally what is thought.
In this case, the method used is thought aloud. Interviews conducted are only used to clarify the
thinking process delivered by students. The data analysis process is carried out by 1) reduce data,
which means to summarize, choose the main things from the results of the interview, and focus on
important things that show the existence of a pseudo-thinking process; 2) presenting data, which
means describing the cognitive structure of the subject's thinking based on problem-solving activities;
3) draw conclusions, which means giving an explanation of the meaning of the data that has been
presented [21].

3. Result
3. 1. Description of The Pseudo-thinking Process in Male Subject (S1)

In the thinking process, it appeared that S1 has understood some of the known variable from the
problem. This is indicated by the statement from S1 shown in Figure 3.

S1: This problem is about logic ... about tautology, compound statements. ...
This question is asked to show whether a compound statement is
tautology or not without using the truth table.

Figure 3. S1’s statement of some known variables

The first time S1 faced a problem, S1 could understand that what is known from the problem is a
compound statement. Even though S1 did not say that compound statement was an implication, S1
understood that what is asked of the problem is to show the compound statement is a tautology or not
without using the truth table.

Furthermore, in planning problem-solving, S1 did not realize that the initial concept needed to
show whether the compound statement is a tautology or not are two possibilities of the concept of
implication in true value (see in Figure 4).

S1: The implication is false if antecedent is true and consequent is false. The
implication is true if the antecedent is true and the consequent is true, or the
antecedent is false and the consequent is true, or the antecedent is false and the
consequent is false.

Figure 4. S1’s statement of the concept of implication

Based on the statement said by the S1, S1 only repeated the statement from the truth table. S1 has
not carried out an analysis of the implication concept of true value, that implication will be true value
if the antecedent is false or consequent is true. This concept is urgently needed to determine which
single statement will be chosen to show whether the compound statement is tautology briefly. On the
other side, the implication concept of false value was needed if, through the implications concept of
true value, the compound statement cannot be shown the truth value.

S1 started to implement the planning by writing down the truth value of one of a single statement.

The first step, S1 supposed z is true and x is false, so that (Z = X) is false. Then, suppose y is false, so
that (Z = y) is false. It can be concluded that the implication of the compound statement is true. The
second step, S1 supposed X is true and y is true, so that (X = y) is true. Then, supposed z is false, so

that the implication of the compound statement is true. The completion produced by S1 is presented in
Figure 5.
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Figure 5. S1° answer

The problem-solving steps that have been written by S1 are incomplete (see in Figure 5). Showing
what is a compound statement is a tautology, not only seen from the two examples written. There are
still six other possibilities, which can be shortened to four steps through the implications concept of
true value. In addition, S1 is not consistent in writing his single statement. In addition, S1 was not
consistent in supposing the truth value of a single statement. First, S1 supposed that the value of z is
true, but S1 did not assume how if the value of z is false. To get a short answer, if S1 started by
assuming z is false, then it can quickly be shown that the implication of the compound statement is
true. However, S1 did not aware that S1 written incomplete problem-solving steps. This can be seen in
Figure 6.

R : Does this answer enough to show that compound statement is tautology?
S1 :Yes.

R : Do you think there is a lack of steps?

S1 : No. It is enough.

Figure 6. S1’s statement of compound statement

After solving the problem based on the plan made, S1 did not re-check the answers found. S1 is in
the pseudo-thinking process because in solving problems do not control what is thought [12, 20].
Because there are some errors on the assumptions given, so the answers got is wrong. It is possible, S1
has not used the thinking process optimally because the concepts stored in memory are not well
connected.

Based on these incorrect answers, the researcher gave the intervention to S1 to use the implication
concept of true value. However, S1 is still cannot understand the intent of the researcher. So when the
researcher gave intervention again by mentioning two possibilities of the implication concept of true
value, S1 started to realize that the steps are written are incomplete. S1 was in the pseudo-thinking
process because, after the reflection, S1 started to realize its mistakes in solving the problem [15]. An
intervention that researchers gave to S1 was seen in Figure 7. While Table 2 is the description of
Figure 8.
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R : State the terms so that the implication is true!

S1 : The implication is true if the antecedent is true and the consequent is true, or the
antecedent is false and the consequent is true, or the antecedent is false and the
consequent is false.

R : Yes, based on this it can be concluded that two possibilities of the true value of
implication. First, if the antecedent is false, regardless of consequent, then?

S1 : Then the implication is true.

R . Next?

S1 : If the antecedent is true, there are two possibilities.

R : Yes. If the consequence is true, then?

S1 : Then ... Implication is true.

R : Well, let z is false.

S1 : If zis false, then (Z = X) is true, (Z = y) is true, so that implication is true.

R : What a statement that has been assumed?

S1 : Onlyz.

R : How about your answer?

S1 : I'was assuming all of the truth value of the statement.

R : So..trytoletif zis true!

S1 : Ishould assume the truth value of x dan'y.

R : Okay, what do you think about your answer?

S1 : This should be checked one by one.

R : Isthere lack of steps?

S1 : Yes.

Figure 7. S1’s statement of some known variable from the problem

OO O®
@j@ﬁ@%e@

Figure 8. S1 Thinking Structure in Solving Mathematical Logic Problem
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Table 2. Encoding and Explanation of S1 Thinking Structure in Completing Mathematical Logic

Problem
Code Explanation

z Being able to understand the main problem, that is mathematical logic.

a1 Being able to understand what is known from the problem: a compound statement.

az Being able to understand what is asked from the problem: whether a compound statement
is a tautology or not without using the truth table.

b1 Being able to make a plan: stating the four possibilities from the concept of true or false
value in implication.

b, Not being able to make the other plan: stating two possibilities from the concept of true

value in implication briefly.
Pseudo 1: did not analyze the truth table of implication.

C1 Being able to implement the plan: determining the truth value of implication by assuming
the truth value of z, x, and y.

C2 Being able to implement the plan: determining the truth value of implication by assuming
the truth value of x, y, and z.

C3 Not being able to make other probabilities of implication which true value.
Pseudo 2: incomplete in showing that implication of the compound statement is a
tautology.

Cs Did not make an assumption for z is false, after making an assumption for z is true.
Pseudo 3: inconsistent in making an assumption.

d Did not check the answers that have been written.

Pseudo 4: no controlling/reflection.

3. 2. Description of The Pseudo-thinking Process in Female Subject (S2)
In the thinking process, it appeared that S2 has understood all of known from the problem. S2’s
statement of known variables is shown in Figure 9.

S2: The keyword is implication ... this is antecedent (S2 appoint x = y), and this is

consequent (S2 appoint (z = x): (z = y)). ... This question is asked to show
whether a compound statement is tautology or not without using the truth table.

Figure 9. S2’s statement about known variable

S2 could understand that what is known from the problem are a compound statement and its
implication. S2 knew which one antecedent and which one consequent. S2 understood that what is
asked of the problem is to show the compound statement is a tautology or not without using the truth
table.

Furthermore, in planning problem-solving, S2 aware that the initial concept needed to show the
compound statement is a tautology or not are two possibilities of the implication concept of true value.
S2’s statement about the concept of implication is shown in Figure 10.

S2: The implications are true if the value of antecedents are false without regard to the
consequent truth value or if consequents are true regardless of the truth value of
the antecedents.

Figure 10. S2’s statement about the concept of implication

Based on the statement said by the S2, S2 has carried out an analysis of the implication concept of true
value, that implication will be true value if the antecedent is false or consequent is true. This concept is
urgently needed to determine which single statement will be chosen to show whether the compound
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statement is tautology briefly. However, when researchers asked which single statement would be
chosen, S2 said the weak reason. S2’s statement of a single statement is shown in Figure 11.

R : Which single statement would be assumed its truth value?
S2 : If we want to show it quickly, we should assume the false value first.

Figure 11. S2’s statement about the concept of a single statement

The initial process in problem-solving carried out by the S2 shows that S2 is experiencing a
pseudo-thinking process. This is due to the reason given by S2 that "if we want to show it quickly, we
should assume the false value first" is influenced by the habit of solving a tautology problem that is by
assuming one of single statement is false. In fact, the subject can assume one of a single statement with
true value. This depends on the single statement that will be taken, if as an antecedent. it is assumed to
be false value, it is consequent, it is assumed to be a true value. According to Subanji, S2 used
superficial similarities [4]. S2’s statement of a single statement is shown in Figure 12.

S2 : So, if x is false, whatever the truth value of y means the antecedent is true. If X is
false and z is true, then (z = x) is false. If z is true and y is true, then (z = y)is

true, means the consequent is true. Antecedent is true and consequent is true,
then the implication is true. It means tautology.

R :Can it be concluded that tautology?

S2 : Not yet, we have to test for x is true. If x is true, y is false, z is false, then the
implication is true. Because for x is false, the implication is true, and for x is
true, the implication is also true. It means the compound statement is tautology.

Figure 12. S2’s statement about the concept of tautology
S2 started to solve the problem by writing down the truth value of one of a single statement. The
first step, S2 supposed x is false, so x = y is true. Then S2 supposed z is true, then (z = x) is false

and supposed vV is true so that (z = y)is true. It could be concluded that the implication of the

compound statement is true. The second step, S2 supposed X is true, y is false, and z is false so that the
implication of the compound statement is true. The solution produced by S2 is presented in Figure 13.

Jua X=%, Y-=% .2 -8 Mwa (x39)> ((25x)> 2z »y)
bermy  benac-

Jka x =B ,4Y=c,2 =S Waka (x2Y)> ((29x)> 2>9)
Conmied  benay- :

Scowgan. £XS5Y) » ((22x) > (2 59)) adSeh Tawlogqr

Figure 13. S2’ Answer

The solution steps that have been written by S2 are incomplete (see in Figure 13). S2 has not
supposed that x is false and y is false. In addition, in the second step, S2 also supposed X is true, y is
false, and z is false. If S2 has supposed z is false, it is not necessary to suppose another single
statement. Without supposing the truth values of x and y, and only by assuming z is false, the
implication of the compound statement is true.

After writing down the problem-solving steps, S2 did not re-check the answers found. This can be
seen in Figure 14.
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R :lIsthis like enough?

S2 :Yes.

R : Are there other possibilities?
S2 : Nothing, Mom.

Figure 14. S2’s statement about the concept of similarities of the statement

S2 was in the pseudo-thinking process because in solving problem did not control what is being
thought [22]. When the researchers asked questions, S2 answered with inappropriate reasons (see in
Figure 14). This was because the concepts stored in S2 memory are not well connected, so the answers
got were still wrong. Researchers asked to S2, the conversation can be seen in Figure 15. While Table
3 is the description of Figure 16.

R :Iftaken x is false, y is true, and z is false, already in your answer sheet?

S2 :Not yet.

R :lsitneeded?

S2 : No. Because whatever the truth value, z is true or z is false, the implication is
certainly true.

Figure 15. S2’s statement about the concept of implication

CLOFNG
@j@ﬂ@»@

Figure 16. S2 Thinking Structure in Solving Mathematical Logic Problem
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Table 3. Encoding and Explanation of S2 Thinking Structure in Completing Mathematical Logic

Problem
Code Explanation

z Being able to understand the main problem, that is mathematical logic.

a1 Being able to understand what is known from the problem: a compound statement and its
implication, which one antecedent and which one consequent.

az Being able to understand what is asked from the problem: whether a compound statement
is a tautology or not without using the truth table.

b Being able to make a plan: stating two possibilities from the concept of true value in
implication briefly

C1 Being able to implement the plan: determining the truth value of implication by assuming

one of a single statement that true value.
Pseudo 1: assume that in order to show tautology, it should presuppose that a single
statement is false

C2 Being able to implement the plan: determining the truth value of implication by assuming x
is false, y is true, and z is true
C3 Not being able to make other probabilities of implication which true value.
Pseudo 2: incomplete in showing that implication of the compound statement is a tautology
Cs Being able to implement the plan: determining the truth value of implication by assuming x

is true, y is false, and z is false.
Pseudo 3: presupposing the other single statement even though had been presupposing z is
false
d Did not check the answers that have been written.
Pseudo 4: no controlling/reflection.

4. Discussion

Based on the results of the research described, the thinking structure of false-pseudo in solving
mathematical logic problem occurred because: (1) the lack of initial knowledge that will be used to
plan problem-solving, (2) superficial similarities: the habit of completing the previous practice makes
the subject consider the many similarities in the problem-solving process, and (3) there is no reflection
on the answers given.

This becomes additional evidence of other research that the thinking structure of false-pseudo of
student in solving the problem of inequality is because (1) begins with students' errors in making
assumptions when understanding the problem, (2) incompleteness of the students' thinking structure
when understanding the problem, and (3) incompleteness of students' thinking substructure in planning
ways of completion [23]. Subanji also conducts research, the results show that the pseudo-thinking
process of covariational reasoning occurs from incomplete assimilation process, incomplete
accommodation process, or both. They are 3 components of the occurrence of the pseudo covariational
reasoning thinking process: (1) the existence of imperative thinking structure used in generalizing the
solution, (2) the reflection process is not maximized, (3) the existence of the awareness up to the
straightening the wrong solution process out [17, 24].

Furthermore, several facts related to students and teachers who were in problem-solving situations,
namely (1) students often did not control when solving a problem, (2) students only thought to give the
right answer, and (3) students know what can be given to the teacher and how to get it only for teacher
satisfaction, and (4) the teacher only expects learning to get the right answer [14]. This causes students
to experience pseudo-thinking. Students do not really control what they have done. The biggest
motivation is only to give the right answer to the teacher, not to be an important thing for himself as a
process of constructing knowledge through right reasoning [15]. On the other hand, students' mistakes
in constructing mathematical concepts so that the pseudo-thinking process occurs because students
only memorize the material, spontaneously answer the question or rush in understanding things and
focus on remembering the procedure [25].
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5. Conclusion

The results indicated that (1) in understanding problem: male subjects were able to understand some
components of the problem, women could understand each element of the problem; (2) in planning
problem-solving: male subject unaware of the initial concepts needed to solve problem, while female
subject aware of it; (3) in implementing the plan: both male and female subjects used incomplete
knowledge structures to solve problem; and (4) both subjects did not re-check the answers found.
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