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This study aimed to determine students’ metacognitive failure in Mathematics Education Program of
FKIP in Jambi University investigated based on assimilation and accommodation Mathematical
framework. There were 35 students, five students did not answer the question, three students
completed the questions correctly and 27 students tried to solve problems but unfortunately made the
same mistake. Out of 27 students involved in the study, two students were taken as the research
subjects. The research was a qualitative research; while the research instruments is the test items on
proving the mathematical equations. The research data was the result of the students’ works and
transcripts of interviews about the activities of metacognition of the problem solving. The benefits of
the research could be used as a material consideration and metacognitive information regarding the
failure of students in mathematical proofs. The results were obtained from the data from two research
subjects, namely student one (S1) and student two (S2). The S1 used assimilation process as much as 7
times and the accommodation process as much as 4 times with failure metacognitive, such as
metacognitive blindness, mirage metacognitive, and metacognitive vandalism. The S2 used a process
of assimilation as much as 12 times and accommodation process as much as 6 times with the
metacognitive failure only the metacognitive vandalism.

Key words: Metacognition failure, the framework of assimilation and accommodation, mathematical proofs.

INTRODUCTION

Proving was an activity that could not be separated from proving was taught to learners when they were dealing
mathematics. This was because the structure of the with a problem that was not commonly encountered in
mathematical form was the theorems which must be problems solving task (Zaslavsky et al., 2012).

substantiated or proved related to its truth. Mathematical According to Hernadi (2013), the proofs in mathematics
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include: What the evidence was (what was the proof), the
reason we prove (why do we prove), what do we need to
prove (what do we proof) and the mechanism to prove
(how do we prove). Further Hernadi explained that there
were at least six motivational importance to prove,
namely: To prove a fact with certainty (to establish a fact
with certainty), to gain an understanding, to communicate
the ideas with others, to challenge, to be creative to
create something beautiful, to construct a mathematical
theory that was much broader.

Proving and reasoning had an important role in the
learning of mathematics (Verghese, 2009). The
statement was coherence with NCTM (2000) that stated
that the proving and reasoning become one of the
standard processes in the school of mathematics.
Process standard contains several indicators, among
others, so that the students could develop ideas and
explore a phenomenon. There was a relationship
between the proving and problem solving. According to
Savic (2015) there was an overlap between the proving
and problem solving, while Downs et al. (2013)
suggested that the problem solving aspects were within
the proving. The test item for proving could also be seen
as an item for problem solving. This was in accordance
with the opinion of Weber (2001) who argued that the
proving could be seen as a process of problem solving.

Problem-solving activities were closely related to the
metacognitive  activity called metacognition. The
metacognitive function which was to encourage or trigger
the problem solver to switch to the various problem-
solving stages used in understanding a problem, planning
the completion strategy, making decisions about what to
do, and make the decision about it.

Metacognition was thinking to think (Schoenfeld, 1992;
Toit and Kotz, 2009; Flavel, 1979; Brown, 1978; Garofalo
and Lester, 1985). Metacognition components consist of
metacognitive knowledge and metacognitive regulation
(Brown et al., 1978; Veenam et al., 2006; Scott and
Leviy, 2013).

There were three functions of metacognition, namely
(1) metacognitive awareness relating to individual
awareness of where they were in the learning process,
(2) metacognitive regulation which occurs when
individuals modify their thinking (3) metacognitive
evaluation refers to the individual could make a decision
on the effectiveness of thinking and the strategy chosen
(Wilson and Clarke, 2004; Magiera and Zawojewsky,
2011).

Based on the opinion of Magiera and Zawojewski
(2011), the indicators of metacognition activity could be
structured as follows: (1) An indicator of metacognitive
awareness include: (a). Consciousness in the process of
thinking about what was already known; (b) Awareness in
the thought process of trying to remember had to solve
the problem like that before; (c) Awareness in the thought
process to remember what had been done by past could
help the problem solving at the time; (d) Awareness in the

Prove:
n(n+1)(2n+1)

124224324+ .+ n%= .

Figure 1. Proving of the test item.

thought process to find out what had been done, and (e)
Awareness in the thought process to determine the type
of problem; (2) Indicators of metacognitive regulation
include: (a) Setting the thought process to make the
settlement plan; (b) Setting the thought process to create
a different way to solve the problem; (c) Setting process
of thinking about what to do next, and (d) Adjustment of
the process was thought to change the way work; (3) An
indicator of metacognitive evaluation include: (a)
Evaluate the process of thinking about how to do it; (b)
Evaluate whether the thought process had done what
was planned; (c) Evaluating whether the thought process
of thinking was correct; (d) Evaluate the process of
thinking to be able to do.

Metacognitive process was intended to make people
keep thinking on the right track. Some researchers had
suggested that metacognitive process could improve the
results of solving the problem (Artz and Amour-Thomas,
1992; Goos and Galbaraith, 1996).

The problems encountered among the under-graduate
students of Mathematics Education department were that
they could not produce the valid proof of a statement.
The researcher of the recent study gives a test item of
proving to the 5th semester of under-graduate students of
Jambi University in Mathematics Education department
as in Figure 1.

One of the students’ answers on the questions above
could be seen in Figure 2. In the figure, the particular
student failed to do the metacognitive thinking process
that resulted in the wrong answer in proving the equation.

The metacognition process failure could lead to failure
of metacognitive. According to Goss (2002) and Stillman
(2011), there were three types of failure metacognitive,
namely: (1) Blindness metacognitive was a failure of
metacognitive when someone made a mistake in the
process of problem solving and was not aware of the "red
flag". Its indicators: (a) Use strategies wrong; (b) Ignore
the incorrect calculations. (2) Mirage metacognitive was a
failure of metacognitive when someone does not make
mistakes but realize it as a "red flag". Its indicators: (a)
Any work causing the deadlock; (b) Change the problem
so it was not in accordance with the structure of the
concept. (3) Vandalism metacognitive a failure
metacognitive marked discrepancies to the concept and
context of the issue when responding to "red flag". Its
indicators: (a) Change the problem so that the degree of
difficulty to be lost; (b) An error to use the strategy; (c)
Changing the calculation but contain errors; (d) Reject
the correct answer. Metacognitive failures could occur
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Figure 2. The student’s answer.

accompanied by the activity of metacognition (Stillman,
2011).

In doing the problem solving activities using
metacognitive processes, it could occur "red flag". The
metacognitive "Red flag" indicated a need for someone to
stop or re-examine the problem solving process (Goos,
2002; Stillman, 2011). "Red flag" may appear on the
stage of the problem solving process and could happen
in metacognitive activities (Stillman, 2011). According to
Goss (2002) and Stillman (2011), there were three "red
flags" that happened and could identify the metacognitive
failures, as it was mentioned as follows: (1) There was no
progress in the process of finding a solution (lack
progress); (2) Detection of an error (error detection) in the
troubleshooting process; (3) Their ambiguous on the final
answer (anomalous result)).

Metacognitive failures in problem solving could be
assessed based on the framework of assimilation and
accommodation. Piaget explained that in the case when
a person interacted with the environment, there would be
a cognitive process, namely assimilation and
accommodation (Rajiden and Ahman, 2015). In the case,
when a person interacted with the environment, there

would be a process of adaptation. At the time of adapting,
someone experienced two cognitive processes, namely
assimilation and accommodation, as shown in Figure 3.

According to Piaget, the assimilation process occurred
when a child brought new knowledge into their existing
schemes and the accommodation process occurred
when children replaced their scheme to match new
information or knowledge (Ultanir, 2012). The balance
between assimilation and accommodation was called
state of equilibrium and disequilibrium occurred when the
child was in a new environmental phenomenon that did
not fit into the child mental schemes (Blake and Pope,
2008). In research, the researcher investigated the failure
of metacognitive based on the theory of Goos (2002) and
Stilman (2011) and the subsequent failure was analyzed
based on the framework of assimilation and
accommodation.

RESEARCH METHODS

The research was a qualitative research. Researchers conducted
the study toward the under-graduate students of Mathematics
Education Department in Jambi University. Out of the thirty-five
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Figure 3. The Process of assimilation and Accommodation (Adopted from Rajiden et al, 2015).

students involved in the recent study, five students did not answer
the question, three students completed the questions correctly and
twenty-seven students unfortunately were found to make the same
mistake to solve the test item. Therefore, it had been decided to
select two college students from those twenty-seven students as
the research subjects. The answers of the students were analyzed
to investigate the students’ metacognitive failures based on the
framework assimilation and accommodation that include; (1)
metacognitive blindness, (2) mirage metacognitive and (3)
metacognitive vandalism. The data was collected by providing the
proving test items to the students, and then they were interviewed
about the activities of metacognition in solving those test items
which were characterized by the "red flags" that occur while the
students worked on the test items.

FINDINGS

The findings in the research on metacognitive failures
investigated based on the framework of assimilation and
accommodation was gained through investigating the
process of students’ thinking in mathematical proving,
which includes; (1) metacognitive blindness, (2)
metacognitive mirage and (3) metacognitive vandalism by
"red flags" that occurs during the process of the test items
solving.

The notations used to describe the findings of the recent
study are given in Table 1.

The thinking process of student one (S1) investigated
based on assimilation and accommodation
framework

The thinking process of the student one (S1) investigated
based on assimilation and accommodation framework in
solving the test items could be seen in Diagram 1.

Based on the Diagram 1, the process of student
thinking was dominated by the process of assimilation. At
the beginning of the process of metacognition the student
one (S1) realized in the thinking process that the test item
was familiar, and then to try to recall what she already

knew. In the case there was a process of assimilation in
the process of thinking of metacognition of student one.
The particular student realized that she might have ever
worked on a matter like this. The student also set up her
thinking processes to recall what he had done before
when solving the problems like what he had in the
present. The student could recall what she had been
done but she forgot how to solve the problems. It was
known from research interview with the student as
follows:

Researcher: “Were you trying to remember if you ever
worked on a matter like this?”

Student one (S1): “I remember | once worked on a matter
like this in the Introduction to Basic Math course. | know
what was known and what was asked in this matter, but |
forgot how to solve this problem (Awareness)”.

During the time of solving the test items, the student one
(S1) experienced the disequilibrium stage about what to
do first. The student then adjusted her thinking process
for making a settlement plan that started from the
equation a was more than b, as shown in Figure 4.

The student one (S1) realized if a was more than b
then b must be added to something, say for example x
was added to b, the value of b would remain the same if ¢
was smaller or equal to 0. By performing the setting and
evaluation on the thinking process, the student was in the
process of accommodation of the thinking process. This
was proven from the finding of interview with research
subject, the student, as follows:

Researcher: “What do you think about a> b?”

Student one (S1): “If a was greater than b, then b must
be added to something, say for example x, but | got
confused about ¢ was less than or equal to 0 (regulator
and evaluation)”.

Furthermore, the student one (S1) evaluated her thinking
processes if x was less than or equal to 0 then the
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Table 1. The notations and the notations’ meanings.

Notations

Meanings

A

o w

Test item: Mathematical proving
The first given requirement: a, b, c €R
The second given requirement: a > b

The requirement that must be fulfilled: ac = bc and ¢ = 0
The average requirement: ac = bc

The necessary requirement: ¢ = 0
The meaning of: a was more than b

1123

Finish

The combination of | and m
¢ was equal to 0 (zero)
¢ was less than 0 (zero)

O0o0zZTrXue—IOM M O O

The multiplication of the negative number

The multiplication of the real number

The multiplication of one real number with zero

The multiplication of one positive real number to one negative real number.

When a was more than b, and then multiplied to ¢ was 0 (zero)

When a was more than b, and then multiplied to c the result was less than 0 (zero).

As The process of assimilation happens

Dis Disequilibrium

Ak The process of accommodation.

Rf Red flag
Eq Equilibrium

Diagram 1. The metacognition process of the under-graduate students
investigated based on assimilation and accommodation framework.

equation c was less than 0 could be applied. If c was less
than 0 then the result obtained was negative c. This could
be seen in Figure 5. In this case there was a process of
accommodation on the process of metacognition of the
research subject, student one (S1).

The student one (S1) evaluated if ¢ was less than 0,
then b was multiplied by negative c, it was equal to ¢ was

less than or equal to negative b multiplied by c. Here also
aesthetically seen that the student had a process of
accommodation in her thinking process. It could be seen
from interviews with research subject, the student one, as
follows:

Researcher: “Were you sure that you had the correct
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Translated version

For example_ & + something (x).

The value of b constant if ¢ is less or equal to 0.
b is added by something.

ais bigger than &, it means that b should be added by x

Figure 4. The student one (S1)’s statement about a was more than b.

r C &1

Translated version

cis less or equal to 0
cis less or equal to 0

multiplied to ¢
equal to negative b multiplied by c.

b and c are the members of R
a. b, c are the members of R

b multiplied by negative ¢ added to x multiplied to ¢ which is less or equal to b

negative b multiplied by ¢ added by negative x multiplied by ¢ which is less or

Figure 5. The student’s answer about the equation ¢ < 0.

answer?”

Student one (S1): “I was confused and not sure of the
answer | gave. | was trying to recall if there were other
ways | could do to solve the problem”.

Metacognition thinking process of student two (S2)
investigated based on the framework assimilation
and accommodation

Metacognition thinking process of student two (S2)
investigated based on the framework assimilation and

accommodation in solving the test items could be seen in
Diagram 2.

In the beginning the process of metacognition of
student two (S2) was dominated by the process of
assimilation. Student two (S2) realized in the process of
thinking that the test items were familiar and tried to re-
evaluate what he already knew and whether he had ever
worked on a matter like this and what he had done before
when solving problems like this. It was known from
interviews with the student two (S2) as follow:

Researcher: “Had you ever worked on a matter like this?”
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Diagram 2. Metacognition thinking process investigated based on the framework

assimilation and accommodation.
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It can be concluded that every multiplications real numbers will alwavys

And everv one multiplication of real number to the zero real number will

For every multiplication positive one real number to negative will always

Figure 6. Student two (S2) about the meaning of a, b, ¢ as the members of R.

Student two (S2): “I once worked on a matter like this in
the Introduction to Basic Math course. | try to recall what |
had ever done to solve problems like this (awareness)”.

Furthermore, student two (S2) experienced a process of
accommodation in his metacognition process. Student
two (S2) then adjusted his thinking process of interpreting
a was a member of R, b and ¢ were the member of R as
shown in Figure 5.

The student two (S2) evaluated if a was a member of
the real numbers, b and ¢ were the members of real

numbers, then the result of multiplying two real numbers
as was obtained shown in Figure 6. The student two (S2)
also evaluated whether he did it right. The information
was obtained from interviews with the student two (S2) as
follows:

Researcher: “What do you do after reading the test
item?”

Student two (S2): “I know a, b and ¢ were the members
of the real numbers. | did check the results of
multiplication of two real numbers based on the
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Therefore, if a is greater than b, and then multiplied bv ¢ which is
equal to 0 means that a is equal to be equal to 0.

If a is greater than b, and then multiplied by ¢ which is less than 0
{negative number) means the value of a multiplied by c is less than the
value of b multiplied by c. it is because if the bigger the negative
number, the smaller the value.

Figure 7. Student two (S2)'s answer for the equation ¢ was equal to 0 and ¢ was

less than 0.
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Translated version

Based on statement (1) and {2), it can be concluded that 3 b.¢ are the member of
E. and a is greater than b_If the value of a multiplied bv c is less or equal to the
value of b multiplied by c, then c is less or equal to 0

Figure 8. Student two (S2)’s final statement.

requirements given (regulation and evaluator)”.

In the process of disequilibrium, the student two (S2)
evaluated what would happen if a was more than b and ¢
was equal to 0. Furthermore, student two (S2) also
evaluated what would happen if a was more than b and ¢
was less than 0. It could be seen from the results of the
student two (S2)’s work in Figure 7.

As shown in Figure 8, student two (S2)’s answer for the
equation ¢ was equal to 0 and ¢ was less than 0

The student two (S2) experienced disequilibrium
process when student two (S2) organized and evaluated
his thinking process in completing the equation a was
more than 0 multiplied by ¢ was equal to 0. The finding
could be seen from the result of interview between the
researcher of this recent study and student two (S2) as
follow:

Researcher: “Then what do you think?”

Student two (S2): “If a was more than b, then multiplied
by ¢ which was equal to 0 then the result obtained was a
was equal to 0, b was equal to 0.

Researcher: “Why was a equal 0 and b equal to 0?”
Student two (S2): “It was because ¢ was equal to 0”.

At the end of problem solving, the student two (S2)
organized was thinking process to combine two things
that might happen when he multiplied a which was more
than b to ¢ which was equal to 0 and multiplied a which
was more than b to ¢ which was less than 0 as shown in
Figure 8.

DISCUSSION

In the beginning, the process of metacognition of student
one (S1) was dominated by the assimilation process
because the student one (S1) uses her knowledge when
there was a new problem. This was in accordance with
the opinion of Piaget (Ultanir, 2012) which said that a
child brings new knowledge into their own scheme.
Furthermore, student one (S1) was in the
accommodation process marked by when student one
(S1) declared that a> b by adding b with something (eg



x). In facing this case, the student one (S1) replaced her
schemes of thinking to match the new information or
knowledge (Ultair, 2012) so the student was able to make
the different ways of solving problems (Magiera and
Zawojewsky, 2011). This resulted in a red flag occurred
as a detection of an error (error detection) on the process
of student one (S1) metacognition which was an indicator
of metacognitive blindness. Therefore, it could be said
that student one (S1) experienced the blindness
metacognitive which it was some metacognitive failures
when someone made mistakes in the problem solving
process and did not realize the occurrence of the "red
flag" (Goos, 2002). At the time of making the inequality of
b + x < b, student one (S1) experienced a metacognitive
failure in the thinking process in evaluating whether she
figured it out correctly (Goos, 2002). It also caused the
"red flag" changed the problem so it did not correspond to
the concept of structure (Goos, 2002) which led to the
mirage metacognitive which meant some metacognitive
failures when one considered himself did nothing wrong
but be aware as a "red flag.

In the next accommodation process, the student one
(S1) adjusted her thinking process by taking ¢ < 0 and the
result was the multiplication of -bc -xc < -bc. This
phenomenon was marked with a "red flag" as a detection
of an error (error detection) and there was no progress in
the process of finding a solution (lack progress) (Goss,
2002). Thus, we could say that student one (S1)
experienced vandalism metacognitive which meant some
metacognitive failures that were marked by the
noncompliance within the concept and context of the
issue when responding to "red flag". The indicator was
the errors in using the strategies (Goos, 2002).

Student two (S2)’'s metacognition process was
dominated by the assimilation process since the student
(S2) used his knowledge when there was a new problem.
This was in accordance with the opinion of Piaget
(Ultanir, 2012) which says that a child brought the new
knowledge into their own scheme.

Furthermore, when student two (S2) knew aeR, beR
and ceR then the student (S2) adjusted his thinking
process to multiply two real numbers. There were three
possible occurrence of the multiplications of two real
numbers, namely (1) a positive real number was
multiplied by a positive real number, (2) a positive real
number was multiplied by a real number 0, and (3) the
number real positive number was multiplied by real
negative numbers. In this case, there was a process of
accommodation since the student two (S2) replaced the
scheme of thinking to match the new information or
knowledge (Ultair, 2012) so that student two (S2) decided
to make a different way of solving problems (Goos,
2002).

Student two (S2) adjusted his thinking process and
evaluated when using a> b to ¢ = 0 which resulted the
student (S2) concluded that a = b = 0. In this case there
was a process of accommodation (Goss, 2002) which led
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to the "red flag" that was characterized by the detection of
an error (error detection) because the student two (S2)
adjusted his thinking process to obtain results that were
not in accordance with the requirements of a> b. Thus the
metacognitive vandalism occurred which meant some
metacognitive failures that marked by the noncompliance
within the concept and context of the issue when
responding to "red flag". The indicator was the student
changed calculation but it contained some errors (Goos,
2002).

Conclusion

The research subject, the student one (S1) used
assimilation process as much as seven times and the
accommodation process four times with metacognitive
failures were the metacognitive blindness, mirage
metacognitive and metacognitive vandalism. The
research subject, the student two (S2) used a process of
assimilation were as much as twelve times, and the
accommodation process were as much as six times with
the metacognitive failure was only vandalism
metacognitive.
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