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Abstract Mathematical proving is an important
ability to learn abstract algebra. Many students, however,
found difficulties in solving problems involving
mathematical proof. This research aims to describe the
students’ mathematical proving ability and to find out the
difference of the ability among students in private
universities with three different levels of accreditation — A,
B, and C. We used descriptive and comparative methods
to reach the goals by involving mathematics education
department students from A, B, and C-accredited private
universities as its subjects. We used a test and interview to
collect the data. The data of the students’ mathematical
proving ability were then statistically described and then
compared among the three subject categories using the
Kruskal-Wallis test and U Mann Whitney post hoc test.
The results suggest that the students’ mathematical
proving ability from the A, B, and C-accredited
universities respectively were 77.14 (high category),
39.32 (low category), and 36.78 (low category).
Furthermore, the comparison results suggest that the
significant differences only happen between universities
with A and B accreditation level, and between the ones
with A and C accreditation. Based on these findings, the
mathematical proving ability of the students from B and
C-accredited universities still needs to be improved by
making the students accustomed to exercising with proof
problems, motivating them to learn, and providing them
learning materials that are easy to understand.

Keywords Abstract Algebra, Accreditation of Private
University, Comparison Analysis, Descriptive Analysis,
Mathematical Proving Ability

1. Introduction

Mathematics is a deductive science that relies on logical

thinking to prove the truth value of a preposition or a
theorem. The truth value of a mathematics preposition or
theorem could be acknowledged after being proven true
based on the existing definitions, axioms, or theorems.
Proof is the most important part of understanding
mathematics clearly (Arnawa, 2006; Hanna, Jahnke, &
Pulte, 2010; Maya & Sumarmo, 2011). Stylianides &
Stylianides (2008) argued that there are three reasons of
why mathematical proof is important. First, the
mathematical proving ability is very important for deep

mathematics  learning.  Second,  proficiency in
mathematical proving can increase the students’
mathematical abilities more. Third, many students

encountered difficulties in mathematical proving.

A mathematical proof is a sequence of a logical
statement which explains why a given preposition is true.
Arnawa, Yerizon, & Enita (2019) mentioned that a
lecturer could use mathematical proof tasks to see how
students can argue logically, how students use examples
and non-examples to defend their opinions, how students
might experience weaknesses in reasoning, and what
kinds of misconceptions the students often experience.

In terms of proof in mathematics, Stout (2014) argued
that a large portion of mathematics consists of proofs.
Proof of a theorem is a finite sequence of claims. Each
claim is derived logically from the previous claims as well
as theorems whose truth has already been established.
Besides, Stefanowicz (2014) stated that mathematics
proof is absolute, which means that one a theorem is
proven true, then it shall be true forever.

In many kinds of literature about proof and proving
activities in mathematics education, there is a concept
known as the construction of proof (Santosa, 2013).
Selden & Selden (2009) stated that the ability to construct
proof includes the ability to use proving methods,
definitions, lemmas, and theorems to show the truth value
of a mathematics preposition. Ball et al. (2002) and
Sriraman (2004) stated that the ability to construct proof is
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the ability to show agreement to the use of proving
methods, resolutions, and theorems to prove the truth
value of a statement. Construction of proof is a
mathematical task when the person — in order to prove the
given statement — is given some preliminary information
(e.g., assumptions, axioms, resolutions) and is asked to
apply methods of drawing conclusion (i.e., recalling
established facts, applying theorems) until the desired
conclusion is proven.

Although proof is the most important part of
mathematics, proving is one of the difficult things to learn
and to teach (Arnawa, 2006). Various previous researches
suggest that there are still many students who found
difficulties in constructing mathematical proofs (Selden &
Selden, 2003; Stylianides, Stylianides, & Philippou, 2007;
Ozdemir & Ovez, 2012; Cyr, 2013; Guler, 2016; Arnawa,
Yerizon, & Enita, 2019). Furthermore, Yerizon (2011)
also concluded that the students’ mathematical proving
ability was still low. At the tertiary education level, the
mathematical proving ability is more formal and more

accurate than at the elementary and secondary school level.

This makes students, especially in mathematics and
mathematics education department, have to read and
practice more in writing mathematical proof.

Writing proofs in abstract algebra will be very different
to writing proofs in calculus, geometry, or real analysis.
The mathematical topics which become the proving
contexts are very diverse, for example, abductive
strategies in number theory course (Kusnandi, 2008),
abstract algebra (Arnawa, 2006; Isnarto, 2014;
Samparadja, 2014), calculus (Tucker, 1999), and real
analysis (Yerizon, 2011). The topics of mathematics for
university level, which become the object of — and cannot
be separated from — proving research were dominated by
continuous mathematics such as calculus, real analysis,
number theory, and abstract algebra.

Abstract algebra is one of the mathematics courses that
aims to develop mathematical proving ability (Isnarto,
2014). Proving is an important component in learning
abstract algebra (Findel, 2001). This is because the topics
in abstract algebra are full of definitions and theorems
which all require proof. Therefore, the students are
required to understand every definition and theorem they
learn and be able to organize concepts in proving
theorems.

Many factors affect the students’ difficulty in proving
activities, one of them is the learning experience. Their
experience in working with mathematical proof tasks in
high school will impact their proving ability in their first
year of college. Knuth (2002) stated that one of the
reasons why students encountered difficulties in proving
was their experience in constructing proof. His research
was limited to constructing proof in school geometry.
Weber (2001) found that the initial cause of students’
failure in proving was caused by a lack of strategic
knowledge. Furthermore, many argued that the students

Analysis of Mathematical Proof Ability in Abstract Algebra Course

could not determine whether the desired proof is valid or
not (Moore, 1994; Hanna & Jahnke, 1996; Barnard, 2000;
Selden & Selden, 2003; Arnawa, 2006; Kusnandi, 2008;
Tall et al., 2011). Also, the students' negative perceptions
of proof and proving activities greatly affect their ability
to construct and to write the proofs.

Regarding the mathematical proof, Reid (2005) stated
that proving makes mathematics unique and different
from the other disciplines. Through the mathematical
proving task, a lecturer can see: (1) how the students
provide logical arguments, (2) how students use examples
and non-examples to support their arguments, (3) kinds of
students’ weaknesses in reasoning experience, and (4)
kinds of misconception the students often experience. Hart
(1994) and Moore (1994) found that most students still
encountered difficulties in mathematical proving in higher
education, especially in abstract algebra. These
phenomena also happened to students of the mathematics
education department at Universitas Riau Kepulauan,
Universitas Ahmad Dahlan, Universitas Pasir Pangaraian,
and STKIP Insan Madani Air Molek, all of them are
private higher education institutions in Indonesia. The
students' learning results at the universities, as mentioned
ecarlier, were not satisfactory. Therefore, we need to find
out the students’ mathematical proving ability in abstract
algebra and the differences in terms of the ability to
solving abstract algebra proving problems. The insights of
this ability, as well as the difficulties experienced by the
students in mathematical proving, could be a useful source
to seek the appropriate solution. In the end, it could be
reached a better learning result.

2. Materials and Method

2.1. Research Approach

This research used a descriptive quantitative approach
and continued by comparative analysis. The descriptive
analysis was used to describe the test results and the level
of mathematical proving ability of the students, while the
comparative analysis was used to determine the
differences in mathematical proving ability of the students
grouped by their institutions’ accreditation ranking.

2.2. Research Subjects

We involved three groups of students coming from
private universities in Indonesia. The first group consisted
of 35 students from an A-accredited (outstanding)
university — Universitas Ahmad Dahlan, Yogyakarta. The
second group consisted of 32 students from B-accredited
(very good) university - Universitas Riau Kepulauan,
Batam. The third group consisted of 29 students from
C-accredited (good) university. They were 15 students
from Universitas Pasir Pangaraian, Riau, and 14 students
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from STKIP Insan Madani Air Molek, Riau.

2.3. Research Instruments

To get the data of students' mathematical proving
ability, we administered a test instrument measuring the
mathematical proving ability. The test consisted of three
essay problems in the topic of group theory. Further, to
get additional information about the difficulties
experienced by the students in solving abstract algebra
proving problems, we conducted interviews with six
students as the representatives of the research subjects
from the three groups of universities.

2.4. Data Analysis Technique

Based on the research goals, we run two kinds of data
analysis — descriptive statistical analysis and comparative
analysis. The test results — the quantitative data — were
analyzed by scoring 0 to 4 for each item with criteria as
follows (Arnawa, Yerizon, & Enita, 2019). Score 0 was
given if there is no proving process at all, score 1 was
given if the students could make one approach but
incorrect, score 2 was given if there is a substantial
progress, score 3 was given if the solution is obtained with
minor fallacy, and score 4 if the students could make a
completion of proving process. The total score was then
converted into 0 to 100 scale. The results were then
descriptively analyzed, and the mean of them was
categorized using a guideline presented in Table 1 (Maya
& Sumarmo, 2011).

Table 1. Level category of mathematical proving ability
Category Mathematical Proving Ability Score Interval
High 70<X <100
Intermediate 55<X<70
Low 0<X<55

X: Mathematical proving ability score

Furthermore, to find out whether there are differences
in the mathematical proving ability of the students based
on their university accreditation ranking, we used
independent k-sample comparative analysis. The
independent k-sample comparative test in this research
was carried out using the Kruskal-Wallis non-parametric
statistical test because the normality assumption on the
data gained was not fulfilled. Meanwhile, a further test
was carried out using the non-parametric statistical
Mann-Whitney U test.

3. Results

The data of this research were the mathematical proving
ability in abstract algebra course. The data analysis was
divided into two parts — the descriptive statistical analysis
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used to describe mathematical proving ability and the
comparative analysis to see differences of mathematical
proving ability based on the university accreditation
ranking.

3.1. Descriptive Analysis Results

The mathematical proving test results were analyzed by
scoring 0 to 4 for each item according to the given criteria
(Arnawa, Yerizon, & Enita, 2019), then the total score
was converted into 0 to 100 scale. The results were

presented in Table 2.
Table 2. The mathematical proving ability test results

L. L University Accreditation Level

Statistical Descriptive
A B C

Mean 77.14 39.32 36.78
Median 83.33 33.33 41.67
Mode 83.33 33.33 41.67
Deviation standard 12.68 18.66 11.25
Variance 160.72 359.47 126.57
Max. score 91.67 91.67 58.33
Min. score 50 16.67 16.67
Max. Teoritic score 100 100 100
Min. Teoritic score 0 0 0

From Table 2, the highest mean of mathematical
proving ability score was the A-accredited group (77.14),
followed by the B-accredited group (39.32), and the
lowest mean score was C-accredited group (36.78). In this
case, the score of B and C accreditation groups were still
far below the maximum score. The deviation standard of
the A, B, and C scores were respectively 12.68, 18.66, and
11.25. We can see that the deviation standard of Group B
was the highest. It indicated that the distribution of data
on Group B was quite far from the average. Meanwhile,
the highest score achieved by the students in Group C was
only 58.33. This score was much smaller when compared
to the highest score achieved by Group A and Group B
(91.67).

From the scores gained, we categorized the students’
mathematical proving ability into three categories — high,
intermediate, low — based on the criteria in Table 1. The
result is presented in Table 3.

From Table 3, we can see that the most of students of
A-accredited university performed high ability (77.14%),
while most of the students of B- and C-accredited
universities performed low (respectively 87.5% and
96.5%). Moreover, none of the students in C-accredited
university performed high ability. This phenomenon
indicated that the mathematical proving ability of the
students in B- and C-accredited universities were still
poor.

Furthermore, to obtain more detailed information about
the mathematical proving ability, we analyzed the score
obtained for each test item based on the accreditation
group, as presented in Table 4.
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Table 3. Test score distribution based on mathematical proving ability category
A-accredited Institution B-accredited Institution C-accredited Institution
Category Score Interval
Number % Number % Number %
High 70<X<100 27 77.14 4 12.5 0 0
Intermediate 55<X <70 5 14.29 0 0 1 3.45
Low 0<X<55 3 8.57 28 87.5 28 96.55
Total 35 100 32 100 29 100
Table 4. Average score of each item of mathematical proving test
Item Number
Accreditation Mean
1 2 3
A 72.86 88.57 70 77.14
B 50 28.91 39.06 39.32
C 56.03 30.17 24.14 36.78
Overall mean 59.63 49.23 444 51.08
Table 5. Score distribution of the mathematical proving ability test
Respondent Frequency
Item Number Score 0 Score 1 Score 2 Score 3 Score 4 Total
A B C A B C A B C A B C A B C
1 0 0 0 8 1 4 20 21 30 0 6 1 4 1 96
2 0 4 4 2 23 20 5 3 0 0 0 5 28 2 0 96
3 0 1 15 4 16 0 3 12 14 24 2 0 4 1 0 96
Total 0 5 19 6 47 21 12 35 35 54 2 11 33 7 1 288

Based on Table 4, the level of difficulty for every group
varied in order. But overall, the most difficult item was
Number 3, followed by Number 2, and the last was
Number 1. To see the difficulties encountered by the
students, Table 5 presents the frequency distribution of the
gained score for each group.

Based on the score distribution in Table 5, in Group A,
28 students successfully answered Number 2 with score 4,
while Number 1 was only answered correctly by 1 student,
and Number 3 was answered correctly by 4 students. In
Group B, score 4 was obtained by 4 students for problem
Number 1, 2 students for question Number 2, and only 1
student for question Number 3. Meanwhile, in group C,
only 1 student received score 4 for question Number 1 and
no student answered correctly for questions Number 2 and
3.

3.2. Comparative Analysis

We used the Kruskal-Wallis non-parametric statistical
test to test the differences in mathematical proving ability
among the groups A, B, and C. The use of non-parametric
statistical test was carried out because the research data
obtained were not normally distributed. The results of
normality tests conducted using the Kolmogorov-Smirnov
test are presented in Table 6.

From the results of the normality test, it was concluded
that the data from the three sample groups were not
normally distributed. Thus, to find out the differences in
their mathematical proving abilities, non-parametric
statistical test was used — the Kruskal-Wallis test. The
results of the Kruskal Wallis test conducted using SPSS
software as presented in Table 7.
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Table 6. Normality test of mathematical proving ability data

Accreditation Group N K-S (2) Sig. Decision Conclusion
A 35 0.402 0.000 Ho rejected Not normally distributed
B 32 0.294 0.000 Ho rejected Not normally distributed
C 29 0.289 0.000 Hy rejected Not normally distributed

Ho: Data were normally distributed

Table 7. Results of Kruskal-Wallis test

Accreditation Group Decision

A,B,C

Chi-Square | Df
56.33 2

Sig
0.000

Ho rejected

Ho: There is no significant difference in mathematical proving ability
among students from A, B, and C-accredited universities.

From Table 7, we can see that the probability value (Sig)
based on the Kruskal Wallis test was 0.00 smaller than
0.05. It can be concluded that there were significant
differences in mathematical proving ability between
groups A, B, and C. To find out which accreditation
groups has significant differences to the mathematical
proving ability, the post hoc testing was done with the
Mann Whitney U test. The summary of the test result is
presented in Table 8.

Table 8. Mann Whitney U test results

oo | Vi | Sy | o
A dan B 86.00 0.000 Significant
AdanC 11.50 0.000 Significant
BdanC 430.00 0.612 Not-Significant

Based on the results of the Mann Whitney U test in
Table 8, it can be seen that the probability value (Sig.) for
the test between accreditation group A and B and between
A and C were smaller than the significance level of 0.05.
It means that there were significant differences in
mathematical proving ability between group A and B as
well as between A and C. Meanwhile, between group B
and C, the probability value (Sig.) was greater than the
significance level of 0.05. It means that there was no
significant difference in mathematical proving ability
between group B and C.

4. Discussion

4.1. Description of Mathematical Proving Ability

Based on the results of this study, the students’
mathematical proving ability in the A-accredited
university was in the high category with an average score
of 77.14, while the students’ ability in the B- and
C-accredited were in the low category with an average
score of 39.32 and 36.78 respectively. Therefore, the
mathematical proving ability was in line with the
institution accreditation ranking. Furthermore, to describe

and to examine the constraints experienced by students in
working on mathematical proof problems, Table 9
presents the distribution of scoring results on a scale of 0
to 4 on each question for each group.

Table 9. Distribution of scoring results in A-accredited university

Frequency
Number | Score | Score | Score | Score | Score | Total
0 1 2 3 4
1 0 0 4 30 1 35
2 0 2 5 0 28 35
3 0 4 3 24 4 35
Total 0 6 12 54 33 105

From Table 9, the distribution of students in group A
got the most score of 3 and 4. Towards problem number 2,
most students got score of 4 compared to the other two
problems which were only 4 students for problem number
3 and only 1 student for question number 1. Meanwhile, if
it is viewed from the average score (See Table 4), the
most difficult problem for the students in the A-accredited
group was question number 3 with an average of 70,
followed by question number 1 with an average of 72.86.
For question number 2, the average score was 88.57 with
28 out of 35 students (80%) could answer the questions
correctly as there was no significant issue with the
proving activities.

At the problem Number 1, the students were asked,
“Investigate if G, a set of rational number Q with *
operation, is a commutative group where the * operation
isdefinedbya*b =a+ b + 2abVa,b € Q.”

The problem 1 required a simple proving using initial
concept of commutative group. There are 5 axioms that
must be fulfilled in this proof — closed within the given
operation, associative property, the existence of the
identity element, the existence of the inverse element, and
commutative property. Most students from the group A
could prove these axioms correctly, but the most errors
made were when determining the identity and inverse
elements. Another error found in proving the inverse
axiom is that the students forgot the requirement of
inverse existence in a group. For example, we found that
they forgot the characteristic of the inverse of G might be
in the form of fraction which should not have zero as its
denominator. Thus, there is one element of G that has no
inverse, the 0.5. This causes G is not categorized as a
group. However, most students concluded that G is a
group as shown in Figure 1.
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Figure 1.

Further, we examined problem number 3 regarding
subgroup proving. The most common errors found was
that the students forgot to write the requirement that the
subgroup must be a non-empty subset of the group.
Another type of error found was that the students
incorrectly applied the subgroup theorem. These findings
are in line with the results of research reported by Moore
(1994), Asiala et al. (1997), Harel (2007), and Weber
(2001).

The second investigation was for the B-accredited
group. Their score distribution is presented in Table 10.

Table 10. Distribution of scoring results in B-accredited university
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The sample of student’s incorrect answer to problem 1

Figure 2 and Figure 3 are examples of the students'
answer.
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Frequency
Number | Score | Score | Score | Score | Score | Total
0 1 2 3 4
1 0 8 20 0 4 32
2 4 23 3 0 2 32
3 1 16 12 2 1 32
Total 5 47 35 2 7 96

From Table 10, we found that the most common error
happened at item number 2. This is in line with the results
presented in Table 4 that the lowest score of this group
was also number 2 (28.91), followed by score of number 3
(39.06). The problem number 2 said, “If G is a group, a €
G, a is called idempotent if a? = a. Examine the truth
value of the following statement, ‘If a is an idempotent
element of G, then a is an identity element.” Explain your
answer using an adequate proof.” Problem 2 required the
students to think in abstract way and to connect the
previous axioms and theorems to prove the statement.

— L———

—
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Figure 3. The sample of student’s correct answer to problem 2

In Figure 2, the concept used by the student was not
appropriate to prove problem number 2. This indicated
that the student was unable to connect the existing axioms
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and theorems to prove a new mathematical statement.
Weber & Alcock (2004) argued that students often have
difficulty in constructing concrete representations of
abstract concepts from group theory. Meanwhile, the
correct answer can be seen in Figure 3, where this work
was from the student with high ability.

Moreover, for problem 3, only 1 student could answer
correctly though the concept required to answer the
problem 3 has been learned by all of students and the
lecturer also has taught this topic repeatedly to strengthen
the subgroup concept retention. Problem number 3 said,
“Given R is a set of real number. We define

Kk={(° Z)'a,b,c,d € Rad — be # 0}

with operation of multiplication on matrices is a group.

Investigate if

L= {(; _xy)|x,y ERxX>+y> + 0}

is subgroup of K.”

The sample of the students’ answer is presented in
Figure 4.

Problem number 3 required the students understanding
to use theorems in subgroup proving. The selected
concept was correct, but the application shows that the
students have not understood the concepts well. This
phenomenon also happened in various research (Maharaj,
2010; Syaiful, Marsal, & Kamid, 2016; Agustyaningrum
et al, 2018; Yerizon et al, 2019). At the beginning, the
student wrote K # 0 and is subset of A, it should be L +
@ and L € K. The next step was also incorrect, they wrote
AB™' € R, it should be AB™! € L . The operation of
multiplication on matrices was also incorrect. These
findings confirmed that the students have not understood
the concepts of subgroup proving and the initial concept
of matrices operation.

The next investigation was for the C-accredited group.
Their score distribution is presented in Table 11.
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Figure 4. The sample of student’s answer to problem 3 from group B

Table 11. Distribution of scoring results in C-accredited university

Frequency
Number Total
Score 0 Score 1 Score 2 Score 3 Score 4
1 0 1 21 6 1 29
2 4 20 0 5 0 29
3 15 0 14 0 0 29
Total 19 21 35 11 1 87
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Figure 5. The sample of student’s answer to problem 3 from group C

In the C-accredited university group, only 1 student
correctly answered problem number 1 and none of the
student answered correctly problems number 2 and 3. The
lowest score in problem 3 was 24.14 followed by problem
2 with a score of 30.17 and problem 1 with a score of
56.03 (See Table 4). The most common error found for
solving problem 3 was that students proved subgroups by
taking examples of numbers and not proving their general
property. Figure 5 presents the sample of the students’
incorrect answer.

Figure 5 shows that students prove the closed and
associative property using counter example. This
indicated that they could not understand the concepts and
could not apply the existing concepts to solve the problem,
either. This finding is in line with the opinion of Alcock &
Simpson (2002) who argued that, in solving abstract
algebra proving problems, students often write their own

intuitive arguments based on their conceptual description
even though it is not valid.

After examining the errors happened in every group, we
confirmed the causes of the errors to the students by
conducting interviews. We selected 6 respondents as the
representative of Group A, B, and C. Each respondent was
questioned about the difficulty experienced in solving
proving problems of abstract algebra. Six respondents said
that abstract algebra was new topic that was different in
characteristics from other subjects. Students were not yet
familiar with the proving tasks and there were many
unfamiliar terms which worsened the difficulty in
understanding the concepts, which is abstract in nature.
This is in line with the results of several studies (Leron &
Dubinsky, 1995; Carlson, 2003; Arnawa, 2006) which
confirm that the difficulties in learning abstract algebra
are usually caused by: (1) the concepts in abstract algebra
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are very abstract, (2) many examples relating to the
concept are not well recognized by students, and (3) many
students are not familiar with deductive proof. However,
there were respondents from A-accredited group who said
they felt challenged and were enthusiastic about this
course.

As with respondents with low and intermediate ability,
they felt that they would not be able to understand this
material. One of them said,

“I don’t know where to begin, or which theorem I

should use when facing a proving task. I am confused to

deal with matrices concept, too.”

From the interview results, we got information that
students also had constraints on initial knowledge. Also,
the students in B and C-accredited universities
complained about the inadequate handout availability. The
handouts available were mostly in foreign language and
difficult to understand. Another difficulty that occurred
was that students could not identify assumptions that will
be proven, unable to determine the initial steps and choose
strategies to use in proving. This is in line with the
opinion of Hart (1994), Weber (2001), Weber (2003), and
Harel & Sowder (2007) which stated that students
commonly have difficulty in writing proof. The ability to
validate the proof is a skill that is highly needed by
students to develop and evaluate mathematical arguments
and in order to successfully construct the proof they have
to possess adequate understanding. The findings were also
in line with what was reported by Moore (1994), that the
difficulty of students in proving mathematics were unable
to state the definition with their own words, too little
intuition of understanding of a concept, inadequate
concept images to write proof, lack of understanding on
how to use definitions to get the whole proof structure and
how to start proving.

The difficulties lead to the low quality of the students’
understanding in abstract algebra as it was found in this
study. Therefore, it is necessary to make the students
accustomed to practicing mathematical proving tasks of
abstract algebra in order to improve their level of thinking
ability. Saefudin (2012) stated that making the students
accustomed to practicing mathematical proving tasks and
making conjectures before doing them will enable the
students to deal with the proving tasks. Also, Fadilah &
Jamilah (2016) added that the learning process about
mathematical proof should be displayed in the form of
activities that facilitate the construction and reconstruction
process of students' conceptual understanding. We also
need to focus on strengthening the initial knowledge,
because it greatly supports the students’ understanding in
learning mathematics as stated by Chamundeswari (2014).
Another thing to support the mathematical proving ability
of the students is to provide adequate handout to help
them understand the topics. Enu et al. (2015) confirmed
that the availability and use of handout in mathematics
learning can improve the learning quality.
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4.2. Comparison of Mathematical Proving Ability

The results of the comparison of mathematical proving
ability in the students from A, B, and C-accredited
university found that there were significant differences
among the three groups. The significant differences were
found between A and B and between A and C. Meanwhile,
between B and C, there was no significant difference. The
average scores obtained in the groups A, B, and C,
respectively were 77.14, 39.32, and 36.78. This score
shows that the level of mathematical proving ability was
in line with the accreditation ranking. This is also suitable
with the purpose of higher education accreditation, which
is to guarantee the quality of higher education. The
accreditation of higher education institutions is an
assessment activity to determine the eligibility of the
higher education institutions such that the accreditation
result could accurately reflect the quality of the institution.
Moreover, Nguyen & Ta (2017) argued that accreditation
contributes significantly to improving the quality of
teaching, learning, research, and university management.

From these findings, between groups B and C, there
was no significant difference in mathematical proving
ability. The significant difference only occurred when
they were compared to the group A. This was because the
A-accredited university had better student input and
adequate learning facilities compared to the B- and
C-accredited universities. This better input was due to the
A-accredited university is more attractive for excellent
students to enroll, as it has adequate learning facilities
such as buildings, classrooms, complete learning media,
laboratories, and libraries. These adequate learning
facilities can create a conducive learning environment and
process (Toraman et al., 2020) which in the end resulted
in good learning results as well.

A different case happened in the B and C-accredited
universities. The universities had the same characteristics.
They accommodate students who were failed to enroll to
the A-accredited university. Therefore, the student input
in these groups were not as good as the A-accredited
university. The other similar characteristics were in terms
of inadequate learning facilities in the B- and C-accredited
universities compared to the A-accredited one had. They
did not have free internet services, they had limited
reference books and journals in their libraries, inadequate
learning media, and non-air conditioned classrooms which
made the learning situation less comfortable. The
interview results also confirmed that the problem of
learning facilities and infrastructure has been complained
by our respondents from the B and C-accredited
universities.

In addition to facilities and infrastructure issues,
another characteristic of the B and C-accredited university
was mentioned by Nisa (2018) who reported that the
result of accreditation had a significant effect on students’
learning intensity. The result of accreditation A motivates
students to study diligently, and on the contrary, the
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students from B and C- accredited universities tend to
have moderate and low intensity of learning. This was

also confirmed by our research subjects in groups B and C.

Therefore, lecturers need to work to improve the students’
motivation to learn better, especially in solving
mathematical proving tasks. Hamdi & Abadi (2014) also
reported that one of the efforts of lecturers to improve the
students' mathematics learning achievement was to
increase their motivation to learn.

These similar characteristics found in the B nd
C-accredited university groups made no significant
difference in their students’ mathematical proving ability.
In the other words, it can be concluded that the ability of
students in the B and C-accredited universities were the
same. The results of this study support the findings of
Mairing (2016) who reported that the mathematical ability
of students in A-accredited schools were higher than the B
and C-accredited schools, while the mathematical abilities
of the students in B and C-accredited schools were not
significantly different.

This similarity could also be seen from the results of
this study which found that there was no significant
difference in mathematical proving ability between B and
C-accredited groups with both the average scores were in
the low category and the score difference was only 2.54.
However, the average score of the B-accredited group was
higher at 39.32 when compared to the C-accredited group
at 36.78. Also, the group B had students with high
mathematical proving ability of 12.5% and the rest were
in the low category, while in the group C, there was no
student in the high category. It was only 3.45% of
students were in the intermediate category and the
remaining 96.55% were in the low category. From these
results, the mathematical proving ability of students in the
B-accredited university is better than the C-accredited
university though the difference is not significant.

Related to the results of this comparison, we could
suggest to lecturers and university —management,
especially in B and C-accredited universities, to work on
improving facilities and infrastructures supporting the
learning process, such as providing free internet services
on campus, completing library facilities, learning media,
and comfortable classrooms for learning.

5. Conclusions

Based on the results of this study, we found that the
students’ average score of mathematical proving ability in
the A, B, and C-accredited universities were respectively
77.14 (high category), 39.32 (low category), and 36.78
(low category). Further, we compared the students’
mathematical proving ability, and found that there were
significant differences of the ability between the students
in A and B-accredited universities and between A and
C-accredited universities. Meanwhile, there was no
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significant difference of the ability between B and C
accredited universities. Based on the results, we can also
conclude that the students’ mathematical proving ability
in B and C-accredited universities were in low category.
Thus, it still needs to be improved.

The difficulties experienced by the students of
A-accredited university in solving problems involving
mathematical proof could also be identified, including the
lack of students’ ability to determine the form of identity
element and inverse element in group proving problems,
the students’ carelessness who often forget to write the
required conditions completely in solving subgroup
proving problems then it resulted in incorrect conclusion.
Meanwhile, the difficulties experienced by the students in
B and C-accredited universities include the inability to
identify enough concepts to prove, the errors to determine
the initial steps and choose strategies to use in proving
process, the lack of understanding intuition of the needed
concepts, the inadequacy of concept images to run the
proving process, and the lack knowledge on how to use
definitions, axioms, or theorems to get a comprehensive
proof structure.

Based on the results, we could recommend to improve
the students’ mathematical proving ability in the abstract
algebra course by making the students accustomed to
practicing with proving problems, giving reinforcement of
initial knowledge related to the concepts learned,
motivating the students to learn, and providing a learning
handout which is easy to understand. Furthermore, we
also recommend to the B and C-accredited private
universities to improve the learning facilities.
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