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Abstract

Previous research showed students faced difficulties in solving the given problems in the Abstract Algebra
course. The research aimed to describe the effect of the method of problem-based learning integrated with videos
and worksheets to improve the proving skills of mathematics education students in one of the universities in
Central Kalimantan, Indonesia. The researcher developed and uploaded the videos on YouTube. The research
design was an experimental study. The researcher implemented the method in an experimental class. The control
class students learned by using the usual method of the past three years that emphasized acquiring the Abstract
Algebra concepts. The researcher selected the experimental class randomly. The numbers of students in the
experimental and control classes were 32 and 28, respectively. The students of both classes solved the same
problems in the post-test at end of the implementation. The post-test contained five problems to prove. The
research results showed that the transactive reasoning activities in the experimental class enabled the students to
prove at an appropriate abstraction level. The students’ scores in the Abstract Algebra for the experimental class
were greater than those in the control class. Therefore, the method affected students’ ability to solve Abstract
Algebra problems.
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Resumo

Investigaciones anteriores mostraron que los estudiantes enfrentaron dificultades para resolver los problemas
dados en el curso de Algebra abstracta. La investigacion tuvo como objetivo describir el efecto del método de
aprendizaje basado en problemas, integrado con videos y hojas de trabajo, para mejorar la capacidad de prueba
de los estudiantes de educacién matematica en Kalimantan Central, Indonesia. El investigador desarrolld y subi6
los videos a YouTube. El disefio de la investigacion fue un estudio experimental. El investigador implementé el
método en una clase experimental. Los alumnos de la clase de control aprendieron utilizando el método habitual
de los Gltimos tres afios, que enfatizaba en la adquisicion de los conceptos de Algebra Abstracta. El investigador
selecciond la clase experimental al azar. El nimero de estudiantes en las clases experimental y de control fue 32
y 28, respectivamente. Los alumnos de ambas clases resolvieron los mismos problemas en el post-test al final de
la implementacion. La prueba posterior contenia cinco problemas para probar. Los resultados de la investigacion
mostraron que las actividades de razonamiento transactivo en la clase experimental permitieron a los estudiantes
demostrar en un nivel de abstraccion apropiado. Ademas, las puntuaciones de los estudiantes en Algebra
abstracta en la clase experimental fueron mayores que las del grupo de control. Por lo tanto, el método afectd la
capacidad de los estudiantes para resolver problemas de algebra abstracta.

Palavras-chave: Algebra abstracta. Problemas. Aprendizaje basado en problemas. Videos. Hojas de trabajo.
YouTube.
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1 Introduction

Previous studies showed students faced difficulties in solving problems of Abstract
Algebra course. Research results from one of the universities in Riau Islands, Indonesia
showed that 57.94% of the students made conceptual mistakes, 33.33% of them made
mistakes due to carelessness, and the rest of them, 8.73%, experienced the computational
mistakes when solving the problems (AGUSTYANINGRUM; ABADI; SARI; MAHMUDI,
2018). The causes of the mistakes were that the students were lacking concepts, or had
misconceptions of axioms, definitions, or course theorems. The condition also occurred with
students at the Mathematics Education Department from one of the universities in South
Kalimantan, Indonesia. The number of students who experienced the mistakes was 73.93%
(FITRIA, 2014). Moreover, research results also showed that all students at the Mathematics
Education Department from one of the universities in Central Kalimantan, Indonesia were
unable to prove all the problems available (MAIRING; SYAHRAN; PANCARITA;
SUPARMAN, 2018).

The abstract nature of the course concepts caused the students to have difficulties.
Students needed to elaborate knowledge, so they reached some appropriate levels of
abstraction, and be able to solve the problems (DUBINSKY; MCDONALD, 2018). The
elaborated knowledge also helped students construct mental images of the concepts,
understand the problems, develop plans, and see proof paths. The images made the abstract
nature of the course become more contextual in their minds (POLYA, 1973; WEBER, 2001).

The elaborated knowledge was as follows. The first knowledge was mental images of
the data, targets, and conditions of the problems. The second was the knowledge of
approaches or strategies for proving the problems. The first and second were strategic
knowledge (WEBER, 2001). The third was an understanding of concepts related to the
problems. The fourth was an understanding of problem-solving heuristics. The heuristics were
understanding the problem, developing plans, carrying out the plans, and practicing the
activities of looking back (POLYA, 1973). The fifth was the knowledge internalized from
experiences in solving previous isomorphic problems (MAIRING; BUDAYASA,; JUNIATI,
2011).

Lack of knowledge made the students unable to prove the problems (MAIRING,
2017). Examples of the lack of knowledge were as follows. The students were not able to
determine the set in the problems, or they were not able to construct appropriate mental

images based on a meaningful understanding of concepts related to the problems. They could

Bolema, Rio Claro (SP), v. 35, n. 70, p. 1000-1015, ago. 2021 1001



ISSN 1980-4415
= DO hitp://cx.doi.org/10.1590/1980-4415v35n70a20

not develop appropriate plans because their experience was limited in proving previous
problems. Besides, they did a reducing abstraction level that proved a true statement utilizing
the statement which was true for some numbers or some members of the set (DUBINSKY;
MCDONALD, 2018). It means the actions chosen and practiced by the students on the group
concepts were not integrated into the process. Therefore, the failure in doing the integration
prohibited the students to elaborate knowledge (HAZZAN, 1999; TALL, 1999).

Learning Abstract Algebra should enable students to develop the ability to solve
problems. They could increase the ability by practicing problem-solving activities in a PBL
(problem-based learning) environment. PBL is a learning method in which mathematics
problems are the center of students’ activities (ARENDS, 2012). The problem itself is a
mathematics question in which the solution is not immediately visible to the students
(MAIRING, 2018). There are two types of problems, namely a problem to find and a problem
to prove. The main goal of the problem to find is to seek a particular object which is unknown
to the problem, while the main goal of the problem to prove is to show a statement is either
true or false (POLYA, 1981).

The learning activities of the method were as follows. First, the lecturer posed some
mathematics problems. Second, students in each group solved the problems cooperatively.
Third, a student from each group wrote a solution to the problem and explained it in front of
the class. Fourth, the lecturer facilitated class discussion to reflect and evaluate the solutions
by asking some metacognitive questions, such as “Why was this particular line like that?”,
“What were the theorems or axioms used in the line?”, or “What were the mathematical truths
underlying the line?” Such questions helped students reduce the abstraction level, so they
successfully proved the problem at an appropriate level. Fifth, the lecturer also facilitated
discussion to develop other means of solving problems. Sixth, the students reached their
conclusions (MAIRING, 2018).

The advantages of the method were as follows. The method promoted students’
interaction and participation (GRAAFF; KOMOS, 2003; LEAL JUNIOR; ONUCHIC, 2015).
Students developed creative thinking by developing different means of solution (BALTACI;
YILDIZ; GUVEN, 2014). Also, using the method increased the students’ ability to solve the
given problems (FATIMAH, 2016; SALSABILA; RATNANINGSIH; HADI, 2015;
SARININGSIH; PURWASIH, 2017; SYAFMEN, 2013) and their critical thinking (HAMID,
2012; ROSA; PUJIATI, 2016).

Previous experiences of the researcher, as the lecturer of the course, showed that

students needed time to learn Abstract Algebra concepts in class. The students were not able
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to solve problems if they lacked concepts. However, learning activities focused on learning
the concepts provided students fewer opportunities to practice problem-solving. The condition
could be overcome by bringing students who learned the concepts by themselves out of class
time. They used the concepts to solve the problems later in the PBL environment class.

Such learning could be done by using digital media. Students learned to construct an
understanding of axioms, definitions, theorems, and proofs of Abstract Algebra by watching
videos by themselves on YouTube channels before class time. If there were questions or non-
understandable concepts in the videos, the students would write them on the question sheets
and send them digitally to the researcher before the class meeting. The researcher discussed
the questions in the class to overcome the condition. Furthermore, they used the
understanding to solve some mathematics problems in the students’ worksheets cooperatively.
Such learning could improve the quality of learning activities (OKUR; DIKICI; SANALAN;
TATAR, 2011; ZAFFAR; QURAISHI; ANSARI, 2013).

The previous problematic conditions in the Abstract Algebra course should be solved
by implementing learnings that integrated the PBL method, the digital media (videos), and the
worksheets. The research aimed at describing the effect of the implementation to improve
students’ ability of solving Abstract Algebra problems. The ability was indicated by scores
obtained by the students on a test containing the problems. The students came from the
Mathematics Education Department in Central Kalimantan, Indonesia in the academic year of
2018/2019. The researcher developed and uploaded the videos on YouTube. The students
could learn with the videos anytime and anywhere independently.

Other lectures or researchers could use the learning method of this research to improve
students’ ability to solve the problems in other courses that contained mathematical problems
to prove such as Real Analysis, Linear Algebra, or Graph Theory. The ability to solve the
problems is classified as HOTS (higher-order thinking skills) (MAIRING, 2018). The
increasing ability will improve the students’ thinking skills. Moreover, such learning helps
students acquire ways of thinking, confidence in unfamiliar situations, and habits of
persistence (NCTM, 2000).

2 Methods
The researcher conducted the research in eight stages. They were defining research

problems, formulating hypotheses, collecting scores of initial abilities, developing research

instruments, implementing the methods in experimental class, conducting post-tests,
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analyzing data, and drawing conclusions (COHEN; MANION; MORRISON, 2007,
LODICO; SPAULDING; VOEGTLE, 2006).

2.1 Research Design

The research type was an experimental study. The treatment in the experimental class
was the PBL method integrated with videos and worksheets symbolized by 7,. The students
of the control class learned using a method applied in the past three years, namely the usual
method symbolized by t,, The usual method focused on understanding Abstract Algebra
concepts in the class, then the students practiced solving problems in the remaining time. The
implemented methods were the independent variable of the research.

The students in both classes used the same module of Abstract Algebra and completed
the same post-test. The post-test contained some problems to prove. The post-test score of
each student was symbolized by y;; where i was an index for the learning methods (i = 0, 1),
and j was an index for the students. The scores indicated the students’ ability to solve
problems (dependent variable).

There was an extraneous variable that might influence the dependent variable. The
variable was the initial abilities of prerequisite materials of Abstract Algebra. The materials
were mathematical logic and number theories. The students learned the materials in Basic
Mathematics and Number Theory courses, respectively. The students’ average course scores
was the initial abilities symbolized by A;;. The researcher controlled the extraneous variable
by accommodating it into a mathematical model of covariance analysis (LODICO;
SPAULDING; VOEGTLE, 2006). The model was

Yij = H+ T+ BA; €

where €;; were residuals.

2.2 Research Instruments

Research instruments were learning kits and post-test. The experimental class kits
were lesson plans, videos, Abstract Algebra modules, students’ worksheets, question sheets,
and quizzes. The researcher developed and uploaded the videos on jackson mairing’s
YouTube channel. The worksheets and quizzes contained some problems to prove. The

control class kits were lesson plans of the usual method, modules, quizzes, and post-test.
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The learning scenario of the experimental class was as follows.

Preparation

1.

The researcher developed and uploaded 26 videos of Abstract Algebra materials on his
YouTube channel. The concepts of the videos were group definition, examples or non-
examples of the group, group theorems, subgroup definition, and examples and non-
examples of the subgroup.

The researcher divided the students into heterogeneous groups of 4-5 members based on

the initial abilities. Each student had numbers 1, 2, 3, 4, or 5.

Before the meeting

1.

The students learned the Abstract Algebra concepts by watching the videos on the
provided YouTube channel and solved the problems in the worksheets. They wrote non-
understandable concepts in the question sheets and sent them to the researcher digitally.
The researcher posed problems in the worksheets to the students (the first step of PBL).
The students in each group discussed the questions and problem solutions in the

worksheet. All students had to learn all the solutions (the second step of PBL).

During the meeting

1.
2.

The researcher facilitated discussions intended to respond the questions in the sheets.

The researcher posed a problem in the worksheet and called students with a certain
number in each group to write a solution to the problem. They wrote the solution at the
same time on the whiteboard in front of the class. The researcher asked some students to
explain the solutions. The researcher facilitated class discussion by posing some
metacognitive questions. In addition, the researcher guided the students by asking
questions according to Polya’s heuristic such as “What was the known facts?”, “What
was the target?”, “What was your plan to prove the problem?”, “How did you prove it?”,
or “How were you sure that the proof was correct?” (the third step of PBL).

The researcher facilitated class discussion to evaluate the solutions (the fourth step of
PBL), and to develop other means for proving the problems (the fifth step of PBL).

The researcher called students several times with different numbers in each group to write
and explain the solution of another problem in front of the class. The activities were
repeated until all the problems in the worksheet were presented and discussed.

Some students concluded the theorems or the solutions (The sixth step of PBL).

The researcher informed that Abstract Algebra concepts, videos on YouTube, and
problems in the worksheet should be learned or solved by the students before the next

meeting.
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The students solved the first and the second quiz at beginning of the third and sixth
meetings, respectively. The researcher used the quiz scores to assess the development of
students’ proving skills. The students reflected on their solutions to the quizzes in the fourth
and the seventh meetings. Furthermore, students solved the post-test that contained five
problems to prove at the end of the implementation. All students in the experimental and
control class solved the same post-test. The problems were as follows.

1. Isthe set of Z with operation * defined by x * y = xy + y a group? Explain your answer.
2. Is the set of Q — {0} with operations * defined by x xy = % a group? Explain your

answer.

3. Let G is an abelian group, and n is a certain integer. Prove that {a € G | a™ = 1} is a
subgroup of G.

4. Let H is a subgroup of an abelian group G. Prove that H is also an abelian group.

5. Let H and K are subgroups of abelian group G. Prove that HK is a subgroup of G.
2.3 Population

The population was all students at the Mathematics Education Department in one of
the universities in Central Kalimantan, Indonesia in the academic year of 2018/2019. They
were two classes, A and B, in which the number of students was 32 and 28, respectively. The
students having odd identity numbers were in class A, and the others were in class B. The
researcher selected the experimental class randomly. The result was class A as the

experimental class and the control was class B.
2.4 Data Collection

There were two kinds of data in the research, namely the initial abilities, and the post-
test scores. The first data was the average of students’ scores of two prerequisite courses of
Abstract Algebra, namely Basic Mathematics and Number Theory. The scale of the scores
was 0-100. The first course contained a concept of mathematical logic. The second course
contained division and module concepts. The second data was students’ post-test scores of
Abstract Algebra. All students in both classes solved the same post-test. Each solution was
scored by a holistic rubric in Table 1. There were five post-test problems, so the maximum

score of each student was 5 x 4 = 20.
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Table 1 — The holistic rubric

Score Description
0 The student does not write anything in the solution sheet.
1 The student writes a solution, but the means of proving is inappropriate or non-understandable.
2 The student writes a solution, the means of proving is not appropriate, but the solution shows some
understanding of the problem or the Abstract Algebra concepts.
3 The student writes a solution, the means is appropriate, but the implementation is not fully correct.
4 The solution is correct

Source: Mairing (2018, p. 117-118)

2.5 Data Analysis

The researcher analyzed the data using a covariance analysis. The first hypothesis of

the analysis was as follows.
Hio: B =0 (There was no linear relationship between the initial abilities and the
students’ scores of Abstract Algebra)
Hi1:B #0 (There was a linear relationship between the initial abilities and the
students’ scores of Abstract Algebra)
The second hypothesis was as follows.
Hy,p:To =7, =0 (There was no effect of the different treatments on the
students’ scores of Abstract Algebra)
H,,:atleastaithatt; # 0  (There was an effect of the different treatments on the
students’ scores of Abstract Algebra)

The researcher examined the assumptions of the analysis before concluding the
hypotheses. The assumptions were the extraneous variable (the initial abilities) being
independent from the treatments, normal distribution of residuals, homogeneity of variances,
and linearity of the model (RUTHERFORD, 2001). The first assumption was satisfied
because the experimental class was selected randomly, so the treatment in the selected class
did not affect the extraneous variable. The researcher used the Kolmogorov-Smirnov’s test,
Levene’s test, and lack-of-fit test to examine the second, third, and fourth assumptions,
respectively. The researcher used Minitab 18 to examine the assumptions and to draw

conclusions from the covariance analysis.

3 Results

Descriptions of the results were divided into learning activities and students’ scores.
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3.1 Learning Activities

Before the meeting, the students in the experimental class learned Abstract Algebra
concepts by watching the videos on YouTube and then solved the problems in the worksheets
by themselves. The appearance of one of the videos could be seen in Figure 1. The students
wrote some questions about the videos in the question sheet. One of the student’s questions of

videos of 19 and 20 could be seen in Figure 2.
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Figure 1 — Appearance one of the videos
Source: Prepared by the author
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Figure 2 — One of the student’s questions in the question sheet
Source: Prepared by the author

The questions were as follows (translated into English).

In video 19: “Can we proof H # 0 by showing that H has an element but it is not the
identity?”

In video 20: “Can we prove that H is a group only by showing that H € G, because | think,
based on the second axiom (associative axiom) we can prove that H is group
since H € G and G is a group?”

Then, the students discussed the questions and the solutions in their groups.

In the experimental class meeting, the researcher facilitated discussion to respond the

questions in the sheets. Then, the researcher called the students with & certain number in each
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group to write and explain the solution in front of the class and facilitated class discussions to
reflect the solutions. In the 3rd and 6th meetings, the researcher administered quiz 1 and 2,
respectively. The problems in the quizzes were as follows.

Quiz 1: Let G is a group. Show that if x2 = 1 for all x € G, then G is abelian.

Quiz 2: Let A is a subgroup of B, and B is a subgroup of C. Prove that A is a subgroup of C.

3.2 The Students’ scores

The research results showed the averages of the initial skills of the control and the
experimental class were relatively the same. They were 67.20 and 67.47, respectively.
However, the mean of Abstract Algebra scores in the experimental class (= 8.56) was greater
than the control (= 6.21). If the scores were converted to a scale of 0-100, they were 42.8 and
31.05, respectively.

Table 2 — Summary of statistics of the initial abilities and the scores

Variable Groups N Mean StDev Variance Minimum Median Maximum
Initial Abilities Control 28 67.20 9.28 86.15 43.50 68.44 83.00
(scale of 0-100) Experiment 32 67.47 6.00 36.02 56.06 67.74 83.54
Abstract Algebra Control 28 6.21 1.97 3.88 5.00 5.00 12.00
(scale of 0-20) Experiment 32  8.56 4.52 20.38 5.00 6.00 20.00

Source: Prepared by the author

The same condition also occurred at the maximum scores. The maximum scores of the
initial skills in the experimental and the control class were relatively the same. They were
83.54 and 83, respectively. Moreover, there was a student in the experimental class who had a
maximum score of 20, whereas there was no such student in the control class (see Table 2).

The researcher examined the assumptions of the covariance analysis before carrying
out the analysis. The result of the Kolmogorov-Smirnov’s normality test of residuals was p —
value = 0.046 > 0.01 = «a, which meant the residuals had normality distribution with a
confidence level of 99% (see Figure 3). The result of the Levene’s test of variances
homogeneity was p —value = 0.014 > 0.01 = a, which meant the variances were
homogeneous with a confidence level of 99% (see Figure 4). The result of the lack-of-fit test
to examine linearity assumption was p — value = 0.705 > 0.01 = a, which meant the
model was linear with a confidence level of 99% (see Table 3). Therefore, the data had

satisfied all assumptions of a covariance analysis.
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Figure 3 — Result of Kolmogorov-Smirnov’s test Figure 4 — Result of Levene’s test
Source: Prepared by the author Source: Prepared by the author

Table 3 — The result of covariance analysis

DF Adj SS AdjMS  F-Value P-Value
Initial Abilities 1 172.42 172.418 17.42 0.000
Groups 1 78.08 78.084 7.89 0.007
Error 57 564.17 9.898
Lack-of-Fit 55 539.67 9.812 0.80 0.705
Pure Error 2 24.50 12.250
Total 59 818.93

Source: Prepared by the author

The result of the covariance analysis for the initial skills was p —value = 0 <
0.01 = a, which meant there was a linear relationship between the initial abilities and the
scores of Abstract Algebra with a confidence level of 99% (see Table 3). The relationship was
positively indicated by the positive coefficient of the initial abilities in the regression
equations of the experimental and the control class. The coefficient was 0.2238 (see Figure 5).
The positive relationship meant the increasing initial abilities caused the increase in the
Abstract Algebra scores.

-8 £ -4 2 [+] 2 4 6 8 10 12 14

The experimental class:
Abstract Algebra score = —6.54 + 0.2238 Initial Abilities

The control class:
Abstract Algebra score = —8.82 + 0.2238 Initial Abilities

Figure 5 — The regression equations of the experimental and control classes
Source: Prepared by the author

The result of the covariance analysis of the treatment (Groups) was p — value =
0.007 < 0.01 = «a, which meant there was an effect of different treatment to the students’

scores of Abstract Algebra with a confidence level of 99% (see Table 3). The effect was also
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indicated by the position of the regression line of the experimental class was higher than it
was in the control (see Figure 5). The Tukey’s comparison test also showed the effect of
different treatments, in which the scores of students in the experimental class were greater
than those in the control with a confidence level of 99% (see Table 4). Thus, there was an
effect of implementing the learning integrated with the PBL method, the videos, and the
worksheets to improve students’ ability to solve problems of Abstract Algebra.

Table 4 — Grouping information using the Tukey’s method and 99% confidence

Groups N Mean Grouping
Experiment 32 8,63395 A
Control 28 6,24691 B

Note: Means that do not share a letter are significantly different.
Source: Prepared by the author

One of the factors of students’ difficulties to solve problems was the reducing
abstraction level. The research result showed 17.9% of the students in the control class
reduced the abstraction level, whereas 4.8% of the students in the experimental class did the
same. Therefore, the number of students who did the reduction in the experimental class was

less than in the control class.

4 Discussions and Conclusion

The learning emphasized on acquiring knowledge of concepts and theorems in
Abstract Algebra class was not enough for students to develop the ability to solve problems.
Similarly, learning that gave students more time to practice solving problems, but was also not
enough (WEBER, 2001). In other words, learning should focus on acquiring knowledge and
practicing solving problems to improve their ability. However, such learning was time-
consuming.

The solution in this research was to implement the learning using the PBL method
integrated with videos and worksheets. The students in the experimental class learned the
materials of Abstract Algebra repeatedly using the videos at anytime and anywhere without
being bound by the limitation of time and place (RAHARJO, 2014), and they also solved
problems in the worksheets before attending the class. The activities in the class focused to
discuss and internalize the solutions in their understanding. Previous research showed that
such activities could increase students’ motivation and ability to solve problems (FATIMAH,
2016; RACHMAWATI; INDRARINI; FUAD; WULANDARI; MULYANTO, 2020; ROSA;
PUJIATI, 2016; SINDU; PARAMARTHA, 2018; PRASTITI, 2020). Whereas the students in
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the control class learned by the usual method emphasized on acquiring knowledge of
definitions, axioms, and theorems of Abstract Algebra. The research showed Abstract Algebra
scores of the students in the experimental class were greater than those in the control class
with a 99% of confidence level. Thus, PBL integrated with videos and worksheets affected
students’ ability to solve proof problems.

The skills improved through the activities of transactive reasoning covering the ability
to explain, clarify, justify, and elaborate the knowledge (SALSABILA; RATNANINGSIH;
HADI, 2015). The students in the experimental class did the activities during the class
presentations. First, the students of each group wrote their solutions in front of the class.
Second, some students explained the solutions. Third, the researcher or the students asked
some metacognitive questions. The questions were intended to encourage the students to
clarify and justify their solutions. Fourth, the researcher encouraged the students to elaborate
their knowledge to develop different means of solutions.

Those activities of solving various problems helped the students in the experimental
class to have a less reducing abstraction level. An example of the reduction was that the
students prove a set with an operation to be a group by using some numbers or some members
of the set during the class presentation. The researcher asked some metacognitive questions to
the students. Then, the researcher also asked the same questions to a student who was able to
prove the problems. The activities created cognitive conflict among the students. Reflecting
on the activities helped the students prove at an appropriate level of abstraction. The research
result showed the number of students in the experimental class experiencing the reduction is
less frequent than in the control class. Furthermore, creating such cognitive conflict could
improve the mathematical reasoning ability of the students when learning Abstract Algebra.
The improvement affected the students’ ability to prove problems (ILYAS; BASIR, 2016).

The increase on the ability was because the students actively constructed meaningful
understanding by themselves through learning using the modules and videos. The activities
were shown by all students sent the question sheets before each meeting. Furthermore, all
students learned to solve problems in the worksheets and discussed the solutions in their
groups. Each student had to learn all solutions in the discussion because the researcher would
call all students with a certain number in each group to write the solution of a problem and
justify the solution in front of the class. Such learning encouraged students to be actively
involved in constructing the understanding and improved their learning outcomes
(MAIRING, 2020).

However, the average of Abstract Algebra scores of the experimental class was greater
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than of the control class, but the average was less than the passing grade of 60 (scale of

0-100). In the experimental class, the average was 42.8 so the average should be increased at

least 17.2 (= 60 - 42.8). If it were converted to a scale of 0 — 20, it would become 3.44. The
research result indicated the initial abilities affected the Abstract Algebra scores. The
regression equation represented the effect was Abstract Algebra = —6.54 + 0.2238 X initial
abilities. If the Abstract Algebra should increase to at least 3.44, then the initial abilities
should increase to at least 15.37 (= 3.44/0.2238). Therefore, the average score in Basic
Mathematics and Number Theory courses should increase to at least 15.37 (scale of 0-100).
The research results reinforced theories stating that preexisting knowledge in the students’
mind affected their understanding of new knowledge (SKEMP, 1982; STERNBERG,;
STERNBERG, 2012).

The method of PBL integrated with videos and worksheets should be implemented
consistently, so the students can have the ability to solve problems. Further research aiming to
improve the ability to some certain targeted numbers needs to be done. For example, the
average of students’ scores of Abstract Algebra in the control class was 6.21. Some research
aiming to increase the average by at least 5.79 (= 12 — 6.21) needs to be conducted in the
future. The value of 12 was the passing grade of 60 converted into a scale of 0—20. Also,
research implementing the method in other courses that have the same characteristics as
Abstract Algebra, such as Linear Algebra, Real Analysis, or Graph Theory will be carried out

in the future.
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