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Abstract. The major objective of this study was to investigate the effectiveness of the PIPEK 

model in learning modern algebra. This study was to identify the effects of the use of PIPEK 

model on students’ engagement and students’ learning in modern algebra course at Mathematics 

Department in Semester 2, 2020. During this study, the students completed achievement test and 

questionnaire. The study revealed that, in terms of surface strategy, students tended to memorize 

formulas and the method for solving problems. Moreover, students still relied heavily on the 

lecturer's instructions; Particularly, related to the aspects of the attitude, student participant 

generally found modern algebra as a boring and difficult course. Futhermore, students felt 

stressed and anxious; The findings related to the behavioral aspect indicated that although 

student’s attention were high, they were not diligent in accomplishing independent work task. 

The finding also demonstrated that, the level of mastery achievement of student learning 

outcomes has not achieved classical completeness. However, the PIPEK model has given 

students the opportunity to engage more in student center learning process.  

Keywords:  PIPEK Model, engagement, modern algebra, students' learning 

1.  Introduction 

Algebraic structure as part of modern algebra is a subject with a strict axiomatic deductive structure. 

The algebraic structure is full of definitions and theorems so that students in studying them are required 

to be able to prove theorems, and can take advantage of existing definitions and theorems in solving 

problems which are generally in the form of proof ([1] ; [2]; [3]; [4] and [5]). Thus, learning algebraic 

structures by relying on lecturer-centered activities by strengthening memory in memorizing concepts 

is ineffective. Learning algebraic structures requires student activeness to think, namely mental, 

physical, and emotional cooperation in capturing, processing, storing, retrieving, transforming 

information into new structures, and using new knowledge. 

Learning modern algebra requires an interactive learning model based on psychological constructs and 

sociological constructs so that students can interact with each other in solving the algebra problems. One of 

the models in learning algebraic structures that has been developed by [6]  is interactive learning based on 

concept maps (abbreviated as PIPEK Model). This model is based on the philosophy of cognitivism and 

constructivism. The focus of learning is not only on what is done (student behavior), but also on what is 

thought when students do activities. In this study, the model was applied to see its effectiveness in terms of 

student involvement and achievement in learning modern algebra. 
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2.  Literature Review 

Learning mathematics is not just about knowing definitions and theorems to recognize when they are 

used and applied. [7] states that learning mathematics is like doing mathematics at least in one important 

way. At each stage of learning mathematics, students have several concepts and methods that they 

already known and understood. Furthermore, individuals using their mathematical knowledge 

effectively in various contexts need to have several mathematical competences. 

In learning mathematics, student need to know what the object of mathematics is. Begle ([8]) 

argues that the object of mathematics consists of facts, concepts, operations, and principles. Meanwhile, 

The two kinds of objects in mathematics, namely direct objects, and indirect objects. Direct objects 

consist of facts, skills, concepts, and principles. Meanwhile, indirect objects consist of proof of theorem 

(theorem proving), problem solving (problem solving), transfer of learning, intellectual development 

(working individually), working in groups. and positive attitudes. 

In relation to learning modern algebra, a student will find it easier to learn the material at hand, 

if the student has understood the prerequisite material [9]. This is necessary because the hierarchy nature 

of the material in the algebraic structure is strong. Weaknesses over mastering the previous material or 

prerequisite material will make it difficult to learn the next material. Understanding of prerequisite 

materials such as binary operations on sets greatly affects the success of students in studying groups. 

Likewise, if students do not have difficulty in group study, it will be easy for students to learn material 

about the ring. 

In addition, [10] suggests six categories of thought processes known as Bloom's Taxonomy, 

namely (1) remembering, (2) understanding, (3) using (application), (4) analyzing, (5) synthesizing, and 

(6) evaluate. For example, a student at one time was asked by his lecturer to mention the definition of a 

group, because he had memorized the definition of a group so he could speak the definition of a group 

fluently. In the process of answering, the student uses thinking activities to remember with or without 

understanding its meaning. If there are other students who try to answer the same question but do not 

memorize the definitions and only try to express their characteristics in their own sentence structure 

even though they may not be fluent, then it is said that the student has understood the concept of groups. 

From the description above and regarding to the material in the modern algebra, it can be 

concluded that the ability to think logically is needed in working on proof problems. Thus, the inability 

of students to think logically, especially in understanding the relationship between premises and 

conclusions in a proof of problem, will result in the student having difficulty in proving that problem. 

This will appear in the mistakes that student made in every step of the proof. 

Particularly, in this study, modern algebra course was taught through the use of concept 

maps. The learning process was designed to be attractive so that it allowed students to interact 

optimally with other students. Students interacted each other so that it was easy for them to 

absorb the information provided by the lecturer if presented with an interesting concept map. 

In this study, the PIPEK model was applied in learning modern algebra to assess students’ 

engagement and students’ learning. 
Engagement is defined as the psychological investment of students in an effort to direct learning, 

understanding, or mastering knowledge, skills, or crafts that are academically intended to be achieved. 

Factors that influence student involvement in learning include being according to intrinsic desires, 

offering a sense of belonging, connecting with the real world, and involving some fun things that are 

more authentic and more likely to engage students. 

According to [11], learning task engagement refers to cognitive criteria, behavioral criteria, and 

affective criteria. There are several items related to cognitive and affective engagement according to 

[11], namely: (1) involvement of the cognitive aspects, by asking students to report factors such as 

attention to impairment, mental effort expended, task persistence in the face of initial failure, and 

responses during learning; (2) affective engagement, by asking students to rate their interest and 

emotional reactions to learning tasks on an index such as choice of activities, desire to find out more 
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about a particular topic, and feelings or excitement; (3) involvement behavior, which has a tendency 

that can be observed and conceptualized in terms of active responses to instructions. 

Cognitive engagement is closely related to academic engagement or learning approaches that 

involve ideas, recognition of the value of learning and the willingness to go beyond minimum 

requirements [12]. There are three approaches to learning, namely; Surface strategy (closely related to 

lower levels of learning outcomes - memorization, practice, test handling), in-depth strategy (closely 

related to higher levels of learning outcomes understanding questions, summarizing what is learned, 

linking new knowledge to a different way of learning long), and dependence (relying on lecturers). 

Behavioral involvement is closely related to student participation in class. Active participation in the 

classroom is indicated by adherence to classroom procedures, taking initiative in groups and classes, 

being involved in class activities, asking questions, crafting class attendance, and comprehensively 

completing assignments [11]. 

Student involvement in learning algebraic structures was investigated based on [11] criteria, 

namely involvement refers to cognitive criteria, behavioral criteria, and affective criteria by applying 

the PIPEK model. The syntax of the PIPEK model that was applied consists of 5 (five) phases, namely: 

(1) phase-1: Apperception; (2) phase-2: learning objectives; (3) phase-3: Organizing students in groups; 

(4) Phase-4: Creating a Scheme of Evidence; and (5) phase-5: Assessment. The term phase is defined 

as the steps taken by the lecturer in lectures. Thus, the phase describes a sequence of activities, but 

specifically for assessment activities, even though it is placed in the fifth (last) phase, it does not mean 

that the assessment is always carried out at the end of the lecture. Assessment can be done at the 

beginning, during or at the end of the lecture. Placing the assessment phase as one of the phases in the 

syntax of the PIPEK model, is intended to show that assessment is an important part of the PIPEK 

model. 

3.  Research Method 

In this study, the methods used, namely: mixed methods (a combination of quantitative and qualitative 

methods). The participants were limited to one class of 36 students who took the modern algebra course 

in the even semester of the 2019/2020 academic year in mathematics education program of FMIPA 

UNM Makassar. 

4.  Result and Discussions 

The results obtained from action research include that the PIPEK model can be implemented properly, 

through the following phases. 

a. Phase-1 Apperception: the lecturer reminds the material that has been taught previously, by the 

lecturer asking random questions to students. The answers from students were responded by other 

students, and finally the lecturer concluded the prerequisite material about the material to be taught 

at the meeting that day. 

b. Phase-2 Learning Objectives: the lecturer conveyed the learning objectives to be achieved at the 

meeting that day, and briefly delivered material about the concepts in the textbook related to the 

material to be taught. 

c. Phase-3 Organizing Students in Groups: the lecturer divides students into groups (this is attempted 

by each member of the heterogeneous group in terms of student academic abilities). Then asked to 

make a concept map of the material in the textbook guided by student worksheets (LKM). 

d. Phase-4 Creating a Proof of Scheme: students create a flow of proof based on a concept map that 

has been made from the proving questions. Based on this scheme, solving problems of proof can 

be carried out in the following steps. 

(1)  Understanding the problem (what is the problem?): Understanding what is known and 

understanding what will be proved. 
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(2)  Planning the proof (what will be show?): Finding a known relationship with the one to prove, 

selecting the theorems, or concepts that can be used in the proof. 

(3)  Carrying out verification: the validity of each step is checked (provide reasons for each step). 

(4)  Re-checking (evaluation): do the results match? What is known in the problem that everything 

has been used? And does the theorem or concept used meet the requirements? 

e.  Phase-5 Assessment: in this phase the lecturer provides an assessment of the student's work, based 

on the concept map developed and the results of the evidence carried out. In addition, student 

activities are also assessed in group assignments. 

Observations were made during the implementation of the PIPEK model. Based on the data, 

there was an increasing of percentage of the level of implementation of phases for each cycle, reached 

87% in cycle I and 90% in cycle II. The lowest increase occurred in phase 4 which is making a proof 

scheme. This fact indicated students still have difficulty finding the relationships with those to be 

proven, choosing theorems, or concepts that can be used in proof. In addition, in carrying out the proof: 

the validity of each step is not checked by the student (the reason for each step is not given), so it is 

difficult for the student to check again (evaluation): whether the results match or not; what is known in 

the problem has all been used or not; and whether the concept used meets the requirements. 

The results of qualitative and quantitative data analysis showed that: (1) student involvement 

from the cognitive aspect indicated that students can write definitions, theorems and other characteristics 

well. They generally memorized more so that the cognitive strategies used are surface strategies. 

However, they have not implemented an in-depth strategy, thus dependence on lecturers was still very 

high. The number of students who achieved very good scores (scores 86-100) reached 58.3%, good 

scores (scores 76-85) reached 27.8%, and poor scores (scores less than 76) were 13.9%; (2) The aspect 

of attitude involvement showed that they generally interested in the subject reaching 86.1%. In addition, 

the achievement orientation was very high about 58.3%, although 83.3% of them stated that the algebraic 

structure was difficult, boring, anxious, sometimes even frustrated; but (3) the behavioral aspect showed 

that student attention to lectures was very high, reaching 91.7%. However, their perseverance is still 

lacking if they get into a difficult problem, student participants did not try hard to solve it. 

 

5.  Conclusion 

The implementation of the PIPEK model in learning modern algebra can actively involve students in both 

cognitive, affective, and behavioral aspects. Students can interact dynamically in understanding concepts 

through the use of concept maps / mind maps. So that the PIPEK model can facilitate changes in teacher-

oriented learning patterns (centering on lecturers) to being student oriented (centering on students). Students 

have been able to determine well what is known, what is being asked / proven, and what will be shown so 

that the problem is proven. However, the main difficulty faced is carrying out proof, because they have 

difficulty linking the known concepts with the concepts that will be used in showing the proof. 
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