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  Abstract: This research aimed to improve student achievement by 
implementing problem-based learning.  This action research is done in 
Fundamental Mathematics class of the students at Elementary School 
Teacher Education Department at the State University of Jakarta.  The 
student achievement reached in cycle 1 increased from 62 to 70 in cycle 2 
with t test= 3.088 and in cycle 2 from 70 to 78 in cycle 3 higher than the 
desired success target with t test= 2.829 showing that those are statistically 
significant at the 0.05 level. It can be concluded that implementation of 
problem-based learning can improve student achievement.

Introduction

Development of human resources in educational institution is a must in 

global competition era.  Competence of the organization determines its 

direction.  Competitive competence is a combination of knowledge, skill, and 

aQitute.  This competence can anticipate all of changes happening and create 

value added for organization to face all of the competition existing. 

Elementary school teacher candidates at State University of Jakarta in 

Indonesia come from a variety of senior high schools in different regions of 

Jakarta.  As elementary school teacher candidates, they will be a class teacher 



being competent in five studyfields.  The five studyfields they have to master 

as elementary school teacher candidates are mathematics, science, 

Indonesian language, social science, and civic education.  The four required 

mathematics courses are fundamental mathematics, arithmetic, geometry 

and measurement, and problem solving in mathematics.  Fundamental 

mathematics is one of the compulsory courses for elementary school teacher 

candidates required to complete.  

Despite this, students’ competency in Fundamental Mathematics has 

been a persistent problem as demonstrated by the low scores of Fundamental 

Mathematics test which were less than 60.  These scores were obtained using 

the pencil and paper multiple choice test which assessed the teachers’ 

knowledge of exponents operation as shown in Table 1.

Table 1. Multiple Choice Test 
Number of 
questions

Concepts

20 Application of set theory
For example:
Choose the best answers.
If S= {1,2,3,..., 10}, A= {1,2,3} and B= {3,4,5,6}, Find    
A 
a. {4,5,6}  b. {7,8,9,10}   c. {4,5,6,7,8,9,10}  d. {  }



20 Application of set operations
For example:
Choose the best answers.
A=  {a,b,c,d,e}, B= {c,d,e,f} and C= {d,e,f,g}, find:
(A ∩ B)  ∩ C

a. {a,b}        b. {c,e}          c. {d,e}         d. {a,d} 

An additional persistent dilemma has been low level of participation 

and engagement in class activities among the participants.  We observed that 

this was input because the type of teaching taking place in class.   That is, the 

teaching learning process in Fundamental Mathematics class was applied in 

the traditional teaching typically characterised as didactic instruction in 

which  information was presented to students to learn with liQle 

consideration of how that information was used.  The students siQing in the 

classroom were passive recipients of information.  In this teaching, the 

teacher was the sole information giver, undertaking lecturers to a large group 

of students.  The students were empty vessels waiting to be filled with 

information from the teacher.  There was no interaction between teacher and 

students, or between students themselves.  This teaching were typically 

driven by teacher talk, or as information giver, and depended heavily on 

textbooks for the structure of the course.  This condition caused the students’ 

independence in learning mathematics is very low.  

We believed that there was the need to refine Fundamental 



Mathematics instruction so to focus classroom learning on meaning making.  

The students possess unique skills, interests, and cultural backgrounds.  

They need to feel valued and to learn respect for others.  Students learn most 

effectively when they confront the problems and aQempt to solve it with 

information they already possess.  We believed that problem-based learning 

could provide the means for developing the know-how aspect of the 

students.  This approach will make the students comprehending and allow 

them to appreciate what they already know and develop their skills for 

achieving higher performance.  This research was conceived to improve the 

student learning achievement by implementing problem-based learning at 

Elementary School Teacher Education department in the State University of 

Jakarta.

The purpose of the study was to investigate the impact of using 

problem-based learning as an instructional methodology on student 

achievement, furthermore, I intended to document the process of 

implementation according to its cyclical impact on student performance.

Literature Review

Problem-Based Learning 



Problem-based learning is defined as the learning in the problem-based, 

complex, real-world problems by a systematic, student-centred enquiry 

process to motivate students to identify and research the concepts and 

principles they need to know to work towards the understanding of a 

resolution of a problem (Schwarb, Mennin, & Webb, 2001; Duch, Groh, & 

Allen, 2001; BarreQ, & Moore, 2011).  

Typically in problem-based learning, students work in small learning 

teams, bringing together collective skill at acquiring, communicating, and 

integrating information with a faculty tutor who act as facilitator of 

discussions and of learning rather than as a direct source of information 

(Schwarb, Mennin, & Webb, 2001; Duch, Groh, & Allen, 2001).  

Common characteristics of problem-based learning include:

a) encounter a problem which is to serve as a stimulus for learning, 

without doing any preparatory study in the area of the problem to think 

critically and be able to analyze and solve complex, real-world problems 

seQing in certain mental processes and behavioral changes (Schwarb, 

Mennin, & Webb, 2001; Duch, Groh, & Allen, 2001; Baden, & Major, 2004; 

Baden, & Wilkie, 2004; Tan, 2009).  

b) work collaboratively and cooperatively in teams and small groups 



with a high level of interaction with each other for peer learning, peer 

teaching and group presentations to demonstrate versatile and effective 

communication skills, both verbal and wriQen so that students 

understand that in order to relate their knowledge (Schwarb, Mennin, & 

Webb, 2001; Duch, Groh, & Allen, 2001; Baden, & Major, 2004; Tan, 2004).

c) find, evaluate, and use appropriate learning resources (Duch, Groh, & 

Allen, 2001).  

 Additionally, BarreQ, & Moore (2011); Baden, & Major (2004); Tan 

(2004) identified that problem-based learning focuses on students learning 

instead of the teaching and a change in the tutor’s role from that of instructor 

to that of facilitator.   It focuses on the processes rather than the products of 

knowledge acquisition.

It’s also stated that through problem-based learning, students will 

become independent inquirers having an emphasis on students taking 

responsibility for their own learning and self directed learning enabling 

students to create their own learning approach (Baden, 2003; Baden, & Major, 

2004; Azer, 2008).

Research Reports on Effectiveness of Problem-Based Learning

Research conducted by Koray, Presley, Koksal, & Ozdemir (2008) with 



85 pre-service elementary school teachers found that the problem solving 

skills of the pre-service elementary school teachers experiencing problem-

based learning were increase more than those experiencing traditional 

instruction.

Another study by Secer, & Ogelman (2011) with 30 8th grade students 

indicated that the students in the social problem-solving training program 

had statistically significant lower scores on physical aggression, anger, 

hostility, indirect aggression and total aggression than the students who did 

not undertake the program.

Additional Research on Connection Between Features of Effective 

Instruction and Impact on Achievement 

Another Gok, & Silay (2008) found that there were the effect of teaching 

cooperative problem solving strategies on physics students’ achievement, 

strategy levels, and problem solving aQitudes.  In this research, experimental 

procedures were carried out on second year upper secondary school students 

who aQended a lower socio-economic status secondary school in the fall 

semester of 2005-2006 academic year in Izmir, Turkey.   It was found that the 

average of the strategy teaching groups’ achievement, aQitude and problem 

solving was much higher than control groups’ achievement.



The research conducted by Gok, & Silay (2010) with the tenth grade 

students in Turkey aimed to examine the effect of teaching of the problem 

solving strategies on the students’ physics achievement, strategy level, 

aQitude, and achievement motivation found that problem solving strategies 

was more effective than conventional teaching.

Another study by Aka, Guven, & Aydogdu (2010) aimed to investigate 

the effect of problem solving method on science-process skills and academic 

achievement for 86 3rd class teacher candidates who aQended science 

teaching programme of Gazi Education Faculty.  The study indicated that 

experimental group students have higher mean scores than control group 

students in post science process skills and post achievement test. 

Methodology

Method

This study is an action research done in classroom of students in 

Elementary School Teacher Education Department in the State University of 

Jakarta in academic year 2006/2007.  This study was conducted over the 

course of 5 months in a Fundamental Mathematics course at Elementary 

School Teacher Education Department in the State University of Jakarta.   



Our study was grounded in the cycle of research outlined as Kemmis and Mc 

Taggart.  This model is a spiral model comprising four steps: planning, 

acting, observing, and reflecting (see Figure 1).  The diagram shows the four 

steps in action; the movement from one critical phase to another, and the 

way in which progress may be made through the system.  Faced with the 

problem, the action researcher will go through a series of phases (reflect, 

plan, action, observe) called the action research cycle to systematically tackle 

the problem.  One cycle of planning, acting, observing and reflecting, 

therefore usually leads to another, in which we incorporate improvements 

suggested by the initial cycle.

Figure 1. Action Research Model by Kemmis and McTaggart

There were also four steps in each cycle of this research comprising 

planning, acting, observing and reflecting to tackle the problem.  First cycle 

of planning, acting, observing and reflecting, led to the second cycle, in 

which we incorporate improvements suggested by the first cycle.  We did the 

same way for the second and third cycle.  The role of researcher in this study 



was a planner leader.  As a planner leader, a researcher observed the 

teaching learning process in Fundamental Mathematics class and continued 

with a plan of action discussed with a colleague as a collaborator. 

In step of planning of cycle 1, the researcher prepared the action in 

cycle 1 by making lesson plan using problem-based learning.   Furthermore, 

the step of action was done to implemented the plan.  This step was done in 3 

session as long as 150 minutes in each session.  The step of action done in 

cycle 1 was in the following: (1) the students as many as 30 were divided into 

6 groups consisting of 5 students in each group to enable the students work 

in small learning teams, bringing together collective skill at acquiring, 

communicating, and integrating information; (2) Students were presented 

with the same problem for each group to think critically and be able to 

analyze and solve complex problems; (3) the students solved the problems in 

group and worked in permanent groups organized their ideas and previous 

knowledge related to the problem and aQempted to define the broad nature 

of the problem.  Throughout discussion, students posed questions that 

delineate aspects of the problem that they do not understand.  These learning 

issues were recorded by the group and helped generate and focus discussion; 

(4) the students in groups reported the solution of the problems directly to 



the teacher.

In step of observation and interpretation of the cycle 1, the researcher 

together with collaborator recorded all events happening in teaching and 

learning process.  In this step, the effect of problem-based learning 

implemented in teaching learning process was observed.   This observation 

focused on the teacher and the students consisted of the Fundamental 

Mathematics test scores and the observation data as the effect of problem-

based learning implemented.  Feedback was done after observation had been 

finished not more than 24 hours.  

In step of reflection,  there was evaluation how far the effect of problem-

based learning on student learning achievement in cycle 1.  The result of 

evaluation was necessary to determine the next action developed in the next 

cycle.  Because the result hadn’t achieved the desired success target, the 

research was continued to the next cycle.

In the step of planning in cycle 2, the researcher revised the plan done 

in cycle 1.  The researcher prepared the action in cycle 2 by making lesson 

plan still using problem-based learning.   The steps of action done in cycle 2 

were in the following: (1) the students as many as 30 were also divided into 6 

groups consisting of 5 students in each group; (2) Students were presented 



with different problem for each group; (3) the students solved the problems 

in group; (4) the teacher facilitated and motivated the students to investigate 

the solution of the problems.  The teacher gave support and guidance to 

them to solve the problems.  Based on step of observation and reflection in 

cycle, it was found that the result hadn’t achieved the desired success target, 

so the research was continued to the cycle 3.

In the step of planning in cycle 3, the researcher revised the plan done 

in cycle 2.  The steps of action done in cycle 3 were in the following: (1) the 

students as many as 30 were also divided into 6 groups consisting of 5 

students in each group; (2) the teacher gave the different authentic problems, 

situation from a real life related to the students’ daily activities for each 

group to connect what students already knew to the new information, so the 

students were stimulated to explore their own agendas; (3) the students 

solved the problems in group by reviewing the broader structure of the 

problem and finding some potential strategies for a solution.  Students chose 

the best strategy for problem solving; (4) the students used manipulatives 

that they could model abstract concepts concretely; (5) the teacher 

monitoring and evaluating how the students built new understanding in 

finding the solution of the the problem.  The teacher directed students 



toward producing the solution.   In this teaching learning process, the teacher 

allowed the students to progress at their own rate and evaluated their own 

progress; (6) the teacher facilitated and motivated the students to investigate 

the solution of the problems; (7) The students reviewed their solutions by 

asking themselves whether the answer made sense, whether the solution met 

the criteria, and whether their solution was viable.  The students also 

reflected on their learning considering whether they had done beQer.

Participants

Subject in this research was 30 students enrolled in Fundamental 

Mathematics class at Elementary School Teacher Education Department in 

the State University of Jakarta.  

Data Collection Procedure

The techniques of data collection were observational data and 

achievement test data.  Observational data were needed to determine the 

quality of problem-based learning as implemented in class.  Observational 

data was collected by observing teaching learning process in Fundamental 

Mathematics class focused on  9 categories as shown in Table 2 in cycle 1, 2, 

and 3 using observation sheet.  
Table 2. Observational Data

No Categories Rating



1 Students’ participation in solving the problems 
2 Students’ creativity to solve the problems 
3 Students’ responsibility for their own learning
4 Students’ engagement in teaching learning 

process
5 Opportunities for the students to interact with 

each other
6 Confident in students’ knowledge of the content
7 Students’ ability to work collaboratively with 

others
8 Students’ independence in solving the problems 
9 Improved critical thinking skill of the students

Achievement test data were used to collect the data about student 

achievement associated with the use of this instructional methodology 

demonstrated by the Fundamental Mathematics test in cycle 1, 2, and 3 

shown in Table 3, 4, and 5.  
Table 3. Achievement Test in Cycle 1

Number of 
questions

Concepts

10 Linear equations
For example:
The first of two film lasted 3 minutes less than twice as 
long as the second.  Together the two films lasted 132 
minutes.  How long was the first film?

10 Linear inequalities
For example:
Width of a square is 5 cm less than its length.  If the 
perimeter is 42 cm, how is the length and width?

Table 4. Achievement Test in Cycle 2



Number of 
questions

Concepts

10 Quadratic equations
For example:
A rectangle has the width 5 cm less than its length.  If its 

area is 150 m², how is the length and width?
10 Quadratic inequalities

For example:
A rectangle land has length 10 m more than its width.  If 

the minimum of its area is 200 m², how is the length and 
width?

Table 5. Achievement Test in Cycle 3
Number of 
questions

Concepts

30 Relation and Function
For example:
Transportation from Surabaya to Jakarta can use bus, train, 
car, boat, and airplane and from Jakarta to Medan can use 
boat and airplane.  
Questions:
a. How many ways of transportation from Surabaya to 

Medan through Jakarta?
b. How many different ways can you solve this problem?

Validity test in this research was data triangulation meaning that data 

were inspected by the expert.  Triangulation is done by using various data 

source to improve the quality of evaluation.

Data Analysis

Data analysis technique consists of three phases: data reduction, data 



display, and conclusion.  Data reduction was done by selecting, determining 

the focus, simplifying, making summary, displaying data in frequency 

distribution, frequency histogram, mean, variance and deviation standard, 

and t-test.  

Interpretive analysis was done once the study was completed.  

Improvement of students’ scores in each cycle could be categorized as the 

success of teaching and learning process due to implementation of problem-

based learning.  Researcher described the students’ test scores interpreted 

narratively.  The mean scores in test was compared to the success target as 

many as 75.  

Result and Discussion

The test scores of the participants diy cycle 1 are illustrated in Table 6.  

The mean score of the participants was 62 with a variance of 98.724 and 

standard deviation of 9.936.  
Table 6. Test Scores in Cycle 1

Test Scores Number of Students



30-39
40-49
50-59
60-69
70-79
80-89
90-99

1
3
11
7
5
2
1
30

Based on the classroom observations focused on student behaviors 

and activities, there were some observations revealed that only some 

students participated in groups to solve the problem.  Moreover, there was 

low level of students’ creativity to solve the problems based on only few 

students posing the questions and exhibiting curiousity when working in 

groups.  There was only low level of students’ responsibility for their own 

learning.  There were ample opportunities for the students to interact with 

each other and many students actively collaborated with peers to solve 

problems in group.  It appeared that there was medium level of students’ 

engagement in teaching learning process.   Furthermore, there was a slight 

improvement in students’ ability to work collaboratively with others since 

some students dominated group discussions.  There was also low level of 

students’ independence in solving the problems.  Finally, there was also liQle 

evidence of improvement of students’ critical thinking skill since only few 

students showed different ways to solve the problems.



Because the mean of Fundamental Mathematics test scores of the 

students in cycle 1 was 62 (which was less than the success target of this 

research), the research was continued to the cycle 2.

The test scores of Fundamental Mathematics class in cycle 2 are 

illustrated in Table 7.  The mean score of the participants was 70 with a 

variance of 102.586 and standard deviation of 10.128. 
Table 7. Test Scores in Cycle 2               

Test Scores Number of Students
30-39
40-49
50-59
60-69
70-79
80-89
90-99

1
2
1
7
15
3
1
30

 Based on the classroom observations focused on student behaviors 

and activities, it was noticed that there was low level of students participated 

in groups to solve the problems.  Additionally, there was an improvement of 

students’ creativity when solving problems based on some students posing 

the questions and having big curiousity in solving the problems in groups.  

There was significant improvement in how students took charge of  their 

learning.  There was middle level of improvement in students’ engagement 



in teaching learning process since some students in each group actively built 

new understanding and shared it to others.  There were many opportunities 

for the students to interact with each other observed from many students 

being involved working collaboratively with other students to solve 

problems in group.  Finally, there was also a middle level of students’ critical 

thinking skill. 

Because the mean of Arithmetic test in cycle 2 was 70 which was still 

less than the success target and only slight improvement on the quality of 

problem-based learning observed, our research was extended to an 

additional cycle to the cycle 3.  

The test scores of the participants diy cycle 3 are illustrated in Table 8.  

The mean score of the participants was 78 with a variance of 137.345 and 

standard deviation of 11.719. 
Table 8. Test Scores in Cycle 3

Test Scores Number of Students
30-39
40-49
50-59
60-69
70-79
80-89
90-99

1
2
1
7
15
3
1
30

Observation of target behaviors exhibited by students revealed that all 



students participated in groups to solve the problems.  Moreover, there was 

much improvement in students’ creativity to solve the problems.  Students 

showed high level of involvement and engagement in learning since almost 

all of them answered questions. There were many opportunities for the 

students to interact with each other.  Furthermore, there was high level of 

improvement in students’ ability to work collaboratively with others and 

confidence of the content knowledge.  Finally, there was high level of 

students’ independence in solving the problems and critical thinking skill.

Following the completion of cycle of the research, the Fundamental 

Mathematics test was administered again and the mean scores of the 

students reached 78 which was more than the success target of this research 

as many as 75 and there was much improvement about the quality of 

problem-based learning observed in cycle 3.  

Comparative data on the mean scores of the Fundamental Mathematics 

test following each cycle is illustrated in Figure 2.  

Figure 2. Test Scores in Cycle 1, 2, and 3

As illustrated in Figure 2, the mean Arithmetic scores of the students in cycle 

1 and 2 is increasing from 62 to 70 with t test = 3.088 showing that it is 



statistically significant at the 0.05 level.  The mean score of Arithmetic test in 

cycle 2 increased from 70 to 78 in cycle 3 with t test = 2.829 showing that a 

statistically significant improvement at the 0.05 level.  

Implementation of problem-based learning in teaching learning process 

improved students’ motivation to solve the problem in different ways so that 

they were more engaged and productive.  Furthermore, problems energized 

students’ activity and focused their aQention.  With this approach, the 

students also finished solving the problem at different rates.  In solving the 

problem in groups, the students developed essential skills in thinking, 

communication, and self-management.  Consequently, they were more likely 

to engage confidently in the learning process.  When students achieved 

success in solving the problem, their confidence to tackle other independent 

task increased.  Finally, using this approach led to improve achievement of 

the students’ achievement.

Conclusion

Because the student learning achievement in cycle 3 was higher than the 

success target of this research and we suggest that problem-based learning 

focusing on learner can provide opportunities for internationalization of 



education.

Implication

The result of this study can help professional development ways to 

improve the quality of teaching and learning using the problem-based 

learning leading to internationalization of education.
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