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ABSTRACT

Teachers often encountered difficulties or even failure in conducting the classroom due
to the students' inability to understand the learning materials. Most students find it's
challenging to associate their existing knowledge with the new one because of the
learning setting that they generally have. Teachers do not consider it important to set their
students for actively engaging in leaming, which eventually will impact their learning
outcomes. This research aimed at determining the effect of Problem-Based Learning with
Concept Mapping Technique on student learning activities. This quasi-experimental study
used one experimental class and one control class. The control class used STAD model.
The four categories of learning activities which were measured based on active learning
principles were engagement activities, cognitive skills, response to cognitive
development, and response to general educational outcomes. The result showed that

Problem-based learning with concept mapping technique is proven to have a significant
effect on students' activities. There were significance difference between experiment
class and control class.
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INTRODUCTION

Education is a systematic process that aims to improve human dignity holistically. The point is to actualize
the three most basic dimensions of humanity, including 1) attitude or affective which is reflected in the quality
of faith and piety, 2) cognitive which is reflected in logical and intellectual capacity, 3) psychomotor which is
reflected in the ability to develop technical skills and soft skills (Widodo, 2016). Those are the three domains of
learning that all teachers must know about them and be able to use them in each lessons. Learning in each
level of education must be interactive, fun, challenging, and motivate students to participate actively (Lau & Lee,
2015). This type of class will provide sufficient space for initiative and creativity following students’ development,
talents, and interests (Lian, Kristiawan, & Fitriya, 2018). Hence, it is fair to say that teaching designed by the
teacher must be oriented to student activities (Gore et al., 2017). Active learning evidently promotes the learning
process for all students. Using some of active learning approaches are also an effective tool in making the
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classroom more inclusive (Molenda, 2015; Yang, Zhang, Chen, Zhang, & Chen, 2017). Learning that advocates
active-involvement focus more on developing students’ skills than on transmitting information and therefore
require higher-order thinking (Koyama & Mizokamil, 2019). Student activity is student engagement in the form
of attitudes, attention, and activities. Through correct involvement, students are allowed to obtain and shape a
new set of competencies and skills (Surani & Suryani, 2015).

As a tool to creates the next generation, education plays an important role in shaping up the future of a
nation. However, the quality of education nowadays is still unsatisfying. Learning objectives still cannot be
completed properly (Yanuarta, Waluyo, & Suratno, 2014). In teaching and learning activities, students generally
only take lessons passively (Magana, Vieira, & Boutin, 2018). Students very rarely engage in contextual setting,
nor even applying their comprehension on day to day situation. The teacher's role is overly dominating,
instructional interactions only go in one direction. The instructional instruction such as instruction to a quiet in
classroom, students tend to not asking a questions and being shame to express their opinions. Students also
lose the opportunity to be creative, not enthusiastic to follow the lesson, and difficult to express ideas and
creativity (Rahmadani, Harahap, & Gultom, 2017).

One of the indicators causing learning difficulties is the chosen of delivery method. Determination of
strategies for teaching should follow psychological reviews, the nature of the learning material, tasks to be given
and expected learning situations (Forman, Ramirez-DelToro, Brown, & Passmore, 2017). This pedagogical skill
helps teachers to accomplish his/her learning objectives. The main weaknesses system among the three
shortcomings of the educational system in developing countries is incorrect selection of learning strategy. The
most chosen teaching method has been the direct method or expository learning or plain lecturing (Chatila &
Husseiny, 2016). Teachers consider this method as the most convenient since it doesn’t require many
preparations and time-saving. The conventional strategy only emphasizes students to memorize in each of their
learning. It may deliver students to get high grades in every level of education, but unfortunately, the grade
unable to reflect the real student knowledge achievements.

One of the solutions to overcome this problem is Problem-based Learning (PBL), this model was used to
implement a learning model that can provide a change of attitude for students when the learning process takes
place (Khoiriyah and Husamah, 2018; Lukitasari, Purnamasari, Utami, & Sukri, 2019). PBL can be an alternative
to overcome obstacles in achieving maximum learning outcomes. PBL is an appropriate learning strategy in
line with the 201-Curriculum (Sofyan & Komariah, 2016). PBL also congruent with the concept of constructivism
learning, which is to foster a creative and collaborative spirit, develop high-level thinking skills, increase
understanding, increase learning independence, facilitate problem-solving, and enhance learning achievement
(Mwanda, 2017).

PBL has been proven to influence motivation, critical thinking, problem-solving skill, metacognition, and
learning achievement (Abdurrozak et al., 2016; Danial, 2010; Kamble & Tembe, 2013). Moreover, some
previous studies on the effect of PBL on learning activities have been done (Dewi, Akbari, & Nugroho, 2019;
Safitri, Yennita, and |drus, 2018) and most of those study measured activity based on the learning experiences
that mostly emphasized on physical activity and measured using a self-developed instrument. One
disadvantage of PBL is to cause misconceptions due to students' self-directed learning (Arahmat, Suratno, &
Wahono, 2017). Mapping concepts are able to overcome these PBL weaknesses through the relationships and
linkages between concepts that are clearly described (Juhji, 2017; Negoro, Hidayah, Subali, & Rusilowati,
2018). Making a concept map aims to instill materials and as an indicator to the extent of the students'
understanding (Sasinggala, 2017). Concept mapping is a graphics technique showing information that is
hierarchically arranged and has connections between concepts in the form of graphics, images, or illustrations
(Juhiji, 2017).

In this study used PBL with validated-standardized instruments to measure student activity based on active
learning principles. The instruments not only consist of physical activity but also consist of student's mental
engagement and student’s response toward their learning. There are many sources, such as CLASSE, Copus,
TDOP, or Motivation and Study Process Questionnaire, are available to use by teachers, educators, and
researchers with license to validate this study. Furthermore, in this study also employs concept mapping as a
technique in presenting the results of investigations during the learning process. The implementation of concept
maps in the learning provides diverse benefits, one of them is to increase the activeness of students to ask
questions and train students' creative thinking (Ogonnaya & Abonyi, 2016). The function of concept mapping is
a tool to investigate what students already know in the form of concepts and used to measure the level of
understanding as one of the learning achievement (Maurisa & Abdullah, 2016). Moreover, to study biology
science appropriately, and science in general, a good cognitive structure is needed. The cognitive structure is
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the organization of information that includes facts, concepts, and generalizations that have been studied and
remembered by students. Therefore, this study aimed to measure the effect of problem-based learing and
concept map on students’ learning activities. This research will be very useful to be applied in schools, to
improve students' abilities in dealing with learning problems by using concept maps.

METHOD

This research design was a non-equivalent control group design, sort of quasi-experimental studies. Two
classes were involved as samples in this study. Indeed, the Problem-based Learning (PBL) model with concept
mapping technique was performed as the experimental class. Whereas, the Student Team Achievement
Division (STAD) model was applied as a control, which was a method belongs to the cooperative model that
frequently uses in the school. The population of this study was the eleventh science grade students of SMAN 1
Arjasa, Jember-East Java. The sample of this study were both the class of XI IPA 3 as the experimental group
and the class of XI IPA 5 as the control group. The samples were chosen by purposive random sampling. Data
collection was carried out by using questionnaires

Student activities in this study were observed using a modified Classes Student Instrument (Oumet &
Smallwood, 2005) and CLEAP (Savory, Goodburn, & Kellas, 2012). There were four domains of student
activities being measured, namely engagement activities, cognitive skills, responses to cognitive development,
and responses to general-education outcomes. These four domains were chosen because the items represent
fundamental aspects in determining student learning activities such as motivation, awareness for learning,
mental activities or thinking activities that occur while learning. Moreover, in total there were 49 items was
observed in the questionnaire. Students filled out the questionnaire after the learning period was over. The
differences in each domain or category of learning activity for treatment class or control class analyzed using a
t-test for independent samples.

RESULTS AND DISCUSSION

The data were collected from sixty-sixth secondary school students. They came from thirty-four students of
the experiment class and thirty-two students from the control class. Table 1 presents the average scores of all
measurements.

Table 1. The average scores
Average scores * SD

No Class Engagement - . Response to cognitive Response to general
2o Cognitive skills .
activities development educational outcomes
1 Experiment 81,2 £6,7 799+6,1 81,6 +8,1 78,7+6,9
2 Control 51,3 +8/1 522+95 53,3 £8,1 512+9/1

Table 1 shows the average scores of the experimental class are higher than the control class. The students’
response to cognitive development was the highest (81.6), while the student response to general-educational
outcomes got the lowest of the average score (78.7). The overall result was presented in the Figure 1.

The Average Scores

100.0 81.2 79.9 81.6 78.7
80.0 51.3 52.2 53.3 51.2
60.0
40.0
20.0
0.0
Engagement  Cognitive Cognitive  Educational
activity skills development outcomes

B Experiment ® Control

Figure 1. The average scores of four domains of student activities
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The score for each domain was then analyzed using an independent-samples t-test, the result was as
follows.

Engagement activities

The result of the independent sample t-test was described in Table 2 between the experimental class and
the control class shows that there is a significant difference in the engagement activities (p=0.000), by the mean
difference of 30.45. This result was in line with the result of Faridah, Ramlah, Norhasbiah, and Umar (2016);
and also Tarmizi, Tarmizi, Lojinin, and Mokhtar (2010) stated that problem-based learning is a teaching
approach that encourage students to participate actively in the process of learning. Problem-based learning
was considered to improve student engagement because it has several advantages. One of advantages is the
students are involved in learning activities, then the knowledge could be well absorbed (Khoiriyah & Husamah,
2018). Moreover, the students are trained to be able to work collaboratively, and they can attain any solutions
from various resources. Each student actively participates in the learning process and they were not just
listening. The students engaged in different activities such as discussion, planning, gain information and
produce solutions (Dewi et al., 2019).

Table 2. Independent samples t-test of engagement activities

Levene's test for
equality of variances

t-test for equality of means

o - -
Sig. (2- Mean Std. error 95% confidence interval of

F Sig. t of tailed)  difference  difference L the difference

ower Upper
Score Egs“jr'ng”a""es 1.675 200 16.918 64 000 3045349  1.80009 26.85740 34.04958
Equal variances 16.839 61250  .000 3045349  1.80848 26.83751 34.06947

not assumed

The term student engagement was used to describe the degree of attention, curiosity, interest, optimism,
and passion that students show when they are learning (Mandernach, 2015; Savory et al., 2012). Students are
engaged when they care about what’s going on in the classroom. This interest potentially makes the students
stay motivated to learn and get progress in their studies. Cultivating the intrinsic motivation is one of PBL’s goals
(Hmelo-Silver, 2004). The goals of PBL include helping students developing their flexible knowledge, effective
problem-solving skills, self-directed learning skills, collaboration skills, and intrinsic motivation.

Strengthening PBL with other methods would amplify its effect (Faridah et al., 2016; Hardjito, 2010;
Kurniyawati, Na'im, & Fawait, 2019). Indeed, the concept mapping is a meta-learning strategy that can be used
to develop students’ capacity to learn independently, a term that parallel with the objectives of PBL (Chiou,
2008; Johnstone & Otis, 2006). Furthermore, concept mapping is utilized as a useful tool for reinforcing
meaningful learning. This is achieved in part by facilitating knowledge capture and integration as well as
enriching meta-cognitive skills and student engagement. Brame (2016) stated that concept mapping is one of
the learning techniques that supports active learning. The technique helps students to examine and strengthen
their concept organization, recheck any misconceptions, and ultimately increase their understanding.

Cognitive skills
The result of the independent sample t-test showed that there is a significant difference in cognitive skills
between experiment class and the control class (p. 0.000) with the mean difference of 27.7 (Table 3).

Table 3. Independent samples t-test of cognitive skills

Levene's test for
equality of variances

t-test for equality of means

5 - -
Sig. (2- Mean Std. error 95% Confidence interval of

F Sig. t of tailed)  difference difference Lowe:he differest;)er
Score  Bqual variances g 463 003 14102 64 000 27.70551 196468 23.78062 3163041
Equal variances
aual varien 13923 52415 000 2770551  19.8987 23.71330 3169772

This result supported the studies by Bayat and Tarmizi (2012) and also Safitri, Bachtiar, and Rukman (2018)
that PBL has positive effects on procedural knowledge and mental load during the learning process. Cognitive
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skill is defined as a general mental capability involving reasoning, problem-solving, planning, abstract thinking,
complex idea comprehension, and learning from experience (Ones, Dilchert, & Viswesvaran, 2012). In other
words, a set of competencies formulated by Bloom is needed to process information gaining, ideas exchanging
to become a solutive and useful conclusion. The whole process in problem-solving and concept mapping
requires cognitive skills. The verbal interaction during group discussion, both in the experiment class and the
control class, represents the construction of concepts, data exploration, reasoning, evaluating and re-
evaluating, also theory building. Even the lower level of thinking, such as recalling was used regularly in making
conclusions.

Concept mapping is a technique to address both what students know and how students organize their
knowledge (Chiou, 2008). This technique provides a particular learning experience where students are
intellectually empowered through their learning. In the process of constructing the map, students are free to use
their scheme to make connections and create links. This such of freedom requires creativity and also boosts
confidence to take responsibility for their own learning.

Response to cognitive development

The result of the independent sample t-test was described in Table 4 between the experiment class and the
control class shows that there is a significant difference in students’ responses to cognitive development
(p=0.000) by the mean difference of 28.3.

Table 4. Independent samples t-test of response to cognitive development

Levene's test for
equality of variances

t-test for equality of means

5 - -
Sig. (2- Mean Std. error 95% confidence interval of

F Sig. t of tailed)  difference  difference Lowe:he differest;)er
Score  Fqual variances gy 961 14137 64 000 283112 200257 24.3105 323117
Equal variances
Eaual varian 14138 63762 000 283112 200254 243103 323119

Cognition refers to capabilities, including memory, thinking, reasoning, spatial processing, problem-solving,
language, and perception. Theories of cognitive development aim to explain the changing mechanisms rather
than merely to describe the capabilities of students based on their ages or level of education (Richland, Frausel,
and Begolli, 2016). The analysis of a mental process changing requires a complicated psychological approach.
The more practical approach is inferring from observable behavior through student responses (Gijbels, Dochy,
Van den Bossche, and Segers, 2005; Rotgans and Schmidt, 2011). There are some expressions such as bored,
happy, passionate, interested, and attracted, has considered being emotional involvement in the form of
appreciation of feelings, values, or attitudes. Moreover, by an assumption that students are being honest in
expressing their situation, students’ response illustrates the size of learning impact on their intellectual
development.

The efforts that showed by students either to understand a concept or to finish a task, sometimes only
superficial activities. Students were physically active, such as moving to other groups, searching for learning
sources, reading, or having peered talks (Richland, Frausel, and Begolli, 2016). However, after a long period of
the lesson or other reasons, those activities were only mechanical activities, without having a profound impact
on the students’ learning process. The measuring of student responses, the teacher knew certainly the extent
to which learning brings any changes to students' mental processes. Furthermore, If students realized the
positive impact of their learning, and they are satisfied with it, they would voluntarily engage in a new problem,
and eventually, the cycle of PBL starts all over again (Rotgans and Schmidt, 2011).

Problem based learning is a form of cognitive-constructivist learning. Students develop a concept about
phenomena described in the intended problem with the help of their peers. Moreover, self-directed learning
activities such as reading or browsing well serve to test students’ initial concept. Thereby, PBL could elaborate,
change, and depth the students’ understanding of the topic (Dewi et al., 2019; Rotgans and Schmidt, 2011).
The formation of new knowledge is a constructive process involving both the previous knowledge and the drive
to create new meanings, as well as a new way to represent these meanings. Therefore, this function is
supported by a concept mapping. However, the creative capacity did not favor all of the students. Some students
tend to finish their mapping tasks without investing a proper amount of effort. It is important for the teacher to
detect this kind of symptom and cracks it.
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Response to general educational outcomes

The result of the independent sample t-test showed that there is a significant difference in students’
responses to other educational outcomes between experiment class and the control class (p. 0,000) with the
mean difference of 27,5 (Table 5).

Table 5. Independent samples t-test of response to general educational outcomes

Levene's test for
equality of variances

t-test for equality of means

o - -
Sig. (2- Mean Std. error 95% confidence interval of

F Sig. t of tailed)  difference  difference Lowe:he differest:;er
Score  Equalvatances 5 472 121 13914 64 000 275037 197663 23555 314525
Equal variances
Eaual varian 13797 57588 000 275037 199340 23513 31,4945

Educational outcomes in this study were inferred from Savory et al (2012) that the outcomes are more
emphasized on student responses that are projected in the future interests. Some of the character building such
as openness, academic habit, self-confidence, decision-making skill, sensitivity towards social issues,
collaborative, and communicative skills are asked in the questionnaire with specific addition as how those
characteristics will help students in pursuing their career. The findings implied that students who more actively
engaged in their studies have a higher awareness of their future careers. The student eventually care about
their school performance as it will affect professional life. Education prepares for the future. Brame (2016) and
Van Amburgh, Devlin, Kirwin, and Qualters (2007) stated that students exposed to active learning are likely
more successful in life than the student who didn’t exposed to active learning. The approaches to learning are
central learner cognitive attributes that significantly shape the nature of engagement with higher education and
correlate with academic performance and also continuing professional development.

CONCLUSION

Problem-based learning with concept mapping technique is proven to have a significant effect on students'
activities based on the four domains of active learning that showed a significance difference between the
experiment class and the control class.
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