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This research aimed to examine the effects of problem-based learning with character 

emphasis and naturalist intelligence on the students' critical thinking skills and 

curiosity. This study was conducted at Islamic Senior High Scool in Mataram and it 

employed 3x2 treatment by level design. Three treatments; the problem-based learning 

with character emphasis (PBL-CE) (A1), the problem-based learning (PBL) (A2), and 

the regular learning (RL) (A3) were given to two groups; the students with high 

naturalist intelligence (B1) and low naturalist intelligence (B2). The data on the 

students' naturalist intelligence and critical thinking were collected through the test 

and the data on the students' curiosity was collected through self-assessment and 

observation sheets. The data were analyzed using MANOVA at 0.05 significance level. 

The results of the study showed that: (1) the PBL-CE affect the students critical 

thinking skills and curiosity, (2) the naturalist intelligence does not have a significant 

effect on the students critical thinking skills and students curiosity, and (3) the 

interaction between the PBL-CE and naturalist intelligence did not affect the students 

critical thinking skills and curiosity. PBL-CE can be applied as alternative learning to 

develop students' critical thinking and curiosity. 

Keywords: Problem-based learning, character emphasis, naturalist intelligence, critical 

thinking, curiosity. 

 

INTRODUCTION 

Learning does not only focus on academic performance but also develops and increases 

the capacity of students as a whole (Mak, 2014). Education must be managed so that it 

can produce thinking resources capable of building a knowledge-based social and 

economic order in the 21st century (Elmuhtarim, 2018; Patel et al., 2017), industry 4.0 

(Schwab, 2016), and society 5.0 (Skobelev, Borovik, 2017). Students must be trained to 

use the power of arguments, thinking skills, and morals or characters in education. 
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Students' capacity including skills, work habits, and characters that are believed to be 

essential to achieve a successful life (Anazifa, Djukri, 2017). They will face rapid and 

arduous changes in science and technology (Ritter, Mostert, 2016; Mapeala, Siew, 

2015; Rehmat, Bailey, 2014). In brief, critical thinking skills, characters, and curiosity 

are three pivotal capital for students to face the world changes which must be 

developed simultaneously in education. 

Critical thinking skills are an important aspect of modern education (Mouhtarim, 

2018; Walter, Walter, 2018), important competencies in the successful performance of 

students (Hasanpour et al., 2018), and the most important real-life skills (Mutakinati, 

Anwari, 2018). It is an essential ability that must be possessed by students in solving 

problems (Handoyo et al., 2019; Özgenel, 2018) and a process to make sound decisions 

(Özgenel, 2018) so that what we think is best about a truth we can do right. Critical 

thinking helps the student to define the cause of a change in a variable and the effect of 

one variable on other variables (Duran, Dökme, 2016). The essential things in critical 

thinking are practical, reflective, reasonable (Handoyo et al., 2019; Mutakinati, 

Anwari, 2018), beliefs, and actions. From this combination of five basic components, 

critical thinking is defined as reflective thinking that focuses on deciding what to 

believed to do. 

In the learning of science, students' critical thinking can be seen from the ability of 

students to respond to every problem about everyday life. Critical students tend to be 

more active in trying to solve problems (Handoyo et al., 2019), self-corrective thinking 

(Mutakinati, Anwari, 2018), and can better recognize and regulate their emotions  

(Yao et al., 2018). They actively clarify a problem by asking, looking at a problem 

from a different side, digging up important information related to the problem to be 

solved, daring to express their opinions and ideas to criticize solutions that he thinks 

are rational, and able to draw conclusions from solving existing problems. 

Curiosity is one of the educational aspects that must be developed in learning. 

Curiosity is defined as a willingness to explore something that is unknown, meet new 

things, and accept uncertainty (Arnone et al., 2011). It is a personality (Kaczmarek et 

al., 2014), an integral aspect of science learning (Weible, Zimmerman, 2016), and the 

importance that an individual should have as a requirement of learning (Gulten et al., 

2011). Students who have high curiosity are indicated by; enthusiastic to seek answers 

each question, attention to the observed object, enthusiastic on the science process, and 

put on every step of the activity (Nasution et al., 2018). 

Prior studies indicate that the students' critical thinking skills are not satisfactory. 

Critical thinking skills are still low (Khasani et al., 2019). Previous studies (Latifa et 
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al., 2017; Qing et al., 2010; Miri et al., 2007) reports that the students critical thinking 

skill is the lowest secondary school. The learning process that has been going on so far 

has not been able to improve critical thinking because cognitive aspects are only 

emphasized on results not on aspects of processes that involve critical thinking skills. 

In addition, the learning model applied by the teacher does not lead to the achievement 

of critical thinking skills. Practicing critical thinking requires a holistic approach 

using appropriate teaching modes that allow students to manipulate their cognitive 

processes to stimulate their critical thinking skills (Prayogi et al., 2018; Prayogi et al., 

2019; Wahyudi et al., 2019). The students curiosity in learning is also far from 

expectation. Ciptasari et al (2015) found that the students' curiosity is in a low 

category. Students' activity such as questioning or reading several relevant sources did 

not significantly increase in learning (Nasution et al., 2018). Therefore, it is necessary 

to make a serious effort by creating appropriate learning strategies for the continuous 

development of the students' critical thinking skills and the students' curiosity. 

Learning strategy is one of the external factors which affect the students' critical 

thinking skills and curiosity. Besides that, there are also internal factors, one of which 

is naturalist intelligence. Essentially, naturalist intelligence is a part of multiple 

intelligence possessed by humans. It involves sensitivity to problems or natural 

phenomena and the ability to distinguish between living and non-living things or 

beings. According to Roos (2017), students with high naturalist intelligence have a 

strong affinity for nature. Strong affinity is indicated by great interest in learning the 

topics related to nature and its phenomena. 

Classroom instruction is one of the efforts to develop the students' critical thinking 

skills and students' curiosity. Ideally, it ought to be designed to improve the students' 

academic performance as well as increase the students' curiosity. The learning models 

should be enriched with character education to helps schools develop students' morality 

(Dinkha, 2008). The instructional design which embeds character is important to make 

sure that the learning is also focused on character building, not a mere achievement of 

academic results. Designing and intervening in instruction systematically for creating 

a learning environment needs to be carried out and its effectiveness needs to be 

investigated in developing the students thinking skills (Tiruneh et al., 2018; Delaney et 

al., 2017).  

In the current research, the intervention in learning is the addition of character content 

to the syntax of problem-based learning which is later known as problem-based 

learning with character emphasis (PBL-CE). PBL-CE is a kind of PBL strategy 

designed by sharpening stages of the learning activities in order to strengthen the 

students' character and diversifying the syntax of PBL in terms of meaning in order to 

establish the students' character. Thus, the stages of the learning in PBL-CE are 



4  Title goes here 

 

 
enriched with activities that encourage the students to the practice of forming 

characters consciously or unconsciously, without ignoring the meaning in the syntax of 

PBL itself. 

Existing research applying PBL integrated with multimedia, and its significantly 

influences the students' critical thinking ability (Susilawati et al., 2018). However, 

practicing critical thinking with multimedia including virtual laboratories still does not 

expose learners to real-world situations, because the process of training critical 

thinking will be better when there is conduction between the topic being studied with 

the real-world context (Hofstein et al., 2001), so the virtual laboratory (virtual fields) 

cannot replace real laboratories (Cassady et al., 2008). Complex, contextual, and 

structural problems provide the students with an opportunity to develop their ability to 

think analytically, evaluatively, and reflectively and develop their creativity in 

exploring various information, develop various possible solutions, and create various 

sources to solve the problems faced (Tsai, Chiang, 2013). PBL increases the students' 

self-confidence, creates a supportive environment which leads to teamwork, enhances 

interpersonal communication and critical thinking skills, and build self-awareness 

(Moody et al., 2018; Aldarmahi, 2016). According to Aldarmahi (2016), PBL is useful 

for students in constructing knowledge, developing reasoning processes, improving 

independent learning skills, and increasing intrinsic learning motivation. This 

research seeks to find out the effect of PBL-CE and naturalist intelligence on the 

students critical thinking skills and curiosity. 

Problem of Research 

Facing the 21st century, education in Indonesia must be oriented to mathematics and 

science accompanied by social and human sciences (BSNP, 2010). Human resources 

needed are those who have the ability to think critically and solve problems (Eichmann 

et al., 2019; Osman, 2010; Oktay, Safak, 2012) and the ability to create and renew 

(Ertmer et al., 2014). The fact that occurs in Indonesian secondary schools, critical 

thinking skills has not become a serious concern in learning. The teachers’ do not 

consciously plan and carry out learning which only emphasizes low-level thinking 

skills. 

Education is not merely a function of transferring knowledge, but also as a driver for 

the development of noble values which are the basis for the development of good 

morals (Callina et al., 2018; Isdaryanti et al., 2018; Muliastuti, 2017). Good morals 

include curiosity. Therefore, schools must encourage students to be able to understand 

good moral values, have moral feelings, and finally have a strong commitment to carry 
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out what they know and feel in moral action. In fact the cultivation of noble values, 

such as curiosity is still not running optimally. The science teacher considers that the 

inculcation of character is mostly done by the teachers who teach the religious subject. 

In addition, an assessment of students curiosity aspects is carried out by the teacher in 

order to complete the teaching administration when supervising learning by the school 

principal. 

Constructivism learning activities include observing phenomena, collecting data, 

formulating and testing hypotheses, through collaboration with others. This is in 

accordance with the nature of science which includes the scientific attitude of science, 

scientific processes, and scientific products. The scientific attitude of science is related 

to curiosity, humility, openness, honesty, positive models of failure, and responsibility. 

The science process is related to thinking skills, which is the process carried out by 

scientists through scientific methods. Science products include scientific concepts, 

principles, and theories. But the reality is that the teacher of secondary schools in 

Indonesia is still dominant in implementing regular learning and the learning process 

is more dominated by the teacher. In fact, the regular learning model has not been able 

to develop students 'critical thinking skills and has not been able to accustom students' 

attitudes of curiosity. 

Research Focus 

This research focused on the effect of the PBL-CE on the students' critical thinking 

skills and curiosity, the effect of the naturalist intelligence on the students' critical 

thinking skills and curiosity, and the effect of the interaction between the PBL-CE and 

naturalist intelligence on the students critical thinking skills and curiosity. 

METHODS 

This was a quasi-experimental study conducted at secondary schools in Mataram – 

Indonesia, using treatment by level 3 x 2 design. Three kinds of treatments namely the 

PBL-CE (A1), the PBL (A2), and the RL (A3), were given to both the students with 

high naturalist intelligence (B1) and the students with low naturalist intelligence (B2) 

during the learning.  

The PBL-CE group is given PBL which is enriched by teacher activities that encourage 

the strengthening of student character. PBL groups are given learning with PBL 

strategies only. The RL group received learning as planned by the teacher. The lesson 
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was carried out on a biology course for 10 sessions on the topic of the ecosystem and 

environmental change by the same teacher in three groups. 

Participants/Group 

The research subjects (participants) involved three randomly selected groups from two 

secondary schools. Participants involved in the PBL-CE (A1) group were 56 students, 

PBL (A2) group were 58 students, and the RL group (A3) were 56 students. The 

grouping of the students into B1 and B2 was based on the rank of their naturalist 

intelligence test scores. Group B1 covered 50% of the students achieving high 

naturalist intelligence test score and group B2 included 50% of the students achieving 

low naturalist intelligence test scores. 

Instrument and Procedures 

This study measures two variables that are students' critical thinking skills and. 

students' critical thinking skills are measured by essay test instruments, and students' 

curiosity is measured by self-assessment instruments. In this study also developed 

instruments to measure the natural intelligence, this is used to distinguish participants 

with high naturalist intelligence and low naturalist intelligence. Therefore, each 

variable developed its own instrument. The stages of instrument development, namely; 

presentation of conceptual definitions of variables, operational definitions of variables, 

instrument lines, preparation of instruments, determination of content validity, and 

testing of instruments to determine internal consistency and instrument reliability.  

Determination of the content validity using the Lawshe method. The value of the 

content validity is indicated by the content validity ratio (CVR) after being validated by 

six experts. The instrument test was conducted on 40 students who were not research 

subjects. Based on the test results, the critical thinking skills test instrument consisted 

of 7 essay items having internal consistency ranging from 0,64 to 0,91 and the 

instrument reliability of 0,95. The 7 items students curiosity self-assessment 

instrument had internal consistency ranging from 0,40 to 0,78 and the instrument 

reliability of 0,88. The naturalist intelligence test instrument consisted of 29 items 

having internal consistency ranging from 0,32 to 0,63 and the instrument reliability of 

0,92. 

Data Analysis 
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The data on the students' critical thinking skills and curiosity scores were analyzed 

using descriptive and inferential statistics. The descriptive statistics were used to get a 

level of students' critical thinking skills and students' curiosity. The inferential 

statistics Manova was used to test the research hypothesis at the 0.05 significance 

level. 

RESULTS AND DISCUSSION 

Critical Thinking Skills 

The effect of the treatment of the PBL-CE and naturalist intelligence on critical 

thinking skills is seen from normalized gain scores (NGs). The comparison of NGs of 

the students thinking skills in the three groups is presented in Table 1. The average 

NGs in the PBL-CE group is higher than the PBL and RL groups. The PBL and RL 

groups have the same category of critical thinking skills, namely low, but the BPL-CE 

group gets into the moderate category. Based on the data above, it is descriptively 

known that the critical thinking skills of the students taught with PBL-CE are better 

than the PBL and RL groups. Table 1 also reveals the comparison between NGs of the 

students' critical thinking skills with the students' high (B1) and low (B2) naturalist 

intelligence in group A1, A2, and A3. The average NGs of the students in the A1 

group are higher than those in the A2 group in the three treatment groups. The results 

indicate that the students' critical thinking skills with high naturalist intelligence are 

better than those with low naturalist intelligence. They also indicate that PBL-CE is 

able to encourage many students to get a very high and high category in comparison to 

the teaching and learning using RL. The distribution of the students' abilities in the 

critical thinking skills aspect based on NGs is presented in Figure 1. 

Table 1 
Students critical thinking skills based on NGs in the three groups 

Groups 
Naturalist 

Intelligence 
Mean Std. Deviation N 

(A1) PBL-CE (B1) High 0,4229 0,18294 28 

(B2) Low 0,4079 0,18685 28 

Total A1 0,4154 

(category: Moderate) 

0,18337 56 

(A2) PBL (B1) High 0,3514 0,19697 29 

(B2) Low 0,2493 0,20461 29 
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Total A2 0,3003 

(category: Low) 

0,20561 58 

(A3) RL (B1) High 0,3061 0,29494 28 

(B2) Low 0,2757 0,24586 28 

Total A3 0,2909 

(category: Low) 

0,26947 56 

Figure 1 shows that the students in the PBL-CE group had a greater frequency for the 

moderate category than those in the PBL and the PR groups. This implies that learning 

using PBL-CE has a better effect on the students' critical thinking skills. 

 

 

 

Figure 1 

Comparison of the students' frequency based on NGs in each category of the students' 

critical thinking skills in the three groups. 

 

Students Curiosity 

Measurement of the students' curiosity was carried out after the treatment had been 

completed. The results of data analysis on the students' curiosity using descriptive 

statistics are presented in Table 2. It shows that there are differences in the average 
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scores and categories of the students' curiosity in the three groups. The average score 

of the students' curiosity in the PBL-CE group is higher than those in the PBL and the 

RL groups. The PBL-CE and the PBL groups have the same category pertaining to 

curiosity, namely good, but the RL group gets into the lower category, namely fair. 

Based on the data, it can be descriptively stated that the students' curiosity taught with 

PBL-CE is better than the PBL and RL groups. 

 

Table 2 
Students curiosity in the three groups 

Groups 
Naturalist 

Intelligence 
Mean Std. Deviation N 

(A1) PBL-CE (B1) High 3,0843 0,26599 28 

(B2) Low 3,0596 0,27175 28 

Total A1 3,0320 

(Category: Good) 

0,26789 56 

(A2) PBM (B1) High 3,0879 0,24972 29 

(B2) Low 3,0269 0,38813 29 

Total A2 3,0574 

(Category: Good) 

0,32493 58 

(A3) RL (B1) High 2,9254 0,40578 28 

(B2) Low 2,8532 0,27356 28 

Total A3 2,8893 

(Category: Fair) 

0,34481 56 

 

Table 2 also shows the comparison of the students' curiosity scores with the students 

with high (B1) and low (B2) naturalist intelligence in A1, A2, and A3 groups. The 

average score of the students’ curiosity for the A1 group was higher than the A2 group 

in the three groups. The results indicate that the students' curiosity with high naturalist 

intelligence is better than those with low naturalist intelligence. The PBL-CE is able to 

encourage many students to get into the very good and the good category in 

comparison to the learning using the RL. The distribution of the students based on the 

caring score category is presented in Figure 2. 
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It is known from figure 2 that the students in the PBL-CE group have a greater 

frequency for a good category than those in the PBL and PR groups. This indicates that 

learning with PBL-CE had a better effect on the students' curiosity. 

 

 

 

Figure 2 

Comparison of the distribution of the students based on the curiosity score category in 

the three groups. 

Hypothesis Testing 

Hypothesis testing of the Manova using SPSS 16.0 was applied to see the main and 

simple effect at the 0.05 significance level. The results of the analysis are presented in 

Table 3. 

Table 3 

The results of multivariate tests 

Effect F Sig. 

Intercept 7,600 0,000 

Groups 4,822 0,001 

Naturalist 1,093 0,338 

Groups * Naturalist 0,621 0,648 
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In Table 3, it can be stated that (1) PBL-CE have a significant effect on the students 

critical thinking skills and curiosity, (2) naturalist intelligence have no significant 

effect on the students critical thinking skills and curiosity, and (3) The interaction 

between PBL-CE and naturalist intelligence have no significant effect on the students 

critical thinking skills and curiosity. 

The next analysis is to determine the effect of the PBL-CE variables and naturalist 

intelligence on each variable of the students' critical thinking and the students' 

curiosity. The results of the analysis are shown in Table 4.  Table 4 shows that there 

were significant differences in the average NGs of students' critical thinking skills and 

the students' curiosity scores between the PBL-CE, the PBL, and the RL groups. Thus, 

learning using PBL-CE affects students' critical thinking skills and curiosity.  

 
Table 4 

Tests of between-subject effects 

Source 
Dependent  

Var. 

Sum of 

Square 
df 

Mean 

Square 
F Sig. 

Groups aCT skills 0,540 2 0,270 5,479 0,005 

bCuriosity 0,928 2 0,464 4,658 0,011 

Naturalist aCT skills 0,103 1 0,103 2,081 0,151 

bCuriosity  0,029 1 0,029 0,287 0,593 

Groups * 

Naturalist 

aCT skills 0,062 2 0,031 0,627 0,535 

bCuriosity 0,140 2 0,070 0,704 0,496 

Error aCT skills 8,086 164 0,049   

bCuriosity 16,335 164 0,100   

Total aCT skills 27,884 170    

bCuriosity 1540,959 170    

Corrected Total aCT skills 8,793 169    

bCuriosity 17,432 169    

CT = Critical thinking 

 

The post hoc test was conducted to ascertain the group having the best effect toward 

the variables of the students.  The results show that the differences in the average 

scores of the students critical thinking skills and the students curiosity. The students 

taught with the PBL-CE obtained the critical thinking average score which is 

significantly different from the PBL and RL group. PBL-CE treatment is the best 
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treatment to improve students' critical thinking skills. Table 5 also shows that the 

students taught with the PBL-CE obtained higher curiosity average score and it is not 

significantly different from the PBL group, but they are significantly different from the 

RL group. However, PBL-CE treatment is the best treatment to improve students' 

curiosity. The results of the analysis are presented in Table 5. 

 

Table 5 

The results of the LSD test 

Dependent Variable 
(I) 

Groups 

(J) 

Groups 

Mean Diff. 

(I-J) 
Std. Error Sig. 

Critical thinking 

Skills 

1 2 0,1150* 0,04160 0,006 

3 0,1245* 0,04196 0,003 

2 1 -0,1150* 0,04160 0,006 

3 0,0095 0,04160 0,821 

3 1 -0,1245* 0,04196 0,003 

2 -0,0095 0,04160 0,821 

Curiosity 1 2 -0,0254 0,05913 0,667 

3 0,1427* 0,05964 0,018 

2 1 0,0254 0,05913 0,667 

3 0,1681* 0,05913 0,005 

3 1 -0,1427* 0,05964 0,018 

2 -0,1681* 0,05913 0,005 

Group 1 = PBL-CE, 2 = PBL, 3 = RL 

*The mean difference is significant at the 0.05 level 

 

The current research produces important findings regarding the effect of PBL-CE and 

naturalist intelligence on the students' critical thinking skills and curiosity. It showed 

that there is an effect of PBL-CE on the students' critical thinking skills and curiosity. 

The PBL-CE treatment is the best treatment to improve students' curiosity than those 

the PBL and the RL treatments. 

During the lesson using the PBL-CE, characters were purposedly designed through the 

teacher’s action at each stage in the learning syntax, including caring character. In 

several stages of the learning activities, there were always activities of the teacher to 

generate and strengthen the students' character and remind them to do something 
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related to certain characteristics such as curiosity about the environmental and social 

problems. In learning using PBL-CE, the students were faced with authentic problems 

in the environment surrounding them. The students get used to thinking critically 

when they are confronted with the ones which they often witness every day. The 

environmental problems the students dealt with were in the form of images and news 

of electronic media. The images and information from media are very appropriate for 

students to develop their thinking skills  (Sutarto, Indrawati, & Prihatin, 2018). When 

PBL-CE was carried out, the students were encouraged to arouse their curiosity about 

the problems which existed in their environment by learning the problems given.  

The results of the study also showed that there are no effect of naturalist intelligence 

and the interaction between PBL-CE and naturalist intelligence on the students' critical 

thinking skills and the students' curiosity. The PBL-CE seemed not to have a 

significant effect of activating the students' critical thinking skills and curiosity as it 

was paired with the students' naturalist intelligence. The PBL-CE and PBL did not 

only support the critical thinking skills and curiosity of the students with high 

naturalist intelligence, but also those with low naturalist intelligence. This condition 

was affected by PBL-CE and PBL which required both individuals and groups to 

participate actively in the activity of problem analysis, convey ideas, find the right 

information for solving the problem, build hypothesis, think about how the problem-

solving works, and set up logic about the relationship between one fact with another. 

The students with high and low naturalist intelligence can respond well to the learning 

activities carried out using PBL-CE, PBL, and RL. According to Witte and Rogge 

(2016), the students in the PBL is sometimes not better than those in the traditional 

class in terms of knowledge acquisition or problem-solving skills. 

One of the new findings in this study is that the problem-based learning with character 

emphasis treatment is able to encourage many students to get the higher categories of 

critical thinking skills and curiosity than those problem-based learning and regular 

learning treatments. The existing research only reveals the influence of PBL on 

students' critical thinking. The learning using PBL-CE gives the students a challenge 

in order that they can interact and solve the environmental problem given. Students 

ask closed questions and open questions about the environmental problems presented 

by the teacher. According to Almulla (2018) students who frequently ask open 

questions have better critical thinking skills. The completion of a problem requires 

analytical and critical thinking skills, analysis of possible solutions, evaluation of the 

problems and available solutions, and ability to design something as problem solving 

alternatives. These abilities need to be continually strengthened in the learning using 

PBL-CE, although the students taking part in it having high or low naturalist 



14  Title goes here 

 

 
intelligence. It is different from the learning process using the regular learning which 

tends to place the students as the learning object. This has caused a decline in the 

ability of the students to analyze, evaluate, and create, and weaken the students' 

character in the learning. According to Aldarmahi (2016), in the PBL, the students are 

capable of integrating basic science with life problems in comparison to those in the 

conventional system. 

CONCLUSION 

PBL-CE has a significant effect on the students' critical thinking skills and students' 

curiosity. It supports the students to get higher categories of critical thinking skills and 

curiosity. It is the best treatment to improve students' critical thinking skills and 

students' curiosity. Naturalist intelligence does not have a significant effect on the 

students' critical thinking skills and students' curiosity. The interaction between PBL-

CE and naturalist intelligence does not affect the students' critical thinking skills and 

students' curiosity. The students with high and low naturalist intelligence give the 

same response to the PBL-CE, the PBL, and the RL. The character can be 

implemented explicitly, in detail, and operational in PBL. PBL syntax can be enriched 

with activities that encourage students' critical thinking skills and express students' 

curiosity during learning. The teachers are required to be creative in developing 

learning resources needed in the learning process, such as student worksheets, tools 

and materials needed in the process of solving, problem, and assessment instruments 

for critical thinking skills and student curiosity that are valid and reliable. 
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Problem-Based Learning with Character-Emphasis and Naturalist 

Intelligence: Examining Students Critical Thinking and Curiosity 

This research aimed to examine the effects of problem-based learning with character 

emphasis and naturalist intelligence on the students' critical thinking skills and 

curiosity. This study was conducted at Islamic Senior High School in Mataram and it 

employed 3x2 treatment by level design. Three treatments; the problem-based learning 

with character emphasis (PBL-CE) (A1), the problem-based learning (PBL) (A2), and 

the regular learning (RL) (A3) were given to two groups; the students with high 

naturalist intelligence (B1) and low naturalist intelligence (B2). The data on the 

students' naturalist intelligence and critical thinking were collected through the test 

and the data on the students' curiosity was collected through self-assessment and 

observation sheets. The data were analyzed using MANOVA at 0,05 significance level. 

The results of the study showed that: (1) the PBL-CE affect the students critical 

thinking skills and curiosity, (2) the naturalist intelligence does not have a significant 

effect on the students critical thinking skills and students curiosity, and (3) the 

interaction between the PBL-CE and naturalist intelligence did not affect the students 

critical thinking skills and curiosity. PBL-CE can be applied as alternative learning to 

develop students' critical thinking and curiosity. 

Keywords: Problem-based learning, character emphasis, naturalist intelligence, critical 

thinking, curiosity. 

INTRODUCTION 

Learning does not only focus on academic performance but also develops and increases 

the capacity of students as a whole (Mak, 2014). Education must be managed so that it 

can produce thinking resources capable of building a knowledge-based social and 

economic order in the 21st century (Elmuhtarim, 2018; Patel et al., 2017), industry 4.0 

(Schwab, 2016), and society 5.0 (Skobelev & Borovik, 2017). Students must be trained 

to use the power of arguments, thinking skills, and morals or characters in education. 

Students' capacity including skills, work habits, and characters that are believed to be 

essential to achieve a successful life (Anazifa & Djukri, 2017). They will face rapid 

and arduous changes in science and technology (Ritter & Mostert, 2016; Mapeala & 

Siew, 2015; Rehmat & Bailey, 2014). In brief, critical thinking skills, characters, and 

curiosity are three pivotal capital for students to face the world changes which must be 

developed simultaneously in education. 

Critical thinking skills are an important aspect of modern education (Mouhtarim, 

2018; Walter & Walter, 2018), important competencies in the successful performance 

of students (Verawati et al., 2019a, 2019b; Hasanpour et al., 2018; Prayogi et al., 

2017), and the most important real-life skills (Mutakinati & Anwari, 2018). It is an 

essential ability that must be possessed by students in solving problems (Handoyo et 

al., 2019; Özgenel, 2018) and a process to make sound decisions (Özgenel, 2018) so 

that what we think is best about a truth we can do right. Critical thinking helps the 
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student to define the cause of a change in a variable and the effect of one variable on 

other variables (Duran & Dökme, 2016). The essential things in critical thinking are 

practical, reflective, reasonable (Handoyo et al., 2019; Mutakinati & Anwari, 2018), 

beliefs, and actions. From this combination of five basic components, critical thinking 

is defined as reflective thinking that focuses on deciding what to believed to do. 

In the learning of science, students' critical thinking can be seen from the ability of 

students to respond to every problem about everyday life. Critical students tend to be 

more active in trying to solve problems (Handoyo et al., 2019), self-corrective thinking 

(Mutakinati & Anwari, 2018), and can better recognize and regulate their emotions  

(Yao et al., 2018). They actively clarify a problem by asking, looking at a problem 

from a different side, digging up important information related to the problem to be 

solved, daring to express their opinions and ideas to criticize solutions that he thinks 

are rational, and able to draw conclusions from solving existing problems. 

Curiosity is one of the educational aspects that must be developed in learning. 

Curiosity is defined as a willingness to explore something that is unknown, meet new 

things, and accept uncertainty (Arnone et al., 2011). It is a personality (Kaczmarek et 

al., 2014), an integral aspect of science learning (Weible & Zimmerman, 2016), and 

the importance that an individual should have as a requirement of learning (Gulten et 

al., 2011). Students who have high curiosity are indicated by; enthusiastic to seek 

answers each question, attention to the observed object, enthusiastic on the science 

process, and put on every step of the activity (Nasution et al., 2018). 

Prior studies indicate that the students' critical thinking skills are not satisfactory. 

Critical thinking skills are still low (Khasani et al., 2019). Previous studies (Latifa et 

al., 2017; Qing et al., 2010; Miri et al., 2007) report that the students critical thinking 

skill is the lowest secondary school. The learning process that has been going on so far 

has not been able to improve critical thinking because cognitive aspects are only 

emphasized on results not on aspects of processes that involve critical thinking skills. 

In addition, the learning model applied by the teacher does not lead to the achievement 

of critical thinking skills. Practicing critical thinking requires a holistic approach 

using appropriate teaching modes that allow students to manipulate their cognitive 

processes to stimulate their critical thinking skills (Prayogi et al., 2018; Prayogi et al., 

2019; Wahyudi et al., 2018, 2019a, 2019b). The students curiosity in learning is also 

far from expectation. Ciptasari et al (2015) found that the students' curiosity is in a low 

category. Students' activity such as questioning or reading several relevant sources did 

not significantly increase in learning (Nasution et al., 2018). Therefore, it is necessary 

to make a serious effort by creating appropriate learning strategies for the continuous 

development of the students' critical thinking skills and the students' curiosity. 

Learning strategy is one of the external factors which affect the students' critical 

thinking skills and curiosity. Besides that, there are also internal factors, one of which 

is naturalist intelligence. Essentially, naturalist intelligence is a part of multiple 

intelligences possessed by humans. It involves sensitivity to problems or natural 

phenomena and the ability to distinguish between living and non-living things or 
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beings. According to Roos (2017), students with high naturalist intelligence have a 

strong affinity for nature. Strong affinity is indicated by great interest in learning the 

topics related to nature and its phenomena. 

Classroom instruction is one of the efforts to develop the students' critical thinking 

skills and students' curiosity. Ideally, it ought to be designed to improve the students' 

academic performance as well as increase the students' curiosity. The learning models 

should be enriched with character education to helps schools develop students' morality 

(Dinkha, 2008). The instructional design which embeds character is important to make 

sure that the learning is also focused on character building, not a mere achievement of 

academic results. Designing and intervening in instruction systematically for creating 

a learning environment needs to be carried out and its effectiveness needs to be 

investigated in developing the students thinking skills (Tiruneh et al., 2018; Delaney et 

al., 2017).  

In the current research, the intervention in learning is the addition of character content 

to the syntax of problem-based learning which is later known as problem-based 

learning with character emphasis (PBL-CE). PBL-CE is a kind of PBL strategy 

designed by sharpening stages of the learning activities in order to strengthen the 

students' character and diversifying the syntax of PBL in terms of meaning in order to 

establish the students' character. Thus, the stages of the learning in PBL-CE are 

enriched with activities that encourage the students to the practice of forming 

characters consciously or unconsciously, without ignoring the meaning in the syntax of 

PBL itself. 

Existing research applying PBL integrated with multimedia, and its significantly 

influences the students' critical thinking ability (Susilawati et al., 2018). However, 

practicing critical thinking with multimedia including virtual laboratories still does not 

expose learners to real-world situations, because the process of training critical 

thinking will be better when there is conduction between the topic being studied with 

the real-world context (Hofstein et al., 2001), so the virtual laboratory (virtual fields) 

cannot replace real laboratories (Cassady et al., 2008). Complex, contextual, and 

structural problems provide the students with an opportunity to develop their ability to 

think analytically, evaluatively, and reflectively and develop their creativity in 

exploring various information, develop various possible solutions, and create various 

sources to solve the problems faced (Tsai & Chiang, 2013). PBL increases the students' 

self-confidence, creates a supportive environment which leads to teamwork, enhances 

interpersonal communication and critical thinking skills, and build self-awareness 

(Moody et al., 2018; Aldarmahi, 2016). According to Aldarmahi (2016), PBL is useful 

for students in constructing knowledge, developing reasoning processes, improving 

independent learning skills, and increasing intrinsic learning motivation. This 

research seeks to find out the effect of PBL-CE and naturalist intelligence on the 

students critical thinking skills and curiosity. 

Problem of Research 
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Facing the 21st century, education in Indonesia must be oriented to mathematics and 

science accompanied by social and human sciences (BSNP, 2010). Human resources 

needed are those who have the ability to think critically and solve problems (Eichmann 

et al., 2019; Osman, 2010; Oktay & Safak, 2012) and the ability to create and renew 

(Ertmer et al., 2014). The fact that occurs in Indonesian secondary schools, critical 

thinking skills has not become a serious concern in learning. The teachers’ do not 

consciously plan and carry out learning which only emphasizes low-level thinking 

skills. 

Education is not merely a function of transferring knowledge, but also as a driver for 

the development of noble values which are the basis for the development of good 

morals (Callina et al., 2018; Isdaryanti et al., 2018; Muliastuti, 2017). Good morals 

include curiosity. Therefore, schools must encourage students to be able to understand 

good moral values, have moral feelings, and finally have a strong commitment to carry 

out what they know and feel in moral action. In fact the cultivation of noble values, 

such as curiosity is still not running optimally. The science teacher considers that the 

inculcation of character is mostly done by the teachers who teach the religious subject. 

In addition, an assessment of students curiosity aspects is carried out by the teacher in 

order to complete the teaching administration when supervising learning by the school 

principal. 

Constructivism learning activities include observing phenomena, collecting data, 

formulating and testing hypotheses, through collaboration with others. This is in 

accordance with the nature of science which includes the scientific attitude of science, 

scientific processes, and scientific products. The scientific attitude of science is related 

to curiosity, humility, openness, honesty, positive models of failure, and responsibility. 

The science process is related to thinking skills, which is the process carried out by 

scientists through scientific methods. Science products include scientific concepts, 

principles, and theories. But the reality is that the teacher of secondary schools in 

Indonesia is still dominant in implementing regular learning and the learning process 

is more dominated by the teacher. In fact, the regular learning model has not been able 

to develop students’ critical thinking skills and has not been able to accustom students' 

attitudes of curiosity. 

Research Focus 

This research focused on the effect of the PBL-CE on the students' critical thinking 

skills and curiosity, the effect of the naturalist intelligence on the students' critical 

thinking skills and curiosity, and the effect of the interaction between the PBL-CE and 

naturalist intelligence on the students critical thinking skills and curiosity. 

METHODS 

This was a quasi-experimental study conducted at secondary schools in Mataram – 

Indonesia, using treatment by level 3 x 2 design. Three kinds of treatments namely the 

PBL-CE (A1), the PBL (A2), and the RL (A3), were given to both the students with 



Author surnames go here   5 

 

high naturalist intelligence (B1) and the students with low naturalist intelligence (B2) 

during the learning.  

The PBL-CE group is given PBL which is enriched by teacher activities that encourage 

the strengthening of student character. PBL groups are given learning with PBL 

strategies only. The RL group received learning as planned by the teacher. The lesson 

was carried out on a biology course for 10 sessions on the topic of the ecosystem and 

environmental change by the same teacher in three groups. 

Participants/Group 

The research subjects (participants) involved three randomly selected groups from two 

secondary schools. Participants involved in the PBL-CE (A1) group were 56 students, 

PBL (A2) group were 58 students, and the RL group (A3) were 56 students. The 

grouping of the students into B1 and B2 was based on the rank of their naturalist 

intelligence test scores. Group B1 covered 50% of the students achieving high 

naturalist intelligence test score and group B2 included 50% of the students achieving 

low naturalist intelligence test scores. 

Instrument and Procedures 

This study measures two variables that are students' critical thinking skills and. 

students' critical thinking skills are measured by essay test instruments, and students' 

curiosity is measured by self-assessment instruments. In this study also developed 

instruments to measure the natural intelligence, this is used to distinguish participants 

with high naturalist intelligence and low naturalist intelligence. Therefore, each 

variable developed its own instrument. The stages of instrument development, namely; 

presentation of conceptual definitions of variables, operational definitions of variables, 

instrument lines, preparation of instruments, determination of content validity, and 

testing of instruments to determine internal consistency and instrument reliability.  

Determination of the content validity using the Lawshe method. The value of the 

content validity is indicated by the content validity ratio (CVR) after being validated by 

six experts. The instrument test was conducted on 40 students who were not research 

subjects. Based on the test results, the critical thinking skills test instrument consisted 

of 7 essay items having internal consistency ranging from 0,64 to 0,91 and the 

instrument reliability of 0,95. The 7 items students curiosity self-assessment 

instrument had internal consistency ranging from 0,40 to 0,78 and the instrument 

reliability of 0,88. The naturalist intelligence test instrument consisted of 29 items 

having internal consistency ranging from 0,32 to 0,63 and the instrument reliability of 

0,92. 

Data Analysis 

The data on the students' critical thinking skills and curiosity scores were analyzed 

using descriptive and inferential statistics. The descriptive statistics were used to get a 

level of students' critical thinking skills and students' curiosity. The inferential 
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statistics Manova was used to test the research hypothesis at the 0,05 significance 

level. 

RESULTS AND DISCUSSION 

Critical Thinking Skills 

The effect of the treatment of the PBL-CE and naturalist intelligence on critical 

thinking skills is seen from normalized gain scores (NGs). The comparison of NGs of 

the students thinking skills in the three groups is presented in Table 1. The average 

NGs in the PBL-CE group is higher than the PBL and RL groups. The PBL and RL 

groups have the same category of critical thinking skills, namely low, but the BPL-CE 

group gets into the moderate category. Based on the data above, it is descriptively 

known that the critical thinking skills of the students taught with PBL-CE are better 

than the PBL and RL groups. Table 1 also reveals the comparison between NGs of the 

students' critical thinking skills with the students' high (B1) and low (B2) naturalist 

intelligence in group A1, A2, and A3. The average NGs of the students in the A1 

group are higher than those in the A2 group in the three treatment groups. The results 

indicate that the students' critical thinking skills with high naturalist intelligence are 

better than those with low naturalist intelligence. They also indicate that PBL-CE is 

able to encourage many students to get a very high and high category in comparison to 

the teaching and learning using RL. The distribution of the students' abilities in the 

critical thinking skills aspect based on NGs is presented in Figure 1. 

Table 1 
Students critical thinking skills based on NGs in the three groups 

Groups Naturalist Intelligence Mean Std. Deviation N 

(A1) PBL-CE (B1) High 0,4229 0,18294 28 

(B2) Low 0,4079 0,18685 28 

Total A1 0,4154 (Category: Moderate) 0,18337 56 

(A2) PBL (B1) High 0,3514 0,19697 29 

(B2) Low 0,2493 0,20461 29 

Total A2 0,3003 (Category: Low) 0,20561 58 

(A3) RL (B1) High 0,3061 0,29494 28 

(B2) Low 0,2757 0,24586 28 

Total A3 0,2909 (Category: Low) 0,26947 56 

Figure 1 shows that the students in the PBL-CE group had a greater frequency for the 

moderate category than those in the PBL and the PR groups. This implies that learning 

using PBL-CE has a better effect on the students' critical thinking skills. 
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Figure 1 

Comparison of the students' frequency based on NGs in each category of the students' 

critical thinking skills in the three groups. 

Students Curiosity 

Measurement of the students' curiosity was carried out after the treatment had been 

completed. The results of data analysis on the students' curiosity using descriptive 

statistics are presented in Table 2. It shows that there are differences in the average 

scores and categories of the students' curiosity in the three groups. The average score 

of the students' curiosity in the PBL-CE group is higher than those in the PBL and the 

RL groups. The PBL-CE and the PBL groups have the same category pertaining to 

curiosity, namely good, but the RL group gets into the lower category, namely fair. 

Based on the data, it can be descriptively stated that the students' curiosity taught with 

PBL-CE is better than the PBL and RL groups. 

Table 2 
Students curiosity in the three groups 

Groups 
Naturalist 
Intelligence 

Mean Std. Deviation N 

(A1) PBL-CE (B1) High 3,0843 0,26599 28 

(B2) Low 3,0596 0,27175 28 

Total A1 3,0320 (Category: Good) 0,26789 56 

(A2) PBM (B1) High 3,0879 0,24972 29 

(B2) Low 3,0269 0,38813 29 

Total A2 3,0574 (Category: Good) 0,32493 58 

(A3) RL (B1) High 2,9254 0,40578 28 

(B2) Low 2,8532 0,27356 28 

Total A3 2,8893 (Category: Fair) 0,34481 56 
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Table 2 also shows the comparison of the students' curiosity scores with the students 

with high (B1) and low (B2) naturalist intelligence in A1, A2, and A3 groups. The 

average score of the students’ curiosity for the A1 group was higher than the A2 group 

in the three groups. The results indicate that the students' curiosity with high naturalist 

intelligence is better than those with low naturalist intelligence. The PBL-CE is able to 

encourage many students to get into the very good and the good category in 

comparison to the learning using the RL. The distribution of the students based on the 

caring score category is presented in Figure 2. 

It is known from figure 2 that the students in the PBL-CE group have a greater 

frequency for a good category than those in the PBL and PR groups. This indicates that 

learning with PBL-CE had a better effect on the students' curiosity. 

 
Figure 2 

Comparison of the distribution of the students based on the curiosity score category in 

the three groups. 

Hypothesis Testing 

Hypothesis testing of the Manova using SPSS 16.0 was applied to see the main and 

simple effect at the 0,05 significance level. The results of the analysis are presented in 

Table 3. 

Table 3 

The results of multivariate tests 

Effect F Sig. 

Intercept 7,600 0,000 

Groups 4,822 0,001 

Naturalist 1,093 0,338 

Groups * Naturalist 0,621 0,648 
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In Table 3, it can be stated that (1) PBL-CE have a significant effect on the students 

critical thinking skills and curiosity, (2) naturalist intelligence have no significant 

effect on the students critical thinking skills and curiosity, and (3) The interaction 

between PBL-CE and naturalist intelligence have no significant effect on the students 

critical thinking skills and curiosity. 

The next analysis is to determine the effect of the PBL-CE variables and naturalist 

intelligence on each variable of the students' critical thinking and the students' 

curiosity. The results of the analysis are shown in Table 4.  Table 4 shows that there 

were significant differences in the average NGs of students' critical thinking skills and 

the students' curiosity scores between the PBL-CE, the PBL, and the RL groups. Thus, 

learning using PBL-CE affects students' critical thinking skills and curiosity.  

Table 4 

Tests of between-subject effects 

Source Dependent Var. Sum of Square df Mean Square F Sig. 

Groups aCT skills 0,540 2 0,270 5,479 0,005 

bCuriosity 0,928 2 0,464 4,658 0,011 

Naturalist aCT skills 0,103 1 0,103 2,081 0,151 

bCuriosity  0,029 1 0,029 0,287 0,593 

Groups * 
Naturalist 

aCT skills 0,062 2 0,031 0,627 0,535 

bCuriosity 0,140 2 0,070 0,704 0,496 

Error aCT skills 8,086 164 0,049   

bCuriosity 16,335 164 0,100   

Total aCT skills 27,884 170    

bCuriosity 1540,959 170    

Corrected 
Total 

aCT skills 8,793 169    

bCuriosity 17,432 169    

CT = Critical thinking 

The post hoc test was conducted to ascertain the group having the best effect toward 

the variables of the students.  The results show that the differences in the average 

scores of the students critical thinking skills and the students curiosity. The students 

taught with the PBL-CE obtained the critical thinking average score which is 

significantly different from the PBL and RL group. PBL-CE treatment is the best 

treatment to improve students' critical thinking skills. Table 5 also shows that the 

students taught with the PBL-CE obtained higher curiosity average score and it is not 

significantly different from the PBL group, but they are significantly different from the 

RL group. However, PBL-CE treatment is the best treatment to improve students' 

curiosity. The results of the analysis are presented in Table 5. 
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Table 5 

The results of the LSD test 

Dependent Variable (I) Groups (J) Groups Mean Diff. (I-J) Std. Error Sig. 

Critical thinking 
Skills 

1 2 0,1150* 0,04160 0,006 

3 0,1245* 0,04196 0,003 

2 1 -0,1150* 0,04160 0,006 

3 0,0095 0,04160 0,821 

3 1 -0,1245* 0,04196 0,003 

2 -0,0095 0,04160 0,821 

Curiosity 1 2 -0,0254 0,05913 0,667 

3 0,1427* 0,05964 0,018 

2 1 0,0254 0,05913 0,667 

3 0,1681* 0,05913 0,005 

3 1 -0,1427* 0,05964 0,018 

2 -0,1681* 0,05913 0,005 

Group 1 = PBL-CE, 2 = PBL, 3 = RL 

*The mean difference is significant at the 0,05 level 

The current research produces important findings regarding the effect of PBL-CE and 

naturalist intelligence on the students' critical thinking skills and curiosity. It showed 

that there is an effect of PBL-CE on the students' critical thinking skills and curiosity. 

The PBL-CE treatment is the best treatment to improve students' curiosity than those 

the PBL and the RL treatments. 

During the lesson using the PBL-CE, characters were purposedly designed through the 

teacher’s action at each stage in the learning syntax, including caring character. In 

several stages of the learning activities, there were always activities of the teacher to 

generate and strengthen the students' character and remind them to do something 

related to certain characteristics such as curiosity about the environmental and social 

problems. In learning using PBL-CE, the students were faced with authentic problems 

in the environment surrounding them. The students get used to thinking critically 

when they are confronted with the ones which they often witness every day. The 

environmental problems the students dealt with were in the form of images and news 

of electronic media. The images and information from media are very appropriate for 

students to develop their thinking skills  (Sutarto, Indrawati, & Prihatin, 2018). When 

PBL-CE was carried out, the students were encouraged to arouse their curiosity about 

the problems which existed in their environment by learning the problems given.  

The results of the study also showed that there are no effect of naturalist intelligence 

and the interaction between PBL-CE and naturalist intelligence on the students' critical 

thinking skills and the students' curiosity. The PBL-CE seemed not to have a 

significant effect of activating the students' critical thinking skills and curiosity as it 

was paired with the students' naturalist intelligence. The PBL-CE and PBL did not 
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only support the critical thinking skills and curiosity of the students with high 

naturalist intelligence, but also those with low naturalist intelligence. This condition 

was affected by PBL-CE and PBL which required both individuals and groups to 

participate actively in the activity of problem analysis, convey ideas, find the right 

information for solving the problem, build hypothesis, think about how the problem-

solving works, and set up logic about the relationship between one fact with another. 

The students with high and low naturalist intelligence can respond well to the learning 

activities carried out using PBL-CE, PBL, and RL. According to Witte and Rogge 

(2016), the students in the PBL are sometimes not better than those in the traditional 

class in terms of knowledge acquisition or problem-solving skills. 

One of the new findings in this study is that the problem-based learning with character 

emphasis treatment is able to encourage many students to get the higher categories of 

critical thinking skills and curiosity than those problem-based learning and regular 

learning treatments. The existing research only reveals the influence of PBL on 

students' critical thinking. The learning using PBL-CE gives the students a challenge 

in order that they can interact and solve the environmental problem given. Students 

ask closed questions and open questions about the environmental problems presented 

by the teacher. According to Almulla (2018) students who frequently ask open 

questions have better critical thinking skills. The completion of a problem requires 

analytical and critical thinking skills, analysis of possible solutions, evaluation of the 

problems and available solutions, and ability to design something as problem solving 

alternatives. These abilities need to be continually strengthened in the learning using 

PBL-CE, although the students taking part in it having high or low naturalist 

intelligence. It is different from the learning process using the regular learning which 

tends to place the students as the learning object. This has caused a decline in the 

ability of the students to analyze, evaluate, and create, and weaken the students' 

character in the learning. According to Aldarmahi (2016), in the PBL, the students are 

capable of integrating basic science with life problems in comparison to those in the 

conventional system. 

CONCLUSION 

PBL-CE has a significant effect on the students' critical thinking skills and students' 

curiosity. It supports the students to get higher categories of critical thinking skills and 

curiosity. It is the best treatment to improve students' critical thinking skills and 

students' curiosity. Naturalist intelligence does not have a significant effect on the 

students' critical thinking skills and students' curiosity. The interaction between PBL-

CE and naturalist intelligence does not affect the students' critical thinking skills and 

students' curiosity. The students with high and low naturalist intelligence give the 

same response to the PBL-CE, the PBL, and the RL. The character can be 

implemented explicitly, in detail, and operational in PBL. PBL syntax can be enriched 

with activities that encourage students' critical thinking skills and express students' 

curiosity during learning. The teachers are required to be creative in developing 

learning resources needed in the learning process, such as student worksheets, tools 
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and materials needed in the process of solving, problem, and assessment instruments 

for critical thinking skills and student curiosity that are valid and reliable. 
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Problem-Based Learning with Character-Emphasis and Naturalist 

Intelligence: Examining Students Critical Thinking and Curiosity 

This research aimed to examine the effects of problem-based learning with character 

emphasis and naturalist intelligence on the students' critical thinking skills and curiosity. 

This study was conducted at Islamic Senior High School in Mataram and it employed 

3x2 treatment by level design. Three treatments; the problem-based learning with 

character emphasis (PBL-CE) (A1), the problem-based learning (PBL) (A2), and the 

regular learning (RL) (A3) were given to two groups; the students with high naturalist 

intelligence (B1) and low naturalist intelligence (B2). The data on the students' 

naturalist intelligence and critical thinking were collected through the test and the data 

on the students' curiosity was collected through self-assessment and observation sheets. 

The data were analyzed using MANOVA at 0,05 significance level. The results of the 

study showed that: (1) the PBL-CE affect the students critical thinking skills and 

curiosity, (2) the naturalist intelligence does not have a significant effect on the students 

critical thinking skills and students curiosity, and (3) the interaction between the PBL-

CE and naturalist intelligence did not affect the students critical thinking skills and 

curiosity. PBL-CE can be applied as alternative learning to develop students' critical 

thinking and curiosity. 

Keywords: Problem-based learning, character emphasis, naturalist intelligence, critical 

thinking, curiosity. 

INTRODUCTION 

Learning does not only focus on academic performance but also develops and increases 

the capacity of students as a whole (Mak, 2014). Education must be managed so that it 

can produce thinking resources capable of building a knowledge-based social and 

economic order in the 21st century (Elmuhtarim, 2018; Patel et al., 2017), industry 4.0 

(Schwab, 2016), and society 5.0 (Skobelev & Borovik, 2017). Students must be trained 

to use the power of arguments, thinking skills, and morals or characters in education. 

Students' capacity including skills, work habits, and characters that are believed to be 

essential to achieve a successful life (Anazifa & Djukri, 2017). They will face rapid and 

arduous changes in science and technology (Ritter & Mostert, 2016; Mapeala & Siew, 

2015; Rehmat & Bailey, 2014). In brief, critical thinking skills, characters, and curiosity 

are three pivotal capital for students to face the world changes which must be developed 

simultaneously in education. 

Critical thinking skills are an important aspect of modern education (Mouhtarim, 2018; 

Walter & Walter, 2018), important competencies in the successful performance of 

students (Verawati et al., 2019a, 2019b; Hasanpour et al., 2018; Prayogi et al., 2017), 

and the most important real-life skills (Mutakinati & Anwari, 2018). It is an essential 

ability that must be possessed by students in solving problems (Handoyo et al., 2019; 

Özgenel, 2018) and a process to make sound decisions (Özgenel, 2018) so that what we 
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think is best about a truth we can do right. Critical thinking helps the student to define 

the cause of a change in a variable and the effect of one variable on other variables 

(Duran & Dökme, 2016). The essential things in critical thinking are practical, 

reflective, reasonable (Handoyo et al., 2019; Mutakinati & Anwari, 2018), beliefs, and 

actions. From this combination of five basic components, critical thinking is defined as 

reflective thinking that focuses on deciding what to believed to do. 

In the learning of science, students' critical thinking can be seen from the ability of 

students to respond to every problem about everyday life. Critical students tend to be 

more active in trying to solve problems (Handoyo et al., 2019), self-corrective thinking 

(Mutakinati & Anwari, 2018), and can better recognize and regulate their emotions  

(Yao et al., 2018). They actively clarify a problem by asking, looking at a problem from 

a different side, digging up important information related to the problem to be solved, 

daring to express their opinions and ideas to criticize solutions that he thinks are 

rational, and able to draw conclusions from solving existing problems. 

Curiosity is one of the educational aspects that must be developed in learning. Curiosity 

is defined as a willingness to explore something that is unknown, meet new things, and 

accept uncertainty (Arnone et al., 2011). It is a personality (Kaczmarek et al., 2014), an 

integral aspect of science learning (Weible & Zimmerman, 2016), and the importance 

that an individual should have as a requirement of learning (Gulten et al., 2011). 

Students who have high curiosity are indicated by; enthusiastic to seek answers each 

question, attention to the observed object, enthusiastic on the science process, and put 

on every step of the activity (Nasution et al., 2018). 

Prior studies indicate that the students' critical thinking skills are not satisfactory. 

Critical thinking skills are still low (Khasani et al., 2019). Previous studies (Latifa et al., 

2017; Qing et al., 2010; Miri et al., 2007) report that the students critical thinking skill 

is the lowest secondary school. The learning process that has been going on so far has 

not been able to improve critical thinking because cognitive aspects are only emphasized 

on results not on aspects of processes that involve critical thinking skills. In addition, 

the learning model applied by the teacher does not lead to the achievement of critical 

thinking skills. Practicing critical thinking requires a holistic approach using appropriate 

teaching modes that allow students to manipulate their cognitive processes to stimulate 

their critical thinking skills (Prayogi et al., 2018; Prayogi et al., 2019; Wahyudi et al., 

2018, 2019a, 2019b). The students curiosity in learning is also far from expectation. 

Ciptasari et al (2015) found that the students' curiosity is in a low category. Students' 

activity such as questioning or reading several relevant sources did not significantly 

increase in learning (Nasution et al., 2018). Therefore, it is necessary to make a serious 

effort by creating appropriate learning strategies for the continuous development of the 

students' critical thinking skills and the students' curiosity. 

Learning strategy is one of the external factors which affect the students' critical 

thinking skills and curiosity. Besides that, there are also internal factors, one of which is 
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naturalist intelligence. Essentially, naturalist intelligence is a part of multiple 

intelligences possessed by humans. It involves sensitivity to problems or natural 

phenomena and the ability to distinguish between living and non-living things or beings. 

According to Roos (2017), students with high naturalist intelligence have a strong 

affinity for nature. Strong affinity is indicated by great interest in learning the topics 

related to nature and its phenomena. 

Classroom instruction is one of the efforts to develop the students' critical thinking 

skills and students' curiosity. Ideally, it ought to be designed to improve the students' 

academic performance as well as increase the students' curiosity. The learning models 

should be enriched with character education to helps schools develop students' morality 

(Dinkha, 2008). The instructional design which embeds character is important to make 

sure that the learning is also focused on character building, not a mere achievement of 

academic results. Designing and intervening in instruction systematically for creating a 

learning environment needs to be carried out and its effectiveness needs to be 

investigated in developing the students thinking skills (Tiruneh et al., 2018; Delaney et 

al., 2017).  

In the current research, the intervention in learning is the addition of character content to 

the syntax of problem-based learning which is later known as problem-based learning 

with character emphasis (PBL-CE). PBL-CE is a kind of PBL strategy designed by 

sharpening stages of the learning activities in order to strengthen the students' character 

and diversifying the syntax of PBL in terms of meaning in order to establish the 

students' character. Thus, the stages of the learning in PBL-CE are enriched with 

activities that encourage the students to the practice of forming characters consciously or 

unconsciously, without ignoring the meaning in the syntax of PBL itself. 

Existing research applying PBL integrated with multimedia, and its significantly 

influences the students' critical thinking ability (Susilawati et al., 2018). However, 

practicing critical thinking with multimedia including virtual laboratories still does not 

expose learners to real-world situations, because the process of training critical thinking 

will be better when there is conduction between the topic being studied with the real-

world context (Hofstein et al., 2001), so the virtual laboratory (virtual fields) cannot 

replace real laboratories (Cassady et al., 2008). Complex, contextual, and structural 

problems provide the students with an opportunity to develop their ability to think 

analytically, evaluatively, and reflectively and develop their creativity in exploring 

various information, develop various possible solutions, and create various sources to 

solve the problems faced (Tsai & Chiang, 2013). PBL increases the students' self-

confidence, creates a supportive environment which leads to teamwork, enhances 

interpersonal communication and critical thinking skills, and build self-awareness 

(Moody et al., 2018; Aldarmahi, 2016). According to Aldarmahi (2016), PBL is useful 

for students in constructing knowledge, developing reasoning processes, improving 

independent learning skills, and increasing intrinsic learning motivation. This research 
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seeks to find out the effect of PBL-CE and naturalist intelligence on the students critical 

thinking skills and curiosity. 

Problem of Research 

Facing the 21st century, education in Indonesia must be oriented to mathematics and 

science accompanied by social and human sciences (BSNP, 2010). Human resources 

needed are those who have the ability to think critically and solve problems (Eichmann 

et al., 2019; Osman, 2010; Oktay & Safak, 2012) and the ability to create and renew 

(Ertmer et al., 2014). The fact that occurs in Indonesian secondary schools, critical 

thinking skills has not become a serious concern in learning. The teachers’ do not 

consciously plan and carry out learning which only emphasizes low-level thinking skills. 

Education is not merely a function of transferring knowledge, but also as a driver for the 

development of noble values which are the basis for the development of good morals 

(Callina et al., 2018; Isdaryanti et al., 2018; Muliastuti, 2017). Good morals include 

curiosity. Therefore, schools must encourage students to be able to understand good 

moral values, have moral feelings, and finally have a strong commitment to carry out 

what they know and feel in moral action. In fact the cultivation of noble values, such as 

curiosity is still not running optimally. The science teacher considers that the 

inculcation of character is mostly done by the teachers who teach the religious subject. 

In addition, an assessment of students curiosity aspects is carried out by the teacher in 

order to complete the teaching administration when supervising learning by the school 

principal. 

Constructivism learning activities include observing phenomena, collecting data, 

formulating and testing hypotheses, through collaboration with others. This is in 

accordance with the nature of science which includes the scientific attitude of science, 

scientific processes, and scientific products. The scientific attitude of science is related 

to curiosity, humility, openness, honesty, positive models of failure, and responsibility. 

The science process is related to thinking skills, which is the process carried out by 

scientists through scientific methods. Science products include scientific concepts, 

principles, and theories. But the reality is that the teacher of secondary schools in 

Indonesia is still dominant in implementing regular learning and the learning process is 

more dominated by the teacher. In fact, the regular learning model has not been able to 

develop students’ critical thinking skills and has not been able to accustom students' 

attitudes of curiosity. 

Research Focus 

This research focused on the effect of the PBL-CE on the students' critical thinking 

skills and curiosity, the effect of the naturalist intelligence on the students' critical 

thinking skills and curiosity, and the effect of the interaction between the PBL-CE and 

naturalist intelligence on the students critical thinking skills and curiosity. 

METHODS 
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This was a quasi-experimental study conducted at secondary schools in Mataram – 

Indonesia, using treatment by level 3 x 2 design. Three kinds of treatments namely the 

PBL-CE (A1), the PBL (A2), and the RL (A3), were given to both the students with high 

naturalist intelligence (B1) and the students with low naturalist intelligence (B2) during 

the learning.  

The PBL-CE group is given PBL which is enriched by teacher activities that encourage 

the strengthening of student character. PBL groups are given learning with PBL 

strategies only. The RL group received learning as planned by the teacher. The lesson 

was carried out on a biology course for 10 sessions on the topic of the ecosystem and 

environmental change by the same teacher in three groups. 

Participants/Group 

The research subjects (participants) involved three randomly selected groups from two 

secondary schools. Participants involved in the PBL-CE (A1) group were 56 students, 

PBL (A2) group were 58 students, and the RL group (A3) were 56 students. The 

grouping of the students into B1 and B2 was based on the rank of their naturalist 

intelligence test scores. Group B1 covered 50% of the students achieving high naturalist 

intelligence test score and group B2 included 50% of the students achieving low 

naturalist intelligence test scores. 

Instrument and Procedures 

This study measures two variables that are students' critical thinking skills and. students' 

critical thinking skills are measured by essay test instruments, and students' curiosity is 

measured by self-assessment instruments. In this study also developed instruments to 

measure the natural intelligence, this is used to distinguish participants with high 

naturalist intelligence and low naturalist intelligence. Therefore, each variable developed 

its own instrument. The stages of instrument development, namely; presentation of 

conceptual definitions of variables, operational definitions of variables, instrument lines, 

preparation of instruments, determination of content validity, and testing of instruments 

to determine internal consistency and instrument reliability.  

Determination of the content validity using the Lawshe method. The value of the content 

validity is indicated by the content validity ratio (CVR) after being validated by six 

experts. The instrument test was conducted on 40 students who were not research 

subjects. Based on the test results, the critical thinking skills test instrument consisted 

of 7 essay items having internal consistency ranging from 0,64 to 0,91 and the 

instrument reliability of 0,95. The 7 items students curiosity self-assessment instrument 

had internal consistency ranging from 0,40 to 0,78 and the instrument reliability of 0,88. 

The naturalist intelligence test instrument consisted of 29 items having internal 

consistency ranging from 0,32 to 0,63 and the instrument reliability of 0,92. 

Data Analysis 
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The data on the students' critical thinking skills and curiosity scores were analyzed using 

descriptive and inferential statistics. The descriptive statistics were used to get a level of 

students' critical thinking skills and students' curiosity. The inferential statistics Manova 

was used to test the research hypothesis at the 0,05 significance level. 

RESULTS AND DISCUSSION 

Critical Thinking Skills 

The effect of the treatment of the PBL-CE and naturalist intelligence on critical thinking 

skills is seen from normalized gain scores (NGs). The comparison of NGs of the 

students thinking skills in the three groups is presented in Table 1. The average NGs in 

the PBL-CE group is higher than the PBL and RL groups. The PBL and RL groups have 

the same category of critical thinking skills, namely low, but the BPL-CE group gets 

into the moderate category. Based on the data above, it is descriptively known that the 

critical thinking skills of the students taught with PBL-CE are better than the PBL and 

RL groups. Table 1 also reveals the comparison between NGs of the students' critical 

thinking skills with the students' high (B1) and low (B2) naturalist intelligence in group 

A1, A2, and A3. The average NGs of the students in the A1 group are higher than those 

in the A2 group in the three treatment groups. The results indicate that the students' 

critical thinking skills with high naturalist intelligence are better than those with low 

naturalist intelligence. They also indicate that PBL-CE is able to encourage many 

students to get a very high and high category in comparison to the teaching and learning 

using RL. The distribution of the students' abilities in the critical thinking skills aspect 

based on NGs is presented in Figure 1. 

Table 1 
Students critical thinking skills based on NGs in the three groups 

Groups Naturalist Intelligence Mean Std. Deviation N 

(A1) PBL-CE (B1) High 0,4229 0,18294 28 

(B2) Low 0,4079 0,18685 28 

Total A1 0,4154 (Category: Moderate) 0,18337 56 

(A2) PBL (B1) High 0,3514 0,19697 29 

(B2) Low 0,2493 0,20461 29 

Total A2 0,3003 (Category: Low) 0,20561 58 

(A3) RL (B1) High 0,3061 0,29494 28 

(B2) Low 0,2757 0,24586 28 

Total A3 0,2909 (Category: Low) 0,26947 56 

Figure 1 shows that the students in the PBL-CE group had a greater frequency for the 

moderate category than those in the PBL and the PR groups. This implies that learning 

using PBL-CE has a better effect on the students' critical thinking skills. 
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Figure 1 

Comparison of the students' frequency based on NGs in each category of the students' 

critical thinking skills in the three groups. 

Students Curiosity 

Measurement of the students' curiosity was carried out after the treatment had been 

completed. The results of data analysis on the students' curiosity using descriptive 

statistics are presented in Table 2. It shows that there are differences in the average 

scores and categories of the students' curiosity in the three groups. The average score of 

the students' curiosity in the PBL-CE group is higher than those in the PBL and the RL 

groups. The PBL-CE and the PBL groups have the same category pertaining to curiosity, 

namely good, but the RL group gets into the lower category, namely fair. Based on the 

data, it can be descriptively stated that the students' curiosity taught with PBL-CE is 

better than the PBL and RL groups. 

Table 2 
Students curiosity in the three groups 

Groups Naturalist Intelligence Mean Std. Deviation N 

(A1) PBL-CE (B1) High 3,0843 0,26599 28 

(B2) Low 3,0596 0,27175 28 

Total A1 3,0320 (Category: Good) 0,26789 56 

(A2) PBM (B1) High 3,0879 0,24972 29 

(B2) Low 3,0269 0,38813 29 

Total A2 3,0574 (Category: Good) 0,32493 58 

(A3) RL (B1) High 2,9254 0,40578 28 

(B2) Low 2,8532 0,27356 28 
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Total A3 2,8893 (Category: Fair) 0,34481 56 

Table 2 also shows the comparison of the students' curiosity scores with the students 

with high (B1) and low (B2) naturalist intelligence in A1, A2, and A3 groups. The 

average score of the students’ curiosity for the A1 group was higher than the A2 group in 

the three groups. The results indicate that the students' curiosity with high naturalist 

intelligence is better than those with low naturalist intelligence. The PBL-CE is able to 

encourage many students to get into the very good and the good category in comparison 

to the learning using the RL. The distribution of the students based on the caring score 

category is presented in Figure 2. 

It is known from figure 2 that the students in the PBL-CE group have a greater frequency 

for a good category than those in the PBL and PR groups. This indicates that learning 

with PBL-CE had a better effect on the students' curiosity. 

 
Figure 2 

Comparison of the distribution of the students based on the curiosity score category in 

the three groups. 

Hypothesis Testing 

Hypothesis testing of the Manova using SPSS 16.0 was applied to see the main and 

simple effect at the 0,05 significance level. The results of the analysis are presented in 

Table 3. 

Table 3 

The results of multivariate tests 

Effect F Sig. 

Intercept 7,600 0,000 

Groups 4,822 0,001 

Naturalist 1,093 0,338 
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Groups * Naturalist 0,621 0,648 

 

In Table 3, it can be stated that (1) PBL-CE have a significant effect on the students 

critical thinking skills and curiosity, (2) naturalist intelligence have no significant effect 

on the students critical thinking skills and curiosity, and (3) The interaction between 

PBL-CE and naturalist intelligence have no significant effect on the students critical 

thinking skills and curiosity. 

The next analysis is to determine the effect of the PBL-CE variables and naturalist 

intelligence on each variable of the students' critical thinking and the students' curiosity. 

The results of the analysis are shown in Table 4.  Table 4 shows that there were 

significant differences in the average NGs of students' critical thinking skills and the 

students' curiosity scores between the PBL-CE, the PBL, and the RL groups. Thus, 

learning using PBL-CE affects students' critical thinking skills and curiosity.  

Table 4 

Tests of between-subject effects 

Source Dependent Var. Sum of Square df Mean Square F Sig. 

Groups aCT skills 0,540 2 0,270 5,479 0,005 

bCuriosity 0,928 2 0,464 4,658 0,011 

Naturalist aCT skills 0,103 1 0,103 2,081 0,151 

bCuriosity  0,029 1 0,029 0,287 0,593 

Groups * 

Naturalist 

aCT skills 0,062 2 0,031 0,627 0,535 

bCuriosity 0,140 2 0,070 0,704 0,496 

Error aCT skills 8,086 164 0,049   

bCuriosity 16,335 164 0,100   

Total aCT skills 27,884 170    

bCuriosity 1540,959 170    

Corrected 

Total 

aCT skills 8,793 169    

bCuriosity 17,432 169    

CT = Critical thinking 

The post hoc test was conducted to ascertain the group having the best effect toward the 

variables of the students.  The results show that the differences in the average scores of 

the students critical thinking skills and the students curiosity. The students taught with 

the PBL-CE obtained the critical thinking average score which is significantly different 

from the PBL and RL group. PBL-CE treatment is the best treatment to improve 

students' critical thinking skills. Table 5 also shows that the students taught with the 

PBL-CE obtained higher curiosity average score and it is not significantly different from 

the PBL group, but they are significantly different from the RL group. However, PBL-
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CE treatment is the best treatment to improve students' curiosity. The results of the 

analysis are presented in Table 5. 

 

 

Table 5 

The results of the LSD test 

Dependent Variable (I) Groups (J) Groups Mean Diff. (I-J) Std. Error Sig. 

Critical thinking Skills 1 2 0,1150* 0,04160 0,006 

3 0,1245* 0,04196 0,003 

2 1 -0,1150* 0,04160 0,006 

3 0,0095 0,04160 0,821 

3 1 -0,1245* 0,04196 0,003 

2 -0,0095 0,04160 0,821 

Curiosity 1 2 -0,0254 0,05913 0,667 

3 0,1427* 0,05964 0,018 

2 1 0,0254 0,05913 0,667 

3 0,1681* 0,05913 0,005 

3 1 -0,1427* 0,05964 0,018 

2 -0,1681* 0,05913 0,005 

Group 1 = PBL-CE, 2 = PBL, 3 = RL 

*The mean difference is significant at the 0,05 level 

The current research produces important findings regarding the effect of PBL-CE and 

naturalist intelligence on the students' critical thinking skills and curiosity. It showed 

that there is an effect of PBL-CE on the students' critical thinking skills and curiosity. 

The PBL-CE treatment is the best treatment to improve students' curiosity than those the 

PBL and the RL treatments. 

During the lesson using the PBL-CE, characters were purposedly designed through the 

teacher’s action at each stage in the learning syntax, including caring character. In 

several stages of the learning activities, there were always activities of the teacher to 

generate and strengthen the students' character and remind them to do something related 

to certain characteristics such as curiosity about the environmental and social problems. 

In learning using PBL-CE, the students were faced with authentic problems in the 

environment surrounding them. The students get used to thinking critically when they 

are confronted with the ones which they often witness every day. The environmental 

problems the students dealt with were in the form of images and news of electronic 

media. The images and information from media are very appropriate for students to 

develop their thinking skills  (Sutarto, Indrawati, & Prihatin, 2018). When PBL-CE was 
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carried out, the students were encouraged to arouse their curiosity about the problems 

which existed in their environment by learning the problems given.  

The results of the study also showed that there are no effect of naturalist intelligence and 

the interaction between PBL-CE and naturalist intelligence on the students' critical 

thinking skills and the students' curiosity. The PBL-CE seemed not to have a significant 

effect of activating the students' critical thinking skills and curiosity as it was paired 

with the students' naturalist intelligence. The PBL-CE and PBL did not only support the 

critical thinking skills and curiosity of the students with high naturalist intelligence, but 

also those with low naturalist intelligence. This condition was affected by PBL-CE and 

PBL which required both individuals and groups to participate actively in the activity of 

problem analysis, convey ideas, find the right information for solving the problem, build 

hypothesis, think about how the problem-solving works, and set up logic about the 

relationship between one fact with another. The students with high and low naturalist 

intelligence can respond well to the learning activities carried out using PBL-CE, PBL, 

and RL. According to Witte and Rogge (2016), the students in the PBL are sometimes 

not better than those in the traditional class in terms of knowledge acquisition or 

problem-solving skills. 

One of the new findings in this study is that the problem-based learning with character 

emphasis treatment is able to encourage many students to get the higher categories of 

critical thinking skills and curiosity than those problem-based learning and regular 

learning treatments. The existing research only reveals the influence of PBL on students' 

critical thinking. The learning using PBL-CE gives the students a challenge in order that 

they can interact and solve the environmental problem given. Students ask closed 

questions and open questions about the environmental problems presented by the 

teacher. According to Almulla (2018) students who frequently ask open questions have 

better critical thinking skills. The completion of a problem requires analytical and 

critical thinking skills, analysis of possible solutions, evaluation of the problems and 

available solutions, and ability to design something as problem solving alternatives. 

These abilities need to be continually strengthened in the learning using PBL-CE, 

although the students taking part in it having high or low naturalist intelligence. It is 

different from the learning process using the regular learning which tends to place the 

students as the learning object. This has caused a decline in the ability of the students to 

analyze, evaluate, and create, and weaken the students' character in the learning. 

According to Aldarmahi (2016), in the PBL, the students are capable of integrating basic 

science with life problems in comparison to those in the conventional system. 

CONCLUSION 

PBL-CE has a significant effect on the students' critical thinking skills and students' 

curiosity. It supports the students to get higher categories of critical thinking skills and 

curiosity. It is the best treatment to improve students' critical thinking skills and 

students' curiosity. Naturalist intelligence does not have a significant effect on the 
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students' critical thinking skills and students' curiosity. The interaction between PBL-

CE and naturalist intelligence does not affect the students' critical thinking skills and 

students' curiosity. The students with high and low naturalist intelligence give the same 

response to the PBL-CE, the PBL, and the RL. The character can be implemented 

explicitly, in detail, and operational in PBL. PBL syntax can be enriched with activities 

that encourage students' critical thinking skills and express students' curiosity during 

learning. The teachers are required to be creative in developing learning resources 

needed in the learning process, such as student worksheets, tools and materials needed 

in the process of solving, problem, and assessment instruments for critical thinking 

skills and student curiosity that are valid and reliable. 
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Problem-Based Learning with Character-Emphasis and Naturalist 

Intelligence: Examining Students Critical Thinking and Curiosity 

This research aimed to examine the effects of problem-based learning with character 

emphasis and naturalist intelligence on the students' critical thinking skills and 

curiosity. This study was conducted at Islamic Senior High School in Mataram and it 

employed 3x2 treatment by level design. Three treatments; the problem-based learning 

with character emphasis (PBL-CE) (A1), the problem-based learning (PBL) (A2), and 

the regular learning (RL) (A3) were given to two groups; the students with high 

naturalist intelligence (B1) and low naturalist intelligence (B2). The data on the 

students' naturalist intelligence and critical thinking were collected through the test 

and the data on the students' curiosity was collected through self-assessment and 

observation sheets. The data were analyzed using MANOVA at 0,05 significance level. 

The results of the study showed that: (1) the PBL-CE affect the students critical 

thinking skills and curiosity, (2) the naturalist intelligence does not have a significant 

effect on the students critical thinking skills and students curiosity, and (3) the 

interaction between the PBL-CE and naturalist intelligence did not affect the students 

critical thinking skills and curiosity. PBL-CE can be applied as alternative learning to 

develop students' critical thinking and curiosity. 

Keywords: Problem-based learning, character emphasis, naturalist intelligence, critical 

thinking, curiosity. 

INTRODUCTION 

Learning does not only focus on academic performance but also develops and increases 

the capacity of students as a whole (Mak, 2014). Education must be managed so that it 

can produce thinking resources capable of building a knowledge-based social and 

economic order in the 21st century (Elmuhtarim, 2018; Patel et al., 2017), industry 4.0 

(Schwab, 2016), and society 5.0 (Skobelev & Borovik, 2017). Students must be trained 

to use the power of arguments, thinking skills, and morals or characters in education. 

Students' capacity including skills, work habits, and characters that are believed to be 

essential to achieve a successful life (Anazifa & Djukri, 2017). They will face rapid 

and arduous changes in science and technology (Ritter & Mostert, 2016; Mapeala & 

Siew, 2015; Rehmat & Bailey, 2014). In brief, critical thinking skills, characters, and 

curiosity are three pivotal capital for students to face the world changes which must be 

developed simultaneously in education. 

Critical thinking skills are an important aspect of modern education (Mouhtarim, 

2018; Walter & Walter, 2018), important competencies in the successful performance 

of students (Verawati et al., 2019a, 2019b; Hasanpour et al., 2018; Prayogi et al., 

2017), and the most important real-life skills (Mutakinati & Anwari, 2018). It is an 

essential ability that must be possessed by students in solving problems (Handoyo et 

al., 2019; Özgenel, 2018) and a process to make sound decisions (Özgenel, 2018) so 

that what we think is best about a truth we can do right. Critical thinking helps the 
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student to define the cause of a change in a variable and the effect of one variable on 

other variables (Duran & Dökme, 2016). The essential things in critical thinking are 

practical, reflective, reasonable (Handoyo et al., 2019; Mutakinati & Anwari, 2018), 

beliefs, and actions. From this combination of five basic components, critical thinking 

is defined as reflective thinking that focuses on deciding what to believed to do. 

In the learning of science, students' critical thinking can be seen from the ability of 

students to respond to every problem about everyday life. Critical students tend to be 

more active in trying to solve problems (Handoyo et al., 2019), self-corrective thinking 

(Mutakinati & Anwari, 2018), and can better recognize and regulate their emotions  

(Yao et al., 2018). They actively clarify a problem by asking, looking at a problem 

from a different side, digging up important information related to the problem to be 

solved, daring to express their opinions and ideas to criticize solutions that he thinks 

are rational, and able to draw conclusions from solving existing problems. 

Curiosity is one of the educational aspects that must be developed in learning. 

Curiosity is defined as a willingness to explore something that is unknown, meet new 

things, and accept uncertainty (Arnone et al., 2011). It is a personality (Kaczmarek et 

al., 2014), an integral aspect of science learning (Weible & Zimmerman, 2016), and 

the importance that an individual should have as a requirement of learning (Gulten et 

al., 2011). Students who have high curiosity are indicated by; enthusiastic to seek 

answers each question, attention to the observed object, enthusiastic on the science 

process, and put on every step of the activity (Nasution et al., 2018). 

Prior studies indicate that the students' critical thinking skills are not satisfactory. 

Critical thinking skills are still low (Khasani et al., 2019). Previous studies (Latifa et 

al., 2017; Qing et al., 2010; Miri et al., 2007) report that the students critical thinking 

skill is the lowest secondary school. The learning process that has been going on so far 

has not been able to improve critical thinking because cognitive aspects are only 

emphasized on results not on aspects of processes that involve critical thinking skills. 

In addition, the learning model applied by the teacher does not lead to the achievement 

of critical thinking skills. Practicing critical thinking requires a holistic approach 

using appropriate teaching modes that allow students to manipulate their cognitive 

processes to stimulate their critical thinking skills (Prayogi et al., 2018; Prayogi et al., 

2019; Wahyudi et al., 2018, 2019a, 2019b). The students curiosity in learning is also 

far from expectation. Ciptasari et al (2015) found that the students' curiosity is in a low 

category. Students' activity such as questioning or reading several relevant sources did 

not significantly increase in learning (Nasution et al., 2018). Therefore, it is necessary 

to make a serious effort by creating appropriate learning strategies for the continuous 

development of the students' critical thinking skills and the students' curiosity. 

Learning strategy is one of the external factors which affect the students' critical 

thinking skills and curiosity. Besides that, there are also internal factors, one of which 

is naturalist intelligence. Naturalist intelligences is defined as the potential to process 

information that is exhibited by naturalists (Hayes, 2009). Gardener (1999) believes 

that naturalist intelligences as firmly entrenched as the other intelligences. The 
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development of naturalist intelligence in children requires the right environment to be 

nurtured, because naturalist intelligence is literally related to the environment 

(Barbiero & Berto, 2018). To be able to develop optimally the naturalist intelligence of 

the child, it is necessary to have stimulation in children (Hasanah et al., 2019). 

Essentially, naturalist intelligence is a part of multiple intelligences possessed by 

humans. It involves sensitivity to problems or natural phenomena and the ability to 

distinguish between living and non-living things or beings (Rohmah, 2016). 

Characteristics that can be seen when children have naturalist intelligence include the 

ability of children to attract natural world, children's ability to mark similarities and 

differences around them, children's ability to mark patterns and natural objects, and 

children's interest in stories related to phenomena nature, and children like to pay 

attention to the nature around them. These characteristics continue to develop in 

children with increasing age (Hasanah et al., 2019). According to Roos (2017), 

students with high naturalist intelligence have a strong affinity for nature. Strong 

affinity is indicated by great interest in learning the topics related to nature and its 

phenomena. 

Classroom instruction is one of the efforts to develop the students' critical thinking 

skills and students' curiosity. Ideally, it ought to be designed to improve the students' 

academic performance as well as increase the students' curiosity. The learning models 

should be enriched with character education to helps schools develop students' morality 

(Dinkha, 2008). The instructional design which embeds character is important to make 

sure that the learning is also focused on character building, not a mere achievement of 

academic results. Designing and intervening in instruction systematically for creating 

a learning environment needs to be carried out and its effectiveness needs to be 

investigated in developing the students thinking skills (Tiruneh et al., 2018; Delaney et 

al., 2017).  

In the current research, the intervention in learning is the addition of character content 

to the syntax of problem-based learning which is later known as problem-based 

learning with character emphasis (PBL-CE). PBL-CE is a kind of PBL strategy 

designed by sharpening stages of the learning activities in order to strengthen the 

students' character and diversifying the syntax of PBL in terms of meaning in order to 

establish the students' character. Thus, the stages of the learning in PBL-CE are 

enriched with activities that encourage the students to the practice of forming 

characters consciously or unconsciously, without ignoring the meaning in the syntax of 

PBL itself. 

Existing research applying PBL integrated with multimedia, and its significantly 

influences the students' critical thinking ability (Susilawati et al., 2018). However, 

practicing critical thinking with multimedia including virtual laboratories still does not 

expose learners to real-world situations, because the process of training critical 

thinking will be better when there is conduction between the topic being studied with 

the real-world context (Hofstein et al., 2001), so the virtual laboratory (virtual fields) 

cannot replace real laboratories (Cassady et al., 2008). Complex, contextual, and 
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structural problems provide the students with an opportunity to develop their ability to 

think analytically, evaluatively, and reflectively and develop their creativity in 

exploring various information, develop various possible solutions, and create various 

sources to solve the problems faced (Tsai & Chiang, 2013). PBL increases the students' 

self-confidence, creates a supportive environment which leads to teamwork, enhances 

interpersonal communication and critical thinking skills, and build self-awareness 

(Moody et al., 2018; Aldarmahi, 2016). According to Aldarmahi (2016), PBL is useful 

for students in constructing knowledge, developing reasoning processes, improving 

independent learning skills, and increasing intrinsic learning motivation. This 

research seeks to find out the effect of PBL-CE and naturalist intelligence on the 

students critical thinking skills and curiosity. 

Problem of Research 

Facing the 21st century, education in Indonesia must be oriented to mathematics and 

science accompanied by social and human sciences (BSNP, 2010). Human resources 

needed are those who have the ability to think critically and solve problems (Eichmann 

et al., 2019; Osman, 2010; Oktay & Safak, 2012) and the ability to create and renew 

(Ertmer et al., 2014). The fact that occurs in Indonesian secondary schools, critical 

thinking skills has not become a serious concern in learning. The teachers’ do not 

consciously plan and carry out learning which only emphasizes low-level thinking 

skills. 

Education is not merely a function of transferring knowledge, but also as a driver for 

the development of noble values which are the basis for the development of good 

morals (Callina et al., 2018; Isdaryanti et al., 2018; Muliastuti, 2017). Good morals 

include curiosity. Therefore, schools must encourage students to be able to understand 

good moral values, have moral feelings, and finally have a strong commitment to carry 

out what they know and feel in moral action. In fact the cultivation of noble values, 

such as curiosity is still not running optimally. The science teacher considers that the 

inculcation of character is mostly done by the teachers who teach the religious subject. 

In addition, an assessment of students curiosity aspects is carried out by the teacher in 

order to complete the teaching administration when supervising learning by the school 

principal. 

Constructivism learning activities include observing phenomena, collecting data, 

formulating and testing hypotheses, through collaboration with others. This is in 

accordance with the nature of science which includes the scientific attitude of science, 

scientific processes, and scientific products. The scientific attitude of science is related 

to curiosity, humility, openness, honesty, positive models of failure, and responsibility. 

The science process is related to thinking skills, which is the process carried out by 

scientists through scientific methods. Science products include scientific concepts, 

principles, and theories. But the reality is that the teacher of secondary schools in 

Indonesia is still dominant in implementing regular learning and the learning process 

is more dominated by the teacher. In fact, the regular learning model has not been able 
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to develop students’ critical thinking skills and has not been able to accustom students' 

attitudes of curiosity. 

Research Focus 

This research focused on the effect of the PBL-CE on the students' critical thinking 

skills and curiosity, the effect of the naturalist intelligence on the students' critical 

thinking skills and curiosity, and the effect of the interaction between the PBL-CE and 

naturalist intelligence on the students critical thinking skills and curiosity. 

METHODS 

This was a quasi-experimental study conducted at secondary schools in Mataram – 

Indonesia, using treatment by level 3 x 2 design. Three kinds of treatments namely the 

PBL-CE (A1), the PBL (A2), and the RL (A3), were given to both the students with 

high naturalist intelligence (B1) and the students with low naturalist intelligence (B2) 

during the learning.  

The PBL-CE group is given PBL which is enriched by teacher activities that encourage 

the strengthening of student character. PBL groups are given learning with PBL 

strategies only. The RL group received learning as planned by the teacher. The lesson 

was carried out on a biology course for 10 sessions on the topic of the ecosystem and 

environmental change by the same teacher in three groups. 

Participants/Group 

The research subjects (participants) involved three randomly selected groups from two 

secondary schools. Participants involved in the PBL-CE (A1) group were 56 students, 

PBL (A2) group were 58 students, and the RL group (A3) were 56 students. The 

grouping of the students into B1 and B2 was based on the rank of their naturalist 

intelligence test scores. Group B1 covered 50% of the students achieving high 

naturalist intelligence test score and group B2 included 50% of the students achieving 

low naturalist intelligence test scores. 

Instrument and Procedures 

This study measures two variables that are students' critical thinking skills and. 

students' critical thinking skills are measured by essay test instruments, and students' 

curiosity is measured by self-assessment instruments. In this study also developed 

instruments to measure the natural intelligence, this is used to distinguish participants 

with high naturalist intelligence and low naturalist intelligence. Therefore, each 

variable developed its own instrument. The stages of instrument development, namely; 

presentation of conceptual definitions of variables, operational definitions of variables, 

instrument lines, preparation of instruments, determination of content validity, and 

testing of instruments to determine internal consistency and instrument reliability.  

Determination of the content validity using the Lawshe method. The value of the 

content validity is indicated by the content validity ratio (CVR) after being validated by 

six experts. The instrument test was conducted on 40 students who were not research 
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subjects. Based on the test results, the critical thinking skills test instrument consisted 

of 7 essay items having internal consistency ranging from 0,64 to 0,91 and the 

instrument reliability of 0,95. The 7 items students curiosity self-assessment 

instrument had internal consistency ranging from 0,40 to 0,78 and the instrument 

reliability of 0,88. The naturalist intelligence test instrument consisted of 29 items 

having internal consistency ranging from 0,32 to 0,63 and the instrument reliability of 

0,92. 

 

 

Data Analysis 

The data on the students' critical thinking skills and curiosity scores were analyzed 

using descriptive and inferential statistics. The descriptive statistics were used to get a 

level of students' critical thinking skills and students' curiosity. The inferential 

statistics Manova was used to test the research hypothesis at the 0,05 significance 

level. 

RESULTS AND DISCUSSION 

Critical Thinking Skills 

The effect of the treatment of the PBL-CE and naturalist intelligence on critical 

thinking skills is seen from normalized gain scores (NGs). The comparison of NGs of 

the students thinking skills in the three groups is presented in Table 1. The average 

NGs in the PBL-CE group is higher than the PBL and RL groups. The PBL and RL 

groups have the same category of critical thinking skills, namely low, but the BPL-CE 

group gets into the moderate category. Based on the data above, it is descriptively 

known that the critical thinking skills of the students taught with PBL-CE are better 

than the PBL and RL groups. Table 1 also reveals the comparison between NGs of the 

students' critical thinking skills with the students' high (B1) and low (B2) naturalist 

intelligence in group A1, A2, and A3. The average NGs of the students in the A1 

group are higher than those in the A2 group in the three treatment groups. The results 

indicate that the students' critical thinking skills with high naturalist intelligence are 

better than those with low naturalist intelligence. They also indicate that PBL-CE is 

able to encourage many students to get a very high and high category in comparison to 

the teaching and learning using RL. The distribution of the students' abilities in the 

critical thinking skills aspect based on NGs is presented in Figure 1. 

Table 1 
Students critical thinking skills based on NGs in the three groups 

Groups Naturalist Intelligence Mean Std. Deviation N 

(A1) PBL-CE (B1) High 0,4229 0,18294 28 

(B2) Low 0,4079 0,18685 28 

Total A1 0,4154 (Category: Moderate) 0,18337 56 
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(A2) PBL (B1) High 0,3514 0,19697 29 

(B2) Low 0,2493 0,20461 29 

Total A2 0,3003 (Category: Low) 0,20561 58 

(A3) RL (B1) High 0,3061 0,29494 28 

(B2) Low 0,2757 0,24586 28 

Total A3 0,2909 (Category: Low) 0,26947 56 

Figure 1 shows that the students in the PBL-CE group had a greater frequency for the 

moderate category than those in the PBL and the PR groups. This implies that learning 

using PBL-CE has a better effect on the students' critical thinking skills. 

 

 
Figure 1 

Comparison of the students' frequency based on NGs in each category of the students' 

critical thinking skills in the three groups. 

Students Curiosity 

Measurement of the students' curiosity was carried out after the treatment had been 

completed. The results of data analysis on the students' curiosity using descriptive 

statistics are presented in Table 2. It shows that there are differences in the average 

scores and categories of the students' curiosity in the three groups. The average score 

of the students' curiosity in the PBL-CE group is higher than those in the PBL and the 

RL groups. The PBL-CE and the PBL groups have the same category pertaining to 

curiosity, namely good, but the RL group gets into the lower category, namely fair. 

Based on the data, it can be descriptively stated that the students' curiosity taught with 

PBL-CE is better than the PBL and RL groups. 

Table 2 
Students curiosity in the three groups 
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Groups 
Naturalist 
Intelligence 

Mean Std. Deviation N 

(A1) PBL-CE (B1) High 3,0843 0,26599 28 

(B2) Low 3,0596 0,27175 28 

Total A1 3,0320 (Category: Good) 0,26789 56 

(A2) PBM (B1) High 3,0879 0,24972 29 

(B2) Low 3,0269 0,38813 29 

Total A2 3,0574 (Category: Good) 0,32493 58 

(A3) RL (B1) High 2,9254 0,40578 28 

(B2) Low 2,8532 0,27356 28 

Total A3 2,8893 (Category: Fair) 0,34481 56 

Table 2 also shows the comparison of the students' curiosity scores with the students 

with high (B1) and low (B2) naturalist intelligence in A1, A2, and A3 groups. The 

average score of the students’ curiosity for the A1 group was higher than the A2 group 

in the three groups. The results indicate that the students' curiosity with high naturalist 

intelligence is better than those with low naturalist intelligence. The PBL-CE is able to 

encourage many students to get into the very good and the good category in 

comparison to the learning using the RL. The distribution of the students based on the 

caring score category is presented in Figure 2. 

It is known from figure 2 that the students in the PBL-CE group have a greater 

frequency for a good category than those in the PBL and PR groups. This indicates that 

learning with PBL-CE had a better effect on the students' curiosity. 

 
Figure 2 

Comparison of the distribution of the students based on the curiosity score category in 

the three groups. 

Hypothesis Testing 
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Hypothesis testing of the Manova using SPSS 16.0 was applied to see the main and 

simple effect at the 0,05 significance level. The results of the analysis are presented in 

Table 3. 

Table 3 

The results of multivariate tests 

Effect F Sig. 

Intercept 7,600 0,000 

Groups 4,822 0,001 

Naturalist 1,093 0,338 

Groups * Naturalist 0,621 0,648 

 

In Table 3, it can be stated that (1) PBL-CE have a significant effect on the students 

critical thinking skills and curiosity, (2) naturalist intelligence have no significant 

effect on the students critical thinking skills and curiosity, and (3) The interaction 

between PBL-CE and naturalist intelligence have no significant effect on the students 

critical thinking skills and curiosity. 

The next analysis is to determine the effect of the PBL-CE variables and naturalist 

intelligence on each variable of the students' critical thinking and the students' 

curiosity. The results of the analysis are shown in Table 4.  Table 4 shows that there 

were significant differences in the average NGs of students' critical thinking skills and 

the students' curiosity scores between the PBL-CE, the PBL, and the RL groups. Thus, 

learning using PBL-CE affects students' critical thinking skills and curiosity.  

Table 4 

Tests of between-subject effects 

Source Dependent Var. Sum of Square df Mean Square F Sig. 

Groups aCT skills 0,540 2 0,270 5,479 0,005 

bCuriosity 0,928 2 0,464 4,658 0,011 

Naturalist aCT skills 0,103 1 0,103 2,081 0,151 

bCuriosity  0,029 1 0,029 0,287 0,593 

Groups * 
Naturalist 

aCT skills 0,062 2 0,031 0,627 0,535 

bCuriosity 0,140 2 0,070 0,704 0,496 

Error aCT skills 8,086 164 0,049   

bCuriosity 16,335 164 0,100   

Total aCT skills 27,884 170    

bCuriosity 1540,959 170    

Corrected 
Total 

aCT skills 8,793 169    

bCuriosity 17,432 169    

CT = Critical thinking 
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The post hoc test was conducted to ascertain the group having the best effect toward 

the variables of the students.  The results show that the differences in the average 

scores of the students critical thinking skills and the students curiosity. The students 

taught with the PBL-CE obtained the critical thinking average score which is 

significantly different from the PBL and RL group. PBL-CE treatment is the best 

treatment to improve students' critical thinking skills. Table 5 also shows that the 

students taught with the PBL-CE obtained higher curiosity average score and it is not 

significantly different from the PBL group, but they are significantly different from the 

RL group. However, PBL-CE treatment is the best treatment to improve students' 

curiosity. The results of the analysis are presented in Table 5. 

 

 

Table 5 

The results of the LSD test 

Dependent Variable (I) Groups (J) Groups Mean Diff. (I-J) Std. Error Sig. 

Critical thinking 
Skills 

1 2 0,1150* 0,04160 0,006 

3 0,1245* 0,04196 0,003 

2 1 -0,1150* 0,04160 0,006 

3 0,0095 0,04160 0,821 

3 1 -0,1245* 0,04196 0,003 

2 -0,0095 0,04160 0,821 

Curiosity 1 2 -0,0254 0,05913 0,667 

3 0,1427* 0,05964 0,018 

2 1 0,0254 0,05913 0,667 

3 0,1681* 0,05913 0,005 

3 1 -0,1427* 0,05964 0,018 

2 -0,1681* 0,05913 0,005 

Group 1 = PBL-CE, 2 = PBL, 3 = RL 

*The mean difference is significant at the 0,05 level 

The current research produces important findings regarding the effect of PBL-CE and 

naturalist intelligence on the students' critical thinking skills and curiosity. It showed 

that there is an effect of PBL-CE on the students' critical thinking skills and curiosity. 

The PBL-CE treatment is the best treatment to improve students' curiosity than those 

the PBL and the RL treatments. 

During the lesson using the PBL-CE, characters were purposedly designed through the 

teacher’s action at each stage in the learning syntax, including caring character. In 

several stages of the learning activities, there were always activities of the teacher to 

generate and strengthen the students' character and remind them to do something 

related to certain characteristics such as curiosity about the environmental and social 
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problems. In learning using PBL-CE, the students were faced with authentic problems 

in the environment surrounding them. The students get used to thinking critically 

when they are confronted with the ones which they often witness every day. The 

environmental problems the students dealt with were in the form of images and news 

of electronic media. The images and information from media are very appropriate for 

students to develop their thinking skills  (Sutarto, Indrawati, & Prihatin, 2018). When 

PBL-CE was carried out, the students were encouraged to arouse their curiosity about 

the problems which existed in their environment by learning the problems given.  

The results of the study also showed that there are no effect of naturalist intelligence 

and the interaction between PBL-CE and naturalist intelligence on the students' critical 

thinking skills and the students' curiosity. The PBL-CE seemed not to have a 

significant effect of activating the students' critical thinking skills and curiosity as it 

was paired with the students' naturalist intelligence. The PBL-CE and PBL did not 

only support the critical thinking skills and curiosity of the students with high 

naturalist intelligence, but also those with low naturalist intelligence. This condition 

was affected by PBL-CE and PBL which required both individuals and groups to 

participate actively in the activity of problem analysis, convey ideas, find the right 

information for solving the problem, build hypothesis, think about how the problem-

solving works, and set up logic about the relationship between one fact with another. 

The students with high and low naturalist intelligence can respond well to the learning 

activities carried out using PBL-CE, PBL, and RL. According to Witte and Rogge 

(2016), the students in the PBL are sometimes not better than those in the traditional 

class in terms of knowledge acquisition or problem-solving skills. 

One of the new findings in this study is that the problem-based learning with character 

emphasis treatment is able to encourage many students to get the higher categories of 

critical thinking skills and curiosity than those problem-based learning and regular 

learning treatments. The existing research only reveals the influence of PBL on 

students' critical thinking. The learning using PBL-CE gives the students a challenge 

in order that they can interact and solve the environmental problem given. Students 

ask closed questions and open questions about the environmental problems presented 

by the teacher. According to Almulla (2018) students who frequently ask open 

questions have better critical thinking skills. The completion of a problem requires 

analytical and critical thinking skills, analysis of possible solutions, evaluation of the 

problems and available solutions, and ability to design something as problem solving 

alternatives. These abilities need to be continually strengthened in the learning using 

PBL-CE, although the students taking part in it having high or low naturalist 

intelligence. It is different from the learning process using the regular learning which 

tends to place the students as the learning object. This has caused a decline in the 

ability of the students to analyze, evaluate, and create, and weaken the students' 

character in the learning. According to Aldarmahi (2016), in the PBL, the students are 

capable of integrating basic science with life problems in comparison to those in the 

conventional system. 
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CONCLUSION 

PBL-CE has a significant effect on the students' critical thinking skills and students' 

curiosity. It supports the students to get higher categories of critical thinking skills and 

curiosity. It is the best treatment to improve students' critical thinking skills and 

students' curiosity. Naturalist intelligence does not have a significant effect on the 

students' critical thinking skills and students' curiosity. The interaction between PBL-

CE and naturalist intelligence does not affect the students' critical thinking skills and 

students' curiosity. The students with high and low naturalist intelligence give the 

same response to the PBL-CE, the PBL, and the RL. The character can be 

implemented explicitly, in detail, and operational in PBL. PBL syntax can be enriched 

with activities that encourage students' critical thinking skills and express students' 

curiosity during learning. The teachers are required to be creative in developing 

learning resources needed in the learning process, such as student worksheets, tools 

and materials needed in the process of solving, problem, and assessment instruments 

for critical thinking skills and student curiosity that are valid and reliable. 

The limitation of this study is that it only measures the aspects of critical thinking and 

curiosity, whereas on the one hand character emphasis and naturalist intelligence are 

closely related to environmental attitudes. In addition, learning is carried out in 

biology courses on the topic of ecosystem and environmental change by the same 

teacher in three groups. Limited topics might influence the generalization of findings, 

and three classes taught by the same teacher can be bored and may affect the findings. 

To overcome these limitations, this study recommends several things that can be 

considered for further studies. First, further research can explore the effects of 

implementing the model conditioned in this study on environmental attitudes, and can 

also measure other variables such as learning motivation. Second, learning is carried 

out in biology courses with topics expanded with different teachers in each school or 

class. However, with a number of limitations, the findings in this study become 

important as a basis for further research. 
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