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the PBL method, the learners have presented an issue from daily life to be solved. For older learners, this problem is 
presented in such a vague and "complicated" way that they do not have any clear way or procedure to follow. Typically, 
the learners work in small cooperative groups. The teacher or the assistant (tutor) mostly assume a facilitator role in the 
group discussions but do not guide or control the research process (Westwood, 2008, p. 31). PBL educators have 
important roles like motivating the learners, engage them in the lesson, help them express their arguments with their 
reasons, and support them in expressing their original ideas (de Grave, Dolmans & van der Vleuten 1999, p 902 ). 

Studies have revealed that PBL has a positive effect on learner skills. In relation to the most prominent benefits of PBL, 
it could be stated that the method increases students’ ability to conduct research, integrates theory and practice, allows 
communication and group work, helps apply knowledge and skills to find an appropriate solution to a problem and 
develops self-directed studies (Dochy, Segers, Bosscher & Gijbels., 2003; Hung, 2009; Lopes, Filho, Marsden &Alves, 
2011; Mamede, Schmidt, & Norman, 2006; Rikers & Bruim, 2006; Wood, 2003). However, there are such 
disadvantages of PBL as problems related to working in groups, individuals’ not doing any preparations, establishing 
poor communication with each other, “having negative attitudes towards one another, experiencing potential problems 
with loafers not doing their share of the workload or with overly assertive members taking too much control, and having 
anxiety about collaborative learning experiences. Inexperienced teachers are likely to dominate and provide too much 
direction, and they potentially revert to didactic instruction, the role of the instructor and quality of the problem scenario” 
(Elder, 2015). 

As a result of the meta-analysis conducted on PBL, it was found that the PBL approach has a positive effect on the 
attitudes of learners toward science courses compared to traditional teaching methods. Ayaz, 2015 found that PBL has 
positive effects on the learner attitudes toward science courses, and the PBL approach has a higher effect (positive effect) 
on students’ academic achievement in chemistry. 

Various studies have shown that learners have difficulty in understanding many subjects in chemistry courses, have 
problems in visualizing subjects in their minds and have conceptual misunderstandings regarding these subjects (Çalık 
& Ayas, 2002; Karaçöp & Doymuş, 2012; Piquette & Heikkinen, 2005; Treagust, Chittleborough & Mamiala, 2003). In 
the last 30 years or so, in related literature, there have been many reports on students’ misconceptions, defined as any 
concept that is different from the widely accepted scientific understanding of the term (Nakhleh (1992), and difficulties 
with a variety of aspects of scientific reasoning (Grayson, Anderson, & Crossley, 2001). 

The subject of "gases" is one of the subjects that learners have a hard time learning (Doymuş, 2007; Hammar, 2013; 
Şahin & Çepni, 2012). The most challenging chemistry subject for learners is the "gases." The biggest reason for this 
seems to be the fact that gas concepts are too abstract for them (Şenocak, 2005). 

Many studies focusing on the subject of gases have found that employing multiple methods and techniques to teach it 
helps learners with this micro-level subject (Kaya, 2005; Ipek, 2007; Yeşiloğlu, 2007). 

When the relevant literature is analyzed, learners are found to harbor misconceptions regarding gases (Griffiths and 
Preston, 1992; Kariper, 2013) and have difficulty learning the subject of gases since it is an abstract concept. So as to 
prevent learners from coming to class with inadequate knowledge, it seems crucial to design opportunities and materials 
that will interest them in the subject and allow them to think rationally. To this end, it may help to present problems in 
the learning environment by drawing from daily life familiar to the learners at this early stage of their academic lives, 
which can increase their interest and motivation to learn the subject of gases. Thus, through this present study, learners 
are expected to realize that the subject of gases is not just composed of abstract concepts and formulas, but rather a 
result of the events in many stages of their lives, and thus become logical and meaningful for them. This study seeks 
answers to the research questions below. 

What is the applicability of the PBL method in the subject of "Gases" in the 9th-grade chemistry course taught at 
Hakkari Gazi High School, and what is the effect of this method on learners' success rates in chemistry, and on their 
attitudes and motivations toward chemistry? 

1. What is the effect of PBL on students’ academic achievement in chemistry?  

2. What is the impact of PBL on students' attitude toward chemistry? 

3. What is the effect of PBL on students' motivation for learning chemistry? 

2. Method 

2.1 Research Design 

Including both quantitative and qualitative research designs, the mixed research method is used in this study to be able 
to answer the research questions, and as one of the mixed methods of research, the embedded design is used.  
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The embedded design can be utilized when a qualitative component needs to be added to a heavily quantitative study, or 
a quantitative component needs to be included in a heavily qualitative study. In this design, compared to the primary 
data set, the secondary data set plays a supportive auxiliary role. Since different questions are answered and each 
question requires a different explanation, a single data collection set is not sufficient for this design. Embedded design 
comprises both qualitative and quantitative data. However, one type of data has an additional role within the scope of 
conception (Creswell and Plano-Clark, 2007). In this study, qualitative ( reports, worksheets paper, observations) and 
quantitative data (achievement test, questionnaire on motivation and attitude) were used. The qualitative data sets where 
used in a supportive role to find out students behavior, writing and reporting skills. 

2.2 Study Sample 

The sample for this study is composed of 56 Hakkari Gazi High School students taking a chemistry course, who are 
selected through convenience sampling. The implementation was conducted during the spring semester of the 
2014-2015 academic year. But before applying PBL to that school, permission was taken from “National Education 
Directorate” of the city of Hakkari. 

2.3 Data Collection Tools 

The following data collection tools are used by taking the research questions into account. 

1. Pre- and post- achievement tests to measure students' levels of achievement on the subject of "Gases." 

2. Questionnaire on attitude toward chemistry  

3. Questionnaire on motivation for chemistry 

4. Implementation material (Scenario) 

5. Course observation form 

6. Worksheets and assignment reports 

2.4 Development and Implementation of the Data Collection Tools  

In this section, the scales (data collection tools) developed or adopted from other studies for this research are 
introduced. 

2.4.1 Development and Implementation of the Gases Academic Achievement Test (GAAT) 

For the present study, "Gases Academic Achievement Test" (GAAT) has been developed to analyze the effect of PBL on 
student achievement. For the development of the GAAT, considering the predetermined outcomes and the concepts for 
these findings, 27 multiple-choice questions were prepared. To what degree the developed test matched the results and 
whether the questions met the cognitive learning level in the revised taxonomy of Bloom (Krathwohl, 2002) were 
analyzed. The piloting for the achievement test was carried out in Hakkari with students (n=107) who have just been 
taught the subject of "Gases". By assigning 1 point for each correct answer and 0 for each wrong respond to the 
achievement test was scored, and the item difficulty index and item discrimination index were determined first. As a 
result of the item analysis, item discrimination index for 5 questions was found to be lower than 0, and therefore, these 
5 questions were removed from the test. The reliability test conducted after the removal of these questions indicated that 
the reliability coefficient was 0.724. In cases where Cronbach’s Alpha value is 0.70 or higher, the scale is considered 
reliable (Sipahi, Yurtkoru and Çinko, 2008, s.89). Thus, GAAT can be said to be reliable. 

2.4.2 Attitudes towards Chemistry Questionnaire and Motivation in Chemistry Questionnaire  

The attitudes towards chemistry questionnaire used in this study was developed by Geban, Ertepinar, Yilmaz, Altin and 
Sahbaz (1994), it has 15 positive and negative 5-points Likert-type items ranging from strongly agree to disagree 
strongly. The items are generally like the following: 

 Chemistry is my favourite lesson 

 I generally spend time studying chemistry 

 Chemistry isn`t important in my daily life 

 I join chemistry lessons with pleasure 

 I`d like to learn more issues on chemistry 

 I get bored when I study chemistry 

The motivation in chemistry questionnaire was developed by Glynn and Koballa (2006). It includes 22, 5-points 
Likert-type items (Never, Rarely, Sometimes, Usually, Always ) to measure students' motivation in chemistry. Such as: 
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 I like to learn chemistry       

 The subjects I`m learning in chemistry are related to my aim 

 I want to be more successful than the other students in chemistry exams 

 I`m worried when I think about chemistry exams 

 I work hard to learn chemistry 

 I hate chemistry 

2.4.3 Development and Implementation of the Application Material  

A scenario was developed by taking into account the concepts to be learned to achieve the predetermined outcomes for 
the “Gases” subject. 

The application material was implemented with 15 10th grade students taking chemistry course in Hakkari High School. 
Firstly, the students were introduced to PBL and the procedure to which they are supposed to follow was explained to 
them. The students were handed out the achievement test course notes. The students were then divided into 5 groups. 
Each group was given the “Pepper gas and rising cake” scenario, and asked to discuss the scenario and answer the 
questions at the end of the scenario. Each student group answered the questions and presented them as a report. Students 
were also inquired about the intelligibility and applicability of the application material. The materials were then revised 
in the light of this piloting data. The final version of the application material is presented in Appendix A. 

Before the prepared material was implemented in the experimental group, they were first given the necessary 
information on the application of PBL. The students were put into a total of 5 groups. The 1st Group was named "Koma 
Gel", 2nd Group was "Karincalar" (Ants), 3rd Group was "Chemists", 4th Group was "Forever", and the 5th Group was 
"Stars," making 4 groups of 5, and 1 group of 6. The application material was implemented as explained above. 

2.4.4 Observation Form 

Student observation forms were developed to analyze the effect of PBL on student participation, their ways of 
presenting and sharing information, and their interpersonal relationships and social skills in the classroom environment. 

2.5 Data Analysis  

Since this study is predominantly quantitative, quantitative data collection tools were used and to support the 
quantitative data collection tools and obtain more detailed data, observational data collection tools were used as well. 
SPSS 18 package program was used for the analysis of the quantitative data. As a method employed for the analysis of 
textual and visual data, content analysis was used for the analysis of the observational data. This method follows a 
deductive model. During the content analysis, the researcher first develops categories regarding the research topic, and 
then counts the words, sentences or images within these categories in the data set (Özdemir, 2010). 

Table 1. Research Questions, Data Collection Tools and Data Analysis Methods 

Research Questions Data Collection Tools Data Analysis Methods 
1. What is the effect of PBL on students’ 
academic achievement in chemistry? 

 Gas Academic Achievement Test (GAAT). 
 

 Inferential statistics 

3. What is the effect of PBL on students’ 
attitudes toward chemistry? 
 

 Attitudes toward Chemistry Questionnaire 
(ACQ) 

 Observations

 Inferential statistics 
 Content analysis 

4. What is the effect of PBL on students' 
motivation for learning chemistry? 
 

 Motivation in Chemistry Questionnaire 
(MCQ) 

 Observations

 Inferential statistics 
 Content analysis 

3. Results 

3.1 The Results from Gas Academic Test 

The maximum and minimum possible scores for the achievement test are 0 and 21 respectively. That is, a student answering 
all the question correctly on the test will score 21, and the one answering all wrong will score 0. The GAAT pretest results for 
the PBL experimental group and the control group show that the mean values of the groups are similar, and the groups are 
homogenous, as shown in Table 2. As it can be seen from the Table 2 the pre-test of the control group and the experimental 
group is very similar. It is similar because before applying this study, with the help of the subject teacher, two homogeneous 
classes where found (units of comparison being academic achievement and the students gender). The students were also 
administered post-tests, and the results were significant, favoring the experimental group. Table 1 shows that the average 
achievement score of the experimental group significantly increased while it dropped for the control group. As shown in Table 
2, there is a significant difference (p< 0,05) between the experimental group taught via PBL and the control group taught via 
traditional approach. At the same time while experimental group taught Gases through PBL the control group were taught the 
same subject via the traditional approach (teacher centered) by the same teacher in the experimental group. 
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Table 2. Descriptive statistics of the achievement test 

ACHIEVEMENT Groups             
N

     Mean Std. 
Deviation

Sig. (2-tailed) 

Pre-test 1 27 7,5926 1,86587 ,147 
 2 29 6,7931 2,17747 ,145 
Post test 1 27 12,6296 3,06529 ,000 
 2 29 5,4828 2,45852 ,000 

On the other hand as it can be seen from Table 2 control group post-test has dropped.  

3.2 The Results from Motivation and Attitude Questionnaire 

The analysis of the results from the chemistry motivation and attitudes pre-and post- tests on the experimental versus 
control group indicates that:  

Table 3. Descriptive statistics of the motivation test 

MOTIVATION Groups Mean Std. Deviation Sig. (2-tailed) 
Pre-test 1 81,3043 10,65336 ,994
 2 81,2778 9,84471 ,993
Post test 1 84,0435 12,24180 ,094
 2 77,4444 12,15209 ,094

Table 4. Descriptive statistics of the attitude test 

ATTITUDE Groups Mean Std. Deviation Sig. (2-tailed) 
Pre-test 1 49,4783 5,70382 ,521 
 2 48,2778 6,12426 ,525 
Post test 1 50,0435 6,52602 ,566 
 2 48,7778 7,45619 ,573 

The analysis of the statistical values on Table 3 and Table 4 do not indicate any significant difference between the pre 
and post motivation and attitude test scores. 

3.3 Assessment of Worksheets and Reports  

For the study, the worksheets used by Tatar (2007) were adopted to have the students answer the scenario questions. 
Through these worksheets, students were made to write down about what they knew, what they needed to know and 
how they would obtain the information they needed. Furthermore, the reports that they submitted at the end of their 
presentations were analyzed and their ways of solving the questions were determined.  

During the analysis of the worksheets, as was the case in Tatar (2007), the scoring was as: 1 (weak), 2 (average) and 3 
(adequate), the analysis was conducted by considering the following criteria:  

 Listing “what he/she knows” on the worksheet regarding the problem.  

 Listing “what he/she needs to know” on the worksheet regarding the problem.  

 Writing the ways to obtain the information.  

 Table 5 below shows the scoring of worksheets and reports for each group. 

Table 5. Scoring criteria for worksheets and reports 

 Average
1. Itemizing what he/she knows for the solution of the 

problem 
    3 

2. Itemizing what needs to be researched for the solution 
of the problem 

    2.3 

3. Writing how to obtain the necessary information    3
4.  Presenting alternative solutions for the problem     2

3.4 Findings Obtained from Observation Forms 

The student behaviors elicited through camera and semi-structured forms in the observed classroom are grouped under 
two main categories: 

 Intra-group and inter-group communication 

 Presentation and problem-solving 

The results of the observations revealed the general student behaviors given in Table 6. 
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period for implementation of the study, students' unfamiliarity with the method, not having a good student-teacher 
dialogue, and the fact that attitude is an affective quality that can only change over an extended period (Baran, 2013; 
Bukova, 2006; Kutu, 2011; Wijnia, Loyens, & Derous, 2011). However, the literature review reveals that a majority of 
the research conducted on attitudes so far has found a positive effect of PBL on student attitudes (Gutwill-Wise, 2001; 
Liddle, 2000; Moralar, 2012; Overton, 2001). 

The statistical findings (as shown in Table 3) demonstrate that PBL does not have any significant effect on students' 
chemistry motivation, which is supported by Galand, Bourgeois, and Frenay (2005). Also, in another study where PBL 
course was applied, the statistical analysis indicated that some students enjoyed this method while some others resisted 
changing their learning styles and did not like many aspects of PBL, like cooperative learning (Derry, Levin, Osana, 
Jonesve & Peterson, 2000). In a similar vein, another recent study comparing PBL and conventional methods found that 
PBL could not always be seen to increase motivation (Wijnia, Loyens, & Derous, 2011). Besides, conducting the 
present study in a very short time (3 weeks) can be given as another reason for the lack of change in motivation. 
However, when the literature is reviewed, PBL is found to increase student motivation for courses (Haruna, Yusof, 
Jamaludinc & Hassan, 2013; Klegeris & Hurren, 2011; Kutu, 2011). 

The observation findings indicate that PBL help students to use their transferable skills, such as intra-group and 
inter-group communication, delivering presentations, problem-solving, reporting, and self-regulated learning. According 
to Norman and Schmidt (1992), PBL may increase knowledge retention, facilitate learning the new material by building 
on previous knowledge, increase student interest in the subject and can strengthen the students' self-learning skills. 
People may not be able to find other individuals to teach them how to do some certain things. Therefore, it is crucial for 
individuals to learn, early in their academic career, how to overcome a problem, what can be done in a particular 
situation and how to carry out research. Hence, using materials or applications to help them gain such self-learning 
skills is thought to be important.  

As a result of their study in which they aimed to evaluate students' perceptions of PBL, De Wet and Walker (2013) 
found that most of the students prefer group work due to its facilitation of comprehension. Overall, the students reported 
that inter-group communication enables to have information exchange with the help of presentations and reciprocal 
question-answering, which is supported by the observations conducted so far. The visual recordings of the observations 
in the current study indicate that Intra- and inter-group communication occurs. Another benefit of group work is on 
learning. Since groups exchange information both within and across groups, they have higher chances of 
communicating with more knowledgeable group members, which may allow students with lower knowledge level to 
learn. Coca (2013) found that the group with which he used the cooperative method had a higher level of achievement. 

One of the student assessment and evaluation methods in PBL is the oral presentation technique. The oral presentation 
also contributes to students' enhancement in their communication skills, expressing themselves clearly and articulately, 
transferring scientific information to their community, and indirectly to increasing their self-esteem. Many scientists 
assert that PBL improves oral presentation skill in various areas (Allen and Tanner, 2003; McGarvey, 2004; Kelly and 
Finalyson, 2007). 

Reporting is an activity that students carry out by researching, analyzing, and presenting their findings in writing either 
individually or as a group. Whether notes are viewed as significant or not, the need for students to write reports 
becomes quite urgent at times. An effective assessment tool should also provide a complete and objective reporting skill 
for the student activity (Waters and McCracken, 1997). Reporting, that is, written communication skills is a skill that 
will be used by students throughout their lives, which has been found to improve with the help of PBL. Likewise, King 
(2009) found that students' writing skills improve through the application of PBL method. Furthermore, in the findings 
section of the present study, as can be seen in Table 4, where worksheets are scored, and research report assessment 
results are given, the high scores of the students can be taken as an indicator that PBL method can help students gain the 
reporting skill.  

The observation findings of this study also identify some passive or uninterested students who are not engaged in the 
study. PBL may have some negative results besides its positive effects. Some of these potential drawbacks can be listed 
as remaining passive in the face of the dominant group members, inadequacy of the teacher in motivating the students, 
and failure of the scenario to provide sufficient motivation (Benbow and McMahon, 2001; Elder, 2015; Vardi & 
Ciccarelli 2008; Wells, Warelow & Jackson 2009). In a study carried out by Woods, Hall, Eyles, Hrymak and Duncan–
Hewitt (1996), it was found that it was challenging to deal with dominant group members both in tutorials PBL groups 
and PBL groups with a tutor. If there is a tutor in group meetings, he or she can help other students deal with the 
dominating students in a constructive manner, yet it might be quite challenging for the tutor (Kinnunen & Malmi, 
2005 ). 

In order for an individual to be free, he/she must be able to overcome his/her problems single-handedly. Such an 
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individual who can solve his/her problems on his/her own is an individual that has achieved self-regulated learning and 

thus has taken the first step toward becoming a successful scientist with a high self-esteem. PBL is a pedagogical 

method that give the students chance to practice their potentials such as problem solving, presenting skills, reporting, 

communicating, learning independent … etc. As such PBL can therefore be recommended for other subjects wıthın 

chemıstry and other subjects. 
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