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 In this research, the laboratory perceptions of pre-service science teachers with 

different goal orientations in analytical chemistry courses in which an inquiry-

based laboratory approach had been adopted were examined in a case study.  

From the pre-interviews conducted with 37 pre-service science teachers, 3 pre-

service science teachers with different goal orientations were identified using 
the purposive criterion sampling method. The pre-service science teachers‘ 

laboratory perceptions and goal orientations were monitored for a period of 11 

weeks and this process was implemented via reflective diaries, experiment 

reports and interviews. At the end of the research, the perceptions of the 

laboratory among the pre-service science teachers whose initial goal 

orientation had been avoidance of performance remained as confirmation and 

deductive during the 11 weeks. This fact notwithstanding, a change did occur 

in the laboratory perceptions of pre-service science teachers who had adopted 

a performance and mastery approach during the inquiry process. It was 

determined that during the inquiry process, the pre-service science teachers‘ 

perceptions of the laboratory were shaped by their goal orientations. This was 

discussed together with the underlying reasons in terms of the open-endedness 
and integration dimensions of laboratory perceptions. 
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Introduction 

 

In many countries, science programs have been reformed in line with inquiry-based learning goals (Abd-El-

Khalick, Boujaoude, Duschl, Lederman, Mamlok-Naaman, Hofstein, Niaz, Treagust & Tuan, 2004). In science 
classes in which this approach is adopted, students are taught science concepts (Hadson, 1996), the science 

process itself, and the nature of scientific inquiry (Strippel & Sommer, 2015). In an inquiry-based learning 

environment, students are expected to focus on searching for answers to questions regarding the natural world 

(Roberts & Bybee, 2014), on hypothesizing, testing these hypotheses and interpreting the results (Osborne, 

Collins, Ratcliffe, Millar and Duschl, 2003). Research carried out with respect to laboratory activities also 

shows that students cannot adequately utilize these activities (Novak, 1988).  It is observed that this is because 

the student‘s focus is rather on performing the experiment correctly (Hart, Mulhall, Berry, Loughran and 

Gunstone, 2000) and on verifying the knowledge presented in textbooks or in lectures (Watson, Prieto and 

Dillon 1995). Students‘ perceptions of laboratory practices are decisive in their focus on laboratory practice and 

they are expected to develop with the inquiry-based learning environment. However, the same amount of 

development may not be gained by each student, because students‘ interaction level with this environment 

varies. Their goal orientation is an indicator of this variation in the interaction level. Therefore, the perception of 
students differs with respect to their goal orientations. In this study, the laboratory perceptions of pre-service 

science teachers with different goal orientations were examined in an inquiry-based learning environment for 11 

weeks. The difference in the development of their perceptions in this environment was explained by their goal 

orientations. 

 

 

The Inquiry-Based Learning Environment and Perceptions of the Laboratory (Open-Endedness and 

Integration) 

  

In a learning environment where scientific inquiry is included, students learn both how science is done (science 

process) and what the nature of scientific inquiry is (Strippel & Sommer, 2015). In this environment, questions 
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are asked and answers to these questions are explored consistently and cyclically (Osborne, Collins, Ratcliffe, 

Millar and Duschl, 2003). A student involved in this environment experiences in exactly the same way the 

process that scientists go through with the aim of searching for answers to questions regarding the natural world 

(Roberts and Bybee, 2014). This student tests hypothesizes, solves a problem and interprets the results. S/he is 

aware that each scientist utilizes different methods as required by the nature of scientific inquiry, and sees in this 

environment that the same results are reached through different methods (Erten, Kiray, & Sen-Gumus, 2013; 
Lederman, Lederman, Bartos, Bartels, Meyer, & Schwartz, 2014). S/he experiences the effects of different 

experiences, socio-cultural structures and creativeness (Osborne, Collins, Ratcliffe, Millar and Duschl, 2003) 

upon the development of scientific knowledge (Sandoval, 2005). S/he realizes that scientists recognize that 

making observations and measurements are core elements of scientific research (Osborne, Collins, Ratcliffe, 

Millar and Duschl, 2003).  

 

Inquiry levels in all learning environments cannot be expected to be at the same level. The ‗inquiry level‘ refers 

to the level at which students use inquiry skills during a course. In addition, the laboratory approach adopted 

(laboratory approach for integration) (Domin, 1999) and the characteristics of the inquiry level (Buck, Bretz and 

Towns, 2008) provide information about the inquiry level of the lesson. All these characteristics of a learning 

environment play a determinative role in pre-service science teachers‘ perceptions of the inquiry-based 

laboratory approach.  
 

Laboratory experiments have been classified as Confirmation, Structured Inquiry, Guided Inquiry, Open Inquiry 

and Authentic Inquiry according to their inquiry levels (Buck, Bretz and Towns, 2008). Whereas the path to be 

followed and the result are provided to the students at the level of the Confirmatory type of experiment, the 

result of the experiment is not provided at the level of Structured Inquiry. While the problem, method and 

purpose of the experiment are provided at the level of Guided Inquiry, only the problem case is provided to the 

students and they are expected to use the other skills at the level of Open Inquiry. At the level of Authentic 

Inquiry, students are occupied with the problems they have brought to the classroom and construct the other 

processes themselves. As the Confirmation level proceeds to the Authentic Inquiry level, the number of inquiry 

skill types used by the students increases, and they also use their high-level thinking skills more (Table 1). 

 
Table 1. Inquiry levels in laboratory education (Buck, Bretz and Towns, 2008) 

Inquiry level Problem 
Method and 

Purpose 

Analysis of the 

Results 
Result 

Confirmation Provided Provided Provided Provided 

Structured inquiry Provided Provided Provided Not provided 

Guided inquiry  Provided Provided Not provided Not provided 

Open inquiry  Provided Not provided Not provided Not provided 

Authentic inquiry  Not provided Not provided Not provided Not provided 

 

The deductive approach is used in laboratory applications if it is aimed to reinforce or prove the subjects 

described in the course. On the other hand, the inductive approach is used if it is aimed to create a theoretical 

framework with experiments (Table 2). When compared to the inductive approach, it is possible to say that 

inquiry is at a lower level in the deductive approach. This is because in the deductive approach, the result of the 

experiment is already obvious prior to the experiment. The students are not expected to use their high-level 
thinking skills (Domin, 1999). 

 

Table 2. Laboratory approach (Domin, 1999) 

Type of approach 
Theoretical knowledge  

prior to the experiment 

Deductive  Provided 

Inductive  Not provided 

 

Although the laboratory environment has been classified according to the inquiry levels and approaches 

adopted, the way students identify this learning environment and their active participation in this learning 

environment differ from these definitions.  This is because their perceptions of the learning environment are 

determinative when they identify and participate actively in this learning environment (Moos and Trickett, 

1987). When a student participates in a chemistry laboratory in which inquiry is at the highest level, if s/he 

perceives the laboratory environment only as reinforcing theoretical knowledge, then his/her active participation 

in this learning environment remains at a limited level. Some students may perceive the laboratory environment 
only as a tool for repeating, reinforcing and visualizing the subjects lectured. However, some of them may 

perceive the laboratory as a place to test a hypothesis, to solve a problem, and to explore knowledge. In this 
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research, the pre-service science teachers‘ perceptions of laboratory practices were examined in terms of the 

dimensions of Open-endedness and Integration set forth by Moos and Trickett (1987).  Open-endedness is 

related to the degree to which each student is able to carry out different experiments in a laboratory environment 

whenever desired, and Integration is related to the degree to which activities done in a laboratory are integrated 

with the course subjects (Moos and Trickett, 1987).  

 
 

Studies on the Perceptions of the Chemistry Laboratory 

 

Many studies have been conducted in recent years on perceptions regarding the laboratory and most of these are 

works of quantitative research. The present study aimed at determining teachers‘ and students‘ perceptions of 

the laboratory, defining the factors that influence their perceptions, establishing models that associate 

perceptions with variables, and determining differences in perceptions. Burrows, Nowak and Mooring (2017) 

determined 8 different kinds of perception (Independent, Socialite, Explorer, Mastery, Skill Developer, Detail-

Oriented, Timesaver and Apathetic) using some semi-structured questions in a project-based organic chemistry 

laboratory. They classified these perceptions according to their levels of difficulty. Henderson, Fisher and Fraser 

(2000) reported that when laboratory experiments are associated with theoretical lessons, Australian students‘ 

perceptions of the laboratory changed in a positive way. Lang, Wong and Fraser (2005) asserted that when 
laboratory experiments are associated with theoretical lessons and there are specific rules in the laboratory 

environment, Singaporean students‘ perceptions of the general chemistry laboratory environment were 

positively affected. However, these studies focused only on detecting whether or not there was a relationship 

between theoretical knowledge and laboratory experiments. The direction of this relationship was not queried. 

When the matter of inquiry-based learning is considered, it is useful to determine how the laboratory 

environment is perceived since the relationship between laboratory experiments and theoretical knowledge 

provides us with information about the inquiry level in the laboratory. Conducting experiments after a lecture 

may lead the students into forming a perception regarding reinforcing their knowledge, and repeating the 

experiments and discussing related topics. In addition, explaining the concepts involved in an experiment after 

its performance creates a perception about exploring and constructing the knowledge attained. 

 
Domin (2007), Aydoğdu (2017) and Eymur (2018) associated students‘ perceptions of the laboratory with the 

methods used in a laboratory. Whereas some students indicated that the active learning approach had more of an 

effect on their learning and positively affected students' perceptions of the laboratory, some indicated that the 

traditional approach was more effective in terms of learning. Although these studies show that methods have a 

generally positive impact on students‘ perceptions of the laboratory, they do not sufficiently explain this impact. 

It is difficult to determine why and how perceptions are affected through only quantitative research (Nakhleh, 

Polles and Malina, 2003; Burrows, Nowak and Mooring, 2017). Although quantitative research can identify 

effects, it is inadequate in explaining how these effects occur. In this research, students‘ perceptions were 

examined in terms of the dimensions of Open-endedness and Integration through the use of qualitative tools.  

In this research, the pre-service science teachers‘ perceptions of the laboratory were examined, because there are 

limited studies on the laboratory perceptions of pre-service science teachers in the literature. The research in the 

literature on the topic of how the laboratory is perceived is predominantly based on the laboratory perceptions of 
students and teachers. On the other hand, determining how pre-teachers perceive the laboratory is as important a 

matter to be discovered since a pre-service science teacher‘s perception of the laboratory has a significant effect 

upon the choice of teaching methods s/he uses in his/her own professional life (Nuangchalerm and Prachagool, 

2010). The perceptions of laboratory practices of pre-service science teachers are shaped by previous or current 

learning roles (Duru, 2006) and by the content of teacher education programs (Tatar, Yıldız Feyzioğlu, Buldur 

and Akpınar, 2012). The roles pre-service science teachers play in the laboratory environment, the time they 

spend in these roles and their levels of achievement can all shape their perceptions (Doyle, 1997; Tatar et al., 

2012).  

 

Church, Elliot and Gable (2001) associated perception of the laboratory environment with goal orientation and 

learning outcomes. Tsai (2003) tried to explain through an epistemological outlook why there is a difference 
between students' and teachers' perceptions of the laboratory environment. Galloway, Malakpa, and Bretz 

(2015) explain students‘ affective experiences in the general chemistry laboratory, and associate these with 

cognitive and psychomotor experiences. In this study, it was determined that students explain their affective 

experiences in the chemistry laboratory through their perceptions of control over their learning and their 

perceptions of their responsibilities in the course. Another significant finding of this research was that students‘ 

perceptions in the laboratory environment are shaped by their experiences and responsibilities in that 

environment. Therefore, in order to change students‘ perceptions of the laboratory in the targeted way, they 

must be assigned responsibilities in the learning environment so that they are enabled to gain experiences in this 
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environment. With the inquiry-based laboratory approach, students realize their responsibilities in the laboratory 

environment if they can bring the problem to the laboratory environment themselves, think about solutions for 

the problem, and experience these by suggesting solutions. In addition, by making observations after choosing 

the appropriate tools, organizing and interpreting all the data, and achieving the solution, they can both perceive 

the responsibilities of and also work as scientists.   

 
In an inquiry-based laboratory environment, it cannot be expected that each student will take on the same 

responsibilities and experience the learning environment at the same level. The differences between 

responsibilities and experiences also cause differences in how the laboratory is perceived. Another point that has 

not been covered sufficiently in the literature and requires to be discussed is the reason why each student does 

not experience and take responsibility at the same level in a learning environment. Answering this question will 

also indicate why there are differences between students‘ laboratory perceptions. Taking on responsibilities and 

experiencing at different levels can be explained with many variables (beliefs and knowledge about the nature of 

inquiry, beliefs about teaching and learning, etc.). In this research, these differences are explained by 

achievement goal orientation. It is thought that there is a strong relationship between laboratory perception and 

achievement goal orientation (Church, Elliot and Gable, 2001).  

 

There are many studies in the literature in which students‘ perceptions of the laboratory have been analyzed 
through the dimensions of open-endedness and integration. However, these quantitative studies do not 

sufficiently explain the reasons for different perceptions of the laboratory. In addition, they do sufficiently point 

out the association between perceptions, inquiry-based learning, and goal orientation.   

 

 

The Reason for the Differences in Pre-Service Science Teachers’ Perceptions of the Laboratory: Goal 

Orientation 

 

In an inquiry-based learning environment, it is not expected that every pre-service science teacher‘s perception 

of the laboratory environment will develop in the same way, since their aims and efforts before they come to the 

learning environment may be different from one another. Achievement goal orientation refers to why and how 
individuals work to achieve the goals they set out to attain, rather than which goals they strive for to be 

successful. This orientation is the main factor that ensures that individuals are motivated enough to be 

successful (Lewis, 2018). Linnenbrink and Pintrich (2002) have explained goal orientation in terms of the 

dimensions of Mastery goal, Performance approach and Avoidance of Performance approach. Other researchers 

have analyzed it as Mastery goal, Mastery goal approach and Avoidance of Mastery goal (Jagacinski and Duda, 

2001). 

 

In the mastery goal approach, the student focuses on learning, understanding and on the task itself. For his/her 

development, s/he uses the standards and the process, and tries to understand the subject/task thoroughly. In the 

avoidance of mastery goal approach, the student may avoid making a mistake although s/he focuses on his/her 

own learning. In the performance approach, the student focuses on being superior, being the best and the 

cleverest student among the others, and being the best in comparison to others when performing the task. In the 
avoidance of performance approach, the student avoids being seen like a miserable and foolish person, getting 

the lowest mark, and being the most underperforming student of the class. Students with an avoidance of 

mastery goal focus on their own learning. However, students who adopt the avoidance of performance approach 

are interested in what others say.  

 

For those pre-service science teachers who adopt different goal orientations, it is expected that their perceptions 

of the dimensions of open-endedness and integration will be affected differently in an inquiry-based learning 

environment (Church, Elliot and Gable, 2001)(Figure 1). For pre-service science teachers who are anxious about 

making mistakes or suffering embarrassment, the level of their participation in the inquiry process is lower 

(avoidance of performance approach) (Linnenbrink and Pintrich, 2002). In this case, their interactions with other 

pre-service science teachers also remain at a limited level. A pre-service science teacher who does not want 
his/her inefficacy to be recognized by others wants to conduct the experiment that his/her teacher provides or 

s/he brings to class some available experiments s/he has obtained from experiment books, rather than designing 

a new experiment. Although s/he is in an inquiry-based learning environment, s/he adopts a role in that learning 

environment in which the confirmation approach is adopted (APO). Instead of discovering the information, the 

information s/he receives directly from the source (teacher, textbook etc.) reduces the level of anxiety (API).   
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Figure I. Theoretical framework of students‘ perception of the laboratory and goal orientation 

 

For a pre-service science teacher whose goal is to be the most successful student in a class or group and to 

obtain the best grade, his/her relationships with peers are based on competition (Schunk, 1996). It is even 

possible that this pre-service science teacher who wants to be the best in the class acts unethically and changes 

the results of experiments that diverge from expected results (performance approach). Moreover, pre-service 

science teachers who have a low level of perception in terms of open-endedness and integration also participate 

in the learning environment at a low level.  These students determine and memorize the knowledge they 

consider to be important, and focus on memorizing important details, rather than adopting a holistic view 

(Marton and Saljo, 1976). In a laboratory environment, it is expected that pre-service science teachers who 

possess a surface learning strategy will also approach the problem superficially. After some time, the surface 
approach restrains active participation in determining and solving the problem. In this case, the pre-service 

science teacher prefers the experiments that lead to the correct result. For those pre-service science teachers who 

do not participate in the lessons actively, they do not need to make an effort to design an experiment (PO). They 

are not able to relate to the practices with theoretical knowledge, and surface strategies direct the students to 

adopt the confirmation approach (PI).      

 

However, pre-service science teachers with an in-depth approach to searching for and formulating a meaning at 

the basis of their research (mastery goal orientation) participate in the learning environment more actively and 

establish more positive relationships with the other students. These pre-service science teachers have a high 

level of laboratory perception. It is expected that the process of adaptation to the inquiry-based learning 

environment of these pre-service science teachers will be faster than that of those who have a low level of 
perception, because these pre-service science teachers exhibit a more qualified participation in the inquiry-based 

learning environment. These pre-service science teachers do not participate in the inquiry-based learning 

environment with the purpose of asserting themselves and they are not anxious about having their deficiencies 

noticed by their teacher or peers. They focus on conceptual change, enhancement of inquiry skills and the 

solution to the problem. They therefore address laboratory experiments and theoretical knowledge as a whole, 

not separately (MI). They use the theoretical knowledge they have obtained with the aim of solving the problem, 

associating this with previous concepts and exploring new knowledge. They attain theoretical knowledge 

through different paths. For these pre-service science teachers, there is not only one source of knowledge. 

Experiment results, course books, teachers and the Internet are sources that generate knowledge. They can thus 

collect knowledge through different paths and reach a synthesis (MO).    

 
Due to the nature of the inquiry-based learning environment, some pre-service science teachers may develop in 

the inquiry process of goal orientations. This development may also change their interaction with the learning 

environment and therefore their perceptions. Pre-service science teachers‘ goal orientations are related to their 

understanding and interaction with the learning environment, and the process can vary with the characteristics of 

the learning environment. 
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Importance of This Study and Research Question 

 

Pre-service science teachers‘ education life before or during their university education has a significant 

influence on developing their perceptions of the laboratory environment in a desired way. Tillema (1998) has 

stated that interaction with the learning and teaching environment plays a significant role in forming beliefs. He 

has also indicated that a long time period is needed for a change in beliefs, and that beliefs change gradually. 
Also, a perception of the laboratory in accord with this approach is required to be formed for a pre-service 

science teacher expected to perceive the implementation of a program that is grounded on the inquiry-based 

approach. This perception can be acquired only by gaining an active role in a learning environment where 

inquiry exists.  In this way, a pre-service science teacher studying in a learning environment where inquiry 

exists is able to recognize the process, to query and to realize his/her own learning. By playing an active role in 

this environment, s/he develops empathy for his/her own teaching life. If s/he finds it reasonable and 

experiences that it serves the purpose, s/he internalizes the process and becomes motivated to use it. S/he gains 

practicability for the future. Thus, it may be easier for her/him to break free from inflexible beliefs s/he has 

carried from the past, and is enabled to develop the desired beliefs. In this research, an attempt will be made to 

explain the reasons for development of pre-service science teachers‘ perceptions of the laboratory by goal 

orientation. The goal orientation determines the level of interaction of pre-service science teachers with the 

learning environment. Knowing the reasons for development of their perceptions and the relationship between 
goal orientation and laboratory perceptions may guide educationalists and researchers in arranging the learning 

environment. For teachers and pre-service science teachers, arranging and applying positive environments 

makes a contribution to attaining the basic knowledge regarding how students will enhance their academic 

performances (Membiela and Vidal, 2017). Doing research on the reasons for changes in perceptions of the 

learning environment will make a contribution to the research done regarding learning environments. 

 

The different participation levels of pre-service science teachers in the inquiry-based learning environment will 

also cause differences in perceptions. The purpose of this research was to examine the perceptions of the 

laboratory (open-endedness and integration) of pre-service science teachers with different goal orientations in an 

inquiry-based analytical chemistry environment for a period of 11 weeks. The reasons for the differences in their 

perceptions were explained by goal orientation. Each case (APO, API, PO, PI, MO, MI) in Figure 1 will be 
examined separately. Within this context, an answer to the following question was sought: 

 

What are the laboratory perceptions of pre-service science teachers with different goal orientations in terms of 

the dimensions of open-endedness and integration over a period of 11 weeks? 

 

 

Methodology of Research 
 

Study Model 

 

The pre-service science teachers‘ perceptions of the chemistry laboratory environment (open-endedness and 

integration) was examined as an illustrative case study (Davey, 1991) in the context of the analytical chemistry 

course offered to pre-service science teachers in the Faculty of Education of one of the state universities in 

Turkey. This method was used in order to determine in-depth the perceptions of prospective teachers with 

different aim orientations. The laboratory perceptions of pre-service science teachers with different goal 

orientations constitute the case studied in this research. 

  

 

Sample of Research 

 

The study group was determined using the purposive criterion sampling method (Patton, 1990). Included were 

37 pre-service science teachers who were taking analytical chemistry courses taught with an inquiry-based 

learning approach. The criteria in this research were the pre-service science teachers‘ goal orientations. From 

among the 37 pre-service science teachers, preliminary interviews were held with 27 who had agreed to 

voluntarily participate in the research that was to explore their learning environments, goal orientations and 

perceptions of the laboratory. According to the results of the preliminary interviews, the laboratory perceptions 

of 3 pre-service science teachers who had different goal orientations were monitored in an inquiry-based 

learning environment. When explaining the pre-service science teachers‘ characteristics, the pseudonyms of 

Raziye, Ömer and Büşra were used rather than their real names. 
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The pre-service science teachers‘ previous learning environments had some common characteristics: 

experiments were not usually included in the science classes, and those that were included were demonstrative 

experiments conducted for verifying knowledge. The preliminary interviews indicated that practices such as 

detection of the problem, speculating, sharing results, observing and comparing the predictions were not 

included before or after the experiment. The pre-service science teachers stated that their teachers usually had 

not included laboratory experiments due to limited course hours, the large number of subjects to be taught, 
crowded classes, insufficient experimental materials, and inadequate laboratory security.   

 

Each pre-service science teacher usually considered the laboratory environment as a place where the teacher 

performs experiments with the aim of reinforcing a subject after lecturing. In this environment, the students‘ 

perceptions did not involve entering into a dialogue with other students. Unlike the other pre-service science 

teachers, however, Büşra stated that students could perform teacher-controlled experiments if the experiment 

was suitable to the students‘ knowledge levels. All of the three pre-service science teachers stated that the 

teacher should decide how the experiment should be performed so that the results are reliable. They said that in 

the case of inadequate lab conditions, the laboratory experiments would require minimum safety measures and 

might be performed by the teacher in class. During the pre-interview, Büşra adopted the mastery goal approach, 

Raziye adopted the performance approach, and Ömer adopted the avoidance of performance approach. 

 
 

Data Collection Tools and Analysis of Data 

 

Instrument and procedures, instrument and procedures, instrument and procedures, instrument and procedures, 

instrument and procedures, instrument and procedures, instrument and procedures, instrument and procedures. 

The pre-service science teachers‘ perceptions and goal orientations were examined for a period of 11 weeks 

through semi-structured interviews, reflective diaries, researcher‘s notes and experiment reports, all of which 

they prepared after each activity. 

 

 

Interview Forms (IF), Reflective Diaries (RD) and Reformed Teaching Observation Protocol (RTOP) 
 

The semi-structured interviews were held with the pre-service science teachers before the practice sessions 

(preliminary), between the 6th and 7th sessions (interim), and after all sessions were completed (final) (see 

appendix). The pre-service teachers were then requested to prepare the reflective diaries after each activity. In 

order to determine the level of inquiry actualized, the sessions were observed and recorded with a camera 

throughout the 11 weeks (66 hours) by two independent observers. The RTOP developed by MacIsaac and 

Falconer (2002) was used to analyze the observations. This form consists of the dimensions of ‗planning and 

conducting the lesson‘, ‗content‘ and ‗class culture.‘ In addition, the content dimension includes the sub-

dimensions of ‗recommended knowledge‘ and ‗procedural knowledge‘ and the class culture dimension includes 

the sub-dimensions of ‗cooperative learning environment‘ and ‗interaction between teacher and student.‘ The 

data collected for the pre-service science teachers‘ perceptions of the laboratory and their goal orientations were 

analyzed with the descriptive analysis approach. During the analyzing process, each interview question was 
addressed as a theme/dimension related to each sub-goal. The data obtained from the reflective diaries (11 forms 

for each activity), the interviews with the prospective teachers (preliminary, intermediate and final), the 

experiment reports and the RTOP form (11 forms for each activity) were analyzed as presented below (Bakiler, 

2017). 

  

 The initial stage of analysis was a complete read through of the data according to the dimensions of 

perceptions of the laboratory environment and goal orientation. 

 Data not related to this study were eliminated. Expert opinion was taken to ensure that the text 

selection was not inaccurate. 

 The selected text was divided into parts for laboratory perception and goal orientation. 

 The parts of the information were coded by reading them again. 

 The words used in coding were listed. Similar codes were grouped. 

 The text was read again by considering the codes. Quotations that supported the codes within the text 

were made. 

 The codes within the same group were associated with previously defined dimensions (open-

endedness, integration, goal orientation). 

 

While the pre-service science teachers‘ perceptions of integration were examined according to the laboratory 

approaches suggested by Domin (1999), their perceptions of open-endedness were analyzed according to the 
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inquiry levels of the experiments suggested by Buck, Bretz and Towns (2008). For a pre-service science teacher 

who requests the experiment to be prearranged and provided by the teacher or who obtains an available 

experiment from a resource, that pre-service science teacher‘s dimension of open-endedness is accepted as 

confirmation. Goal orientations were analyzed according to the dimensions determined by Linnenbrink and 

Pintrich, (2002). 

 
 

Experiment reports (ER) 

 

The experiment reports explain the level of interaction of the pre-service science teachers with the inquiry-based 

learning environment. With the purpose of monitoring the pre-service science teachers‘ perceptions of the 

laboratory environment, the teachers were requested to prepare a report for each activity. In these reports, the 

way the pre-service science teachers identified the problem, generated a hypothesis, designed the research, 

determined variables, collected, recorded and reported data, used scientific language, and utilized resources 

were monitored. Additionally, accuracy of the data that were collected in the reflective diaries and interviews 

was tested. For example, indications of the purpose of the experiment, the diversity of the experiment designed, 

the sources utilized while designing the experiment and associating the theoretical knowledge with the 

experiment result while interpreting it provide insight to the researcher as to the participants‘ perceptions and 
goal orientations.  

 

 

Description of the inquiry-based analytical laboratory 

 

The researcher taught the analytical chemistry courses in the laboratory environment for 11 weeks (66 course 

hours), using the model offered by Osborne, Collins, Ratcliffe, Millar & Duschl (2003). This model consists of 

the dimensions of Science and Inquiry, Diversity of the Scientific Method, Testing the Scientific Method and 

Thoughts, Making Observations and Measurements, Analyzing and Interpreting the Data, Hypothesizing, 

Making a Guess, and Creativity. 

 
During the implementation process of the analytical chemistry courses, a problem case or a hypothesis was 

provided at the introduction stage of the course (1 hour), and the pre-service science teachers were asked to 

discuss the problem case and hypothesis. The discussion explored the truthfulness of the propositional statement 

in terms of detecting and solving the problem. The pre-service science teachers were asked to design and 

perform experiments to provide justifications for their assertions. They conducted research in groups during out-

of-course hours with the aim of verifying their assertions. This research was carried out for the purpose both of 

forming theoretical frames and of designing experiments. The researcher provided guidance with respect to the 

experiments that the pre-service science teachers designed in the laboratory (2 hours) in terms of the adequacy 

of the experimental materials they would be using in the laboratory and the safety measures to be taken in the 

experimental environment.  

 

Table 3. The subjects taught during the 11-week implementation process and the inquiry levels of the 
experiments 

Week Subject The inquiry level of the experiment 

1 
Definition of Analytical chemistry, Research Interests, 

Solution Preparation 
Guided inquiry 

2 Methods of Analysis, Qualitative Analysis Guided inquiry 

3 Methods of Analysis, Quantitative Analysis Guided inquiry 

4 
Acid-Base Definitions: Arrhenius, Solvent Systems, 

Bronsted Lowry, Lewis, Ionization Reaction of Water 
Open inquiry 

5 
Characteristics of Acids and Bases, Reactions of Acids 

and Bases, Metal oxide, Non-metal oxide, Conductivity 
Open inquiry 

6 

Acid-Base Power, Power of Bronsted-Lowry Acid Base, 

Hydrolysis, Cations which Include Hydrogen, Metal 

Cations 

Authentic inquiry 

7 
Acid-Base Power, Acidity Power and its Molecular 

Structure, Hydrides, Oxyacids  
Authentic inquiry 

8 pH Concept Open inquiry 

9 Indicators  Authentic inquiry 

10 Reactions of Acids and Bases, Neutralization, Titration Open inquiry 

11 Hydrolysis, Buffer Solutions Open inquiry 
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The groups set up and performed the experiments, testing their hypotheses during the course hours (2 hours). At 

the end of the course, the groups were asked to explain their research methods and results, and these were 

compared in a discussion environment both with each other and with the available theoretical knowledge (1 

hour). The pre-service science teachers prepared their experiment reports and were asked to write down the 

results and complete the interpretation section of the reports on an individual basis. The subjects taught during 

the 11-week implementation process were interrelated (Table 3). During this period, the teacher of the course 
did not provide the pre-service science teachers with a lecture. The teachers were requested to offer explanations 

after considering the theoretical frame of the subject. The courses were taught by adopting the inductive 

approach.  

 

There were times during the lecture when the pre-service science teachers designated the subject of the next 

week‘s experiment. A question a pre-service science teacher asked during a lesson was asked in the next lesson 

as part of a scenario or as a direct question (6th, 7th and 9th weeks). Although the pre-service science teachers 

in the groups were expected to design the research, they did not always come to class with an experiment they 

had designed. Therefore, the inquiry level of that lesson fell and the way the experiments would be performed 

was prearranged and provided to the pre-service science teachers by the researcher (1st, 2nd and 3rd weeks). For 

instance, while they were performing an experiment about the reaction of acids and bases in the 5th week, one 

of the pre-service science teachers asked if an acid‘s effect upon active metals would be at the same level if the 
acid‘s type or concentration were to be changed. The question was not answered directly but left to the other 

pre-service science teachers so that a discussion environment was created to explore the answer. It was 

considered important that the discussion proceeded within the scope of the subject of acidity power and so the 

variables affecting acidity power were queried. The pre-service science teachers were asked to design an 

experiment for the next lessons (6th and 7th weeks). 

 

 

Validity and Reliability of the Research 

 

In this research, long-term fieldwork was carried out by collecting data continuously for a period of 13 weeks, 

including the preliminary interviews (in the first week) and final interviews (in the last week). In addition, the 
data relating to this research were collected via multiple tools such as interview forms (IF), reflective diaries 

(RD) and experiment reports (ER) so that data triangulation was actualized. With the aim of ensuring the 

internal validity of the research, the researcher and 2 experts continuously reviewed the activities using the 

RTOP observation forms.  The interviews held with the pre-service science teachers were put in writing and 

after ensuring that the pre-service science teachers had read them, their approvals were again obtained. Thus, the 

confirmations of the participants in the study group were received. The information acquired with each data 

collection tool was associated with the related categories and supportive statements were included. These are the 

statements in the reflective diaries and the statements of the observers in the RTOP forms. With the aim of 

determining whether the researcher had correctly interpreted the data, the findings were analyzed by the 2 

experts who had experience in research on laboratory perceptions and the nature of inquiry. The findings were 

revised and reported on the basis of the experts‘ opinions. It is possible to say that these steps contributed to 

minimizing the bias of the researcher.   

 

 

Results of Research  
 

Raziye 

 
Information about each pre-service science teacher‘s laboratory perception and goal orientation for each week is 

presented below (Table 4). 

 

 

Case: PO (Performance approach/open-endedness) 

 

In the preliminary interview with Raziye, it was determined that she participated in the learning environment 

with the performance approach. 

 

There was a significant change in her perception of both open-endedness and integration along with the 8th 

activity. The reason for this change may be the change in goal orientation, as both interim and reflective diaries 

indicate.  
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Table 4. Raziye‘s laboratory perception and goal orientation 

Weeks 
laboratory perception  

goal orientation 
Open-endedness Integration 

Pre Confirmation Deductive Performance approach 

1 Confirmation Deductive Performance approach 

2 Confirmation Deductive Performance approach 

3 Confirmation Deductive Performance approach 

4 Confirmation Deductive Performance approach 

5 Confirmation Deductive Performance approach 
6 Confirmation Deductive Performance approach 

Interim Open inquiry Deductive Mastery goal 

7 Open inquiry Deductive Mastery goal 

8 Open inquiry Inductive Mastery goal 

9 Open inquiry Inductive Mastery goal 

10 Open inquiry Inductive Mastery goal 

11 Open inquiry Inductive Mastery goal 

Post Open inquiry Inductive Mastery goal 

 

Researcher: What are your success criteria in this lesson? 

Raziye: Getting a good grade and understanding the subjects is an important success criterion for me. 

Researcher: Why is it important for you to get good grades? 
Raziye: My mother wanted me to choose this department and profession. Her opinions are very 

important to me, and she may be very upset if I fail. 

Researcher: So you should get a good mark so as not to upset your mother? 

Raziye: Yes, it‘s as important to me as it is to my mother. I should get the best grade in the class, if I 

can. 

Researcher: Why is this so important? 

Raziye: Because when I go home, not only the points I get are asked about, but my friends‘ scores are 

also asked about. 

Raziye stated that she had difficulties in designing the experiment until the end of the 6th activity. In 

the first 3 activities, she said that the teacher should give out the experiment and that she could not 

learn anything this way (RD).  

 
In addition, she did not find it meaningful to carry out an experiment prior to the lecture (RD). It is possible to 

say that Raziye‘s perception of open-endedness was at the level of confirmation in the first 6 activities.  

 

I have difficulties in determining a subject for an experiment. I cannot be sure of the accuracy of the 

experiment I bring to class. Because I cannot achieve a precise result, I have doubts and I am also a 

little bit afraid. I am afraid of the teacher‘s attitude. However, it was not like I had expected. I felt 

relieved when I saw that some of the groups also could not determine the subject. Our teacher did not 

scold anyone yet it would be much better if the teacher provided the experiments. In that way, there 

would be more of a possibility of acquiring some precise knowledge (RD-2).  

 

As for the 4th activity, Raziye stated that she acquired the experiment setup directly from different resources 
(RD). It was determined that when selecting these experiment setups from different resources, she paid attention 

only to the subject of the experiment but ignored the problem in the activity and the variables (ER). The fact that 

the experiment was not designed with a detailed and in-depth process caused her to have difficulties during the 

experimental process (RD). This was because she encountered circumstances she had not anticipated and she 

ignored these circumstances during the experiment (ER).  

  

I saw that the other groups considered concentrations and temperature when comparing solutions. I had 

never thought particularly about the effect of temperature before. However, it had previously been 

taught in a lesson that temperature has an effect upon a concentration (RD-4). 

 

It was observed that Raziye avoided interacting with the other students until the end of the 6th activity while 

detecting the problem and designing a new experiment (RTOP). Her participation in the learning environment 
was limited because it was determined that her pre-lesson preparations were insufficient (ER).  

 

It is not possible to say that this student participated in the learning environment sufficiently. Even 

when she participated, she defended her own opinions by giving examples of daily life. When skills 



291 
 

Int J Educ Math Sci Technol 

such as detecting the problem or the variables were required, she abided by the group members‘ 

decisions (RTOP). 

 

In trying to defend her arguments only with her own experiences, consulting only one resource that was at high 

school level and not sufficiently covering the required number of analytical chemistry subjects (ER) when 

preparing for class, this pre-service science teacher played a passive role.  
 

The objectives she set down during the first 6 weeks proved to be the reason why her participation in the 

learning environment was limited. Rather than detecting the problem, the point Raziye was focused on as of the 

1st activity until the end of the 6th activity was to impose her own opinions on the other members of the group 

and class (RTOP). She felt uncomfortable with the situation when her friends‘ opinions prevailed against her 

opinions as a result of the discussions about the 1st experiment (RD). 

 

When I‘m performing an experiment, my intention is to act together with the group but also to bring 

my own opinions into the forefront (RD-3). 

 

Until the 6th activity, Raziye was defining her objective as designing and carrying out an experiment correctly 

(RD). When a pre-service science teacher is focused only on carrying out an experiment correctly and explains 
this by saying that he/she wants to prove to the teacher and the class that he/she is right, this is related to 

exhibiting a performance approach.  

 

Also, when announcing the experiment results and putting them into a report form, this pre-service science 

teacher preferred to hide her mistakes in the experimental process, and she did this together with her friends 

(ER). Changing the experiment results through manipulation is another indication that a pre-service science 

teacher has adopted the performance approach.    

 

I had some difficulties because everyone wanted to do the experiment their own way and even did so. It 

also made me feel uncomfortable not to be using our own results in the report (RD-6). 

 
It appears to be that, as of the 7th activity, carrying out experiments with a more in-depth approach, searching 

through different resources, paying more attention to details when designing the experiment (ER, RD), and even 

conducting pilot schemes for the experiments she had designed (RD) decreased her anxiety level during the 

lessons. 

 

…considering the opinions of other students in the group, I will find out the best way for me and then I 

will perform the experiment after sharing my ideas with my friends and receiving their support…(RD-

7).  

 

It was important that she indicated that the process of designing the experiment had an effect on her learning 

(RD). 

 
I feel that I am more active and have a more comprehensive knowledge of the subject. I realized that 

visuals facilitate more permanent and easy learning. I feel that designing a new experiment helps me to 

practice and get ready for being a teacher. I think that my level of having more comprehensive 

knowledge of the subject and my skills related to the experiments have been enhanced (RD-7). 

 

 

Changing: PO(Performance approach/open-endedness)  MO(Mastery approach/open-endedness) 

 

This pre-service science teacher started to monitor herself. She started to consider carrying out the experiments 

correctly as a long-term objective, and considered exploring the knowledge a short-term objective (RD). This 
may have to do with this pre-service science teacher‘s goal orientation, which changed towards the dimension of 

learning.  

 

There was a change in the data collection process. I learned better about how and from which resources 

I could do better research for a subject (RD-7). 

 

As for the 7th activity, there was also a change in the experiments she designed. She started to design 

experiments that were in conformity with the problem by taking all the variables into consideration. 

Determining the problem correctly was a significant factor. Using the theory as a base when designating the 
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measurement tools and measuring range, and even including the pilot scheme in the process of designing were 

indicators of the change that had occurred in the designing process. This pre-service science teacher indicated 

that this process was important for her learning because she could try different things in the laboratory 

environment, she felt much more comfortable, and she was able to use the laboratory as she desired (RD). It is 

possible to say that as of the 8th activity, Raziye‘s perception in the dimension of open-endedness was open 

inquiry. Her statements regarding the perception of open-endedness in the final interview were also an 
indication that there was a change. She explained in more detail the process of designing an experiment rather 

than using statements such as ―an experiment prearranged and provided by the teacher‖ or ―obtaining an 

available experiment from a resource.‖  

 

Researcher: What do you experience during the process of designing an experiment? Can you please 

explain this process with an example? 

Raziye: In the process of designing an experiment, if you have already learned the subject, you 

unavoidably start to visualize something. Since you have learned the subject, you start to ask questions 

such as, ―What kind of experiment can I design about this subject?‖ ―What are the things required for 

this subject?‖ In this way, I form a construct in my mind at first, and then do some research to find out 

if there are any examples that are in accord with it, any distinctive examples. I compare these with each 

other to determine how much they relate to the subject. At the end, I usually try to do the experiment by 
utilizing the most extensive and most advanced example.  

Researcher: What were your criteria for designing experiments? According to which factors were you 

designing them? 

Raziye: The teacher should provide the problem related to the experiment. For example, I would like 

the issues I am confused about to be cleared up in my experiment. So, when I‘m performing an 

experiment, I consider not only the relevant question but also all the questions I am confused about. For 

instance, I remember one time that although my friends were doing the experiment one way, I did it in 

2-3 different ways, aiming to understand the different results and answering the questions in my mind. 

That‘s how I do the experiments.  

 

This student‘s statements in the final interview showed that she focused on the learning process, rather than 
trying to prove herself to her friends and the teacher. Mastery goal orientation could be observed in the final 

interview.   

 

Researcher: What did you do when you had difficulties or could not achieve your goal? (While 

researching, setting a goal, designing an experiment, carrying out an experiment, preparing a report, 

etc.) 

Raziye: If I cannot achieve my goal, for example, if I cannot reach the result I was expecting to reach 

right at that moment, I try to find out the reason and review the knowledge I have learned. There is 

always a resource within easy reach and so I review it. Then, I get a little stressed and angry. And then 

I repeat it until I succeed, I mean until I achieve it the way it should be. My friends may have an effect 

on the result, and I discuss this with them if necessary. For example, in the simplest terms, on one 

occasion while we were doing a titration experiment, since we were drawing graphs, we decided to 
include our friends in twos and at certain intervals. In this way, we would not miss the inflection point 

and it would be easier to draw the graphs. However, some of our friends insisted that we would lose 

time and they could not do it correctly, so then they poured the acid in without restraint and we 

suddenly missed the inflection point. Although it was supposed to be 7, it decreased to 5. We were 

doing that experiment for the second time. We made a mistake in the first one, but this was the second 

time, so I got angry. I mean, that‘s why I blew my top. In addition, yes, maybe they had not learned the 

subject but I am not sure if they had even researched it… I, on the other hand, made an effort in that 

subject and tried to find out about it and did the experiment based on a plan… 

 

 

Case: PI (Performance approach/integration) 
 

Until the 7th activity, Raziye indicated that she could have learned more if subjects lectured in the class were 

also practiced in the laboratory. She stated that practicing and observing the lectured subjects had a more 

powerful effect on her learning (RD). It is possible to say that the perception in the dimension of integration was 

deductive for this pre-service science teacher during the first 7 activities.  
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With the help of the experiments performed in the laboratory, I learn through observing and performing 

them myself. I think laboratory studies should be carried out after the lecture. In this way, we can 

reinforce our knowledge about the subject, and we can feel more convinced (RD-3).  

 

Raziye‘s opinion about the laboratory environments at the end of the 6th week was another indication of how 

her perception of integration was deductive.  
 

Researcher: Which activities did you carry out in the chemistry course until this week? How did these 

activities affect your own learning? 

Raziye: The ‗acid-base‘ subject is continually lectured. Such as how acids-bases are determined and 

measured, what their conductivity values are. We performed experiments on each topic under the topic 

of ‗acids-bases.‘ The stages treated were all different from each other. The topics were generally about 

acids and bases. I think a topic can be lectured thoroughly but superficially, or you can understand it 

through observing. When a subject is only lectured, then you can only talk about it and remember it. 

However, it is something very different to implement through observing. In the simplest terms, for 

example, we all know that a lemon is sour and we say that it is acidic. But what kind of acid? How do 

we know this? Or, we use litmus paper, for instance. We are able to observe and arrive at more precise 

answers about whether it is an acid or base. And we say, ―Here it is! Blue litmus paper turns red under 
acidic conditions, but you know, it‘s something different to watch this happen.‖ 

Researcher: In your opinion, what is the best way to learn chemistry and/or analytical chemistry? How 

did the implementation carried out until now affect your opinion? 

Raziye: In fact, not only chemistry courses but also all courses should definitely be learned through 

experiments. In the end we are completely using our imagination; I mean we‘re working with things 

that are not tangible. In order to make this more comprehensible, then, we need to be able to make 

observations. Lecturing a subject thoroughly but superficially will only give you knowledge about it. 

But none of us can tell how and at which level we can incorporate this knowledge into our daily lives. 

In fact, chemistry is a part of every sphere in life. Chemicals are used in everything, ranging from the 

water we drink to the clothes we wear.  

 
As can be seen in the interim interview, Raziye perceived the laboratory environment as visualization 

(concretization) of theoretical knowledge. She stated that her learning was more effective when the lectured 

subjects were observed through activities. However, it was important for her to realize that chemistry subjects 

are in fact related to daily life. This affected her future objectives with respect to the chemistry laboratory. 

Chemistry subjects are not only visualized through laboratory activities but they also become associated with 

daily life.    

 

In the 7th activity, she started to indicate that doing research, designing an experiment, the experimental 

process, discussing and producing a report had a more powerful effect on her learning. She said that producing a 

report enabled her to review the whole process again and put all her knowledge together. She indicated that she 

had been distracted by the different opinions in the discussion environment. She stated that her previous 

knowledge and high school textbooks were not sufficient for participating in the discussions, designing an 
experiment, and preparing a report (RD). Particularly as of the 8th activity, she realized that utilizing different 

resources, comparing all her knowledge, designing an experiment and trying to explain the results had an effect 

on her learning, and she also indicated this in her reflective diaries. 

 

I realized that relating the subjects to daily life has an effect upon my learning. The subject attracted 

my interest more and I felt the need to do more research. I think I learn better when a lesson is taught 

this way, but I don‘t feel so competent about my theoretical knowledge so I need to research more (RD-

8). 

 

 

Changing: PI (Performance approach/integration)   MI (Mastery approach/integration) 
 

It is possible to say that as of the 8th activity, Raziye‘s perception in the dimension of integration was inductive. 

Her statements in the final interview also showed that there was a change in her perceptions. In this interview 

she emphasized that the chemistry lessons required her to search for and find the knowledge rather than getting 

it directly from the teacher.  

 

Researcher: How should your learning environment be in order to learn? What should your teacher do? 

What should your friends do, and what should you do?  
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Raziye: For me, in order to learn, first of all, everyone in the learning environment should have some 

knowledge about the subject. Even if they do not have any knowledge, they should at least have 

something to say. My friends, the teacher and I must not provide the knowledge directly. The teacher 

should make the student think about it and allow the student to get confused. It does not matter if a 

student doesn‘t have the facts straight; making inquiries through ‗I wonder if…‘ will change so many 

things. Besides, the confusion this question causes leads everyone into a discussion.  
 

Each student says something and then gets confused. Finally, I think everyone should do some research, find out 

something and all these should be discussed in the course.  The teacher should evaluate deficiencies and 

mistakes and make a summary of the subject. I think that is how it should be. The teacher must not provide the 

knowledge directly and the students should not be left only with the knowledge they have learned. 

 

 

Ömer 

 

Ömer‘s laboratory perception and his goal orientation are given in table 5.  

 

Table 5. Ömer‘s laboratory perception and goal orientation 

Weeks 
laboratory perception  

goal orientation 
Open-endedness Integration 

Pre Confirmation Deductive Avoidance of Performance approach 
1 Confirmation Deductive Avoidance of Performance approach 

2 Confirmation Deductive Avoidance of Performance approach 

3 Confirmation Deductive Avoidance of Performance approach 

4 Confirmation Deductive Avoidance of Performance approach 

5 Confirmation Deductive Avoidance of Performance approach 

6 Confirmation Deductive Avoidance of Performance approach 

Interim Confirmation Deductive Avoidance of Performance approach 

7 Confirmation Deductive Avoidance of Performance approach 

8 Confirmation Deductive Avoidance of Performance approach 

9 Confirmation Deductive Avoidance of Performance approach 

10 Confirmation Deductive Avoidance of Performance approach 
11 Confirmation Deductive Avoidance of Performance approach 

Post Confirmation Deductive Avoidance of Performance approach 

 

 

Case: APO (Avoidance of Performance approach / open-endedness) 

 

In all the activities, Ömer‘s objective was to design a new experiment correctly and complete it without a 

mistake (RD). In fact, his motivation for this was that he was anxious that the teacher and peers would realize 

his deficiencies. Unlike the other pre-service science teachers, Ömer indicated in the 1st interview that he was 

dissatisfied with having his mistakes realized by the other pre-service science teachers or the teacher.  

 

Researcher: How was your teacher lecturing the chemistry subjects in the high school you graduated 
from? 

Ömer: Our teacher lectured the subject the best she could and asked us to take notes. Sometimes she 

provided us with notes she had prepared and held exams every couple of weeks.  

Researcher: What were you doing during the courses? 

Ömer: As a matter of fact, we were usually under stress. We were anxious about going to the 

blackboard. 

Researcher: Why? 

Ömer: Because when you made a mistake or could not solve the question you would get a poor mark 

and also suffer criticism.  

Researcher: Well, what is your opinion about the chemistry courses at the university?  

Ömer: Here I don‘t have the problems I used to have in high school. But I am still careful. I am getting 

used to the course and the teacher nowadays. But I am still trying not to make any mistakes. It will not 
be good if people see where I‘m deficient.  

 

In his first interview, it was observed that Ömer was still implementing old high school habits. It was seen that 

he rather focused on not making mistakes in the courses. It was therefore determined in the first interview that 
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he was adopting the avoidance of performance approach, and he continued to adopt this approach during the 11 

weeks.  

 

In all the activities, Ömer‘s perceptions of open-endedness did not change and remained the same 

(confirmation). The experiments he designed were in fact some other experiments he had obtained from other 

resources. At the end of the 2nd activity, he stated in his reflective diary that he was upset because he could not 
design the experiment. 

 

My objective in this lesson is to design a new experiment correctly and complete it without a mistake. 

However, it is not always possible to design a new experiment. Therefore, I am a little bit sorry that I 

could not design one (RD-2).  

 

Moreover, at the end of the 3rd activity, he indicated that the research he did prior to the experiment was 

unrelated to it (RD). Although he had the objective of designing the correct experiment, the experiments he 

brought to class were either unrelated to the problem, or not at a level that included all the variables.  

 

In this activity, I saw that the experiment I designed is not relevant to the subject. To tell the truth, I am 

upset because of this. And, because of this, I had to do an experiment that my teacher provided (RD-3). 
 

The reason this pre-service science teacher put up resistance to change may be based on the fact that during the 

11 weeks, he studied and attended the lesson with the objective of making the teacher think that he was 

interested in the subject, rather than of actually learning. He defined his objective in all the activities as 

designing an experiment correctly and carrying it out completely (RD). This pre-service science teacher‘s 

objective was ―Appearing to be successful in this lesson is only possible if we design the experiments correctly 

and perform them without a mistake.‖ This was indicated at the end of the 3rd activity and was the same at the 

end of the 11th activity. 

 

Due to his deficiencies and the mistakes he made in determining the problem and the variables, the experiment 

mechanisms that this pre-service science teacher designed were either unrelated to the subject, or not at a level 
that included the subject to the fullest extent (ER). Although he wrote up his deficiencies in his reflective diaries 

as of the 6th activity, he did not make an effort to remedy the situation. The process was the same until the end 

of the 11th activity (ER). 

 

Researcher: How do you design an experiment? How much time do you allocate for it? (Final 

interview) 

Ömer: Designing an experiment… Hmm… It does not take too much time for me. It is enough to spend 

fifteen or twenty minutes. For example, since I search for experiments on the Internet, I can imagine 

and design an experiment in my own way on the basis of those experiments. Maybe the experiments we 

design are not that good but we can learn many things from them. It takes only ten-fifteen minutes for 

me.   

 
It was determined that this pre-service science teacher attended the activities that he had made preparations for 

usually by utilizing high school textbooks and websites with scientific resources requiring inquiry (ER). He 

attended the 4th, 8th and 10th activities without making any preparation (ER, RTOP). 

 

It is not possible to say that this student displayed a consistent performance in all activities. Sometimes 

he did not even make any pre-lesson preparations and this affected his role during the course. He only 

watched the discussions. We cannot say that he played an active role in designing and carrying out the 

experiments. He usually followed the instructions of his friends (RTOP-8). 

 

Studying by adopting the surface study approach in all activities may be the reason why this pre-service science 

teacher participated less in the classroom and the group while detecting a problem, designing and carrying out 
an experiment, putting his observations into a report form, and sharing his report. In fact, although he indicated 

his deficiencies in his reflective diaries (1st, 4th and 6th weeks), he made an insufficient effort to prepare for the 

activities and during the activity process. Although he participated in the 6th and 9th activities with more pre-

lesson preparations, in comparison to the other activities, he did not display a consistent performance during the 

11 weeks.  

 

It is not possible to say that he participated in the discussion environment, and in the discussions, he did 

not defend his opinions sufficiently. He tried to defend them by giving examples of daily life, rather 
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than by using theoretical knowledge. This was not enough in the discussion environment (RTOP-4th 

week). 

 

Although he tried to participate more actively in the process of carrying out the experiment, he played a 

passive role in solving the problem he encountered. For example, in comparing acid strengths, he used 

concentrated acids but did not prepare their solutions. Without considering the acid concentration, 
comparing only according to their H-numbers caused him to make mistakes. He terminated the 

experiment without making an effort to correct his mistake (RTOP-6th week). 

  

Performing the study with the aim of making the teacher think as if he were interested in the lesson may be one 

of the most important reasons for this. Although he indicated in the final interview that the conceptual change 

model had an effect upon his own learning, implementing previous habits may be related to goal orientation. It 

is possible to say that this pre-service science teacher was adopting the avoidance of performance approach 

during the process of designing and carrying out the experiment.     

 

 

Case: API (Avoidance of Performance approach / integration) 

 
This pre-service science teacher indicated during the preliminary, interim and final interviews and in his 

reflective diary that if an experiment is carried out after the lecturing, learning will be more permanent. The 

inquiry-based mastery goal that was applied in the analytical chemistry lessons for a period of 11 weeks also 

could not change the point of view that he had carried over from his previous experiences. Although he spoke 

about conceptual change in the final interview, he emphasized that he definitely needed to listen to the subject in 

a lecture in order to learn.  

 

Researcher: Did this type of lecturing have an effect upon your learning?  

Ömer: Yes, I was able to learn this way. I researched the theoretical knowledge and I could disprove 

my misconceptions during the experiment. Just like saying: ―Before the experiment, this is what I 

thought, but it seems that I was wrong. So I disproved my theoretical knowledge and I needed to gain 
new theoretical knowledge.‖ I mean, it was a kind of exchange of the theoretical knowledge in my 

mind.  

Researcher: Can you please give an example?  

Ömer: For example, in the last experiment we performed, we estimated the pH value as 7. Strong acid, 

weak base, NH3 and HCI. So I estimated the pH value at 7 considering that there would be a 

neutralization reaction… After the experiment, the result we found was 5.28, if I‘m not mistaken. So 

the pH value was not 7. It was even lower than 7. I mean, I always thought it would be 7 and expected 

it to be 7 in that experiment. So pH is not always 7. I learned that it could change according to the acid-

base equilibrium. This kind of thing stuck in my mind.  

Researcher: So, for your own learning, what should a teacher do in the learning environment? 

Ömer: What should a teacher do in the learning environment? Hmm.. Of course the teacher should give 

a lecture on the subject.  
Researcher: When should she lecture? 

Ömer: When should she lecture? Hmm…, She should give the lecture on the subject when she comes 

into the classroom, She can also ask questions such as, ―What do you know about this subject?‖ or 

―Before we start the lesson, do you have any opinions about the subject? Please tell me what they are.‖ 

She can use brainstorming as pre-lesson preparations.  

Researcher: Why should we do this? Who needs this? 

Ömer: In fact, brainstorming makes us think. For example, maybe many of us, even I, may know about 

that subject, but when you ask us a question, I may not be able to give you an answer. Everyone may be 

in such a mood. I mean, my friends may get a bad impression of me and I may look bad in front of my 

friends. I may also say something wrong. Even though I know the correct answer, I may not be able to 

tell it to you. What you do there as a teacher, is to make us think. After thinking about the subject, for 
sure, all of us will have a question mark in our minds. 

Researcher: What should a teacher do then? 

Ömer: Then I think she should lecture some parts of the subject. She can solve problems or make the 

students solve them, and she can assign homework about the subject, for example, or provide some 

questions.  

 

Ömer indicated that he had experienced cognitive instability during the discussions held before the experiment.  
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He said that the instability was cleared up after the experiment.  Although this pre-service science teacher 

realized that meaningful learning was effective in his own learning, he continued to believe that laboratory 

activities should be carried out after a lecture. This can be explained by Omer‘s goal orientation. 

 

Researcher: You‘ve seen that the cognitive instability was cleared up with the environment in 

analytical chemistry so far. What do you think about the processing of this method?  
Ömer: The teacher should give a lecture on the subject. I don‘t think I‘ve ever learned otherwise. 

Researcher: Why? 

Ömer: Because my research and my findings can be incomplete and inaccurate and I can‘t always do 

good research. I also do not always perform well in the laboratory. 

Researcher: Why do you do research and experiment? 

Ömer: I should do research because of designing the right experiment. I have to do the right experiment 

to get the right result. 

Researcher: Why is it important to achieve the right result?  

Ömer: If the other students in the class did, we could do it. I‘m sorry if I couldn‘t. Obviously, I don‘t 

want you and my friends to see that. 

 

 

Büşra 

 

Büşra‘s laboratory perception and her goal orientation are given table 6. 

 

Table 6. Büşra‘s laboratory perception and goal orientation 

Weeks 
laboratory perception  

goal orientation 
Open-endedness Integration 

Pre Confirmation Deductive Mastery goal 

1 Confirmation Deductive Mastery goal 

2 Confirmation Deductive Mastery goal 

3 Confirmation Deductive Avoidance of Mastery goal 

4 Confirmation Deductive Avoidance of Mastery goal 

5 Confirmation Deductive Mastery goal 

6 - - - 
Interim Open inquiry - Mastery goal 

7 Open inquiry Inductive Mastery goal 

8 Open inquiry Inductive Mastery goal 

9 Open inquiry Inductive Mastery goal 

10 Open inquiry Inductive Mastery goal 

11 Open inquiry Inductive Mastery goal 

Post Open inquiry Inductive Mastery goal 

 

 

Case: MO (Mastery approach / open-endedness) 

 

Büşra expected the experiment to be provided by the teacher in the first 3 activities. However, as of the 4th 

activity, she tried to carry out the experiments she found from different resources. She made much more of an 

effort to design an experiment as of the 7th activity.  

 

This student was aware of the effect of the discussion environment on the process of designing an 

experiment. 

I think the discussion environment plays an important role in our learning. This is because I come 

across different opinions, and I can better understand the problems our teacher provides us with (RD-

1). 

 
She stated that she expressed herself easily when defining the problem during the 2nd and 3rd activities, just the 

way she had done in the 1st activity. She preferred to disprove her friends‘ opinions by giving justifications. 

However, her interaction with her group friends decreased during and after the experiment process. Factors such 

as selecting a faulty problem, designing an experiment that was unrelated to the problem, and being unable to 

focus on the right subject caused her to feel incompetent in the experiment and discussion stages (RD). At the 

end of the 3rd activity, this pre-service science teacher stated that she needed to do more research (RD).  
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I need to do more research. Because if I do not do sufficient research, then I‘ll fall behind in detecting 

and solving a problem (RD-3). 

 

Feeling incompetent, particularly in the 3rd activity, caused her to show an avoidance tendency.  

 

It made me worry that I could not detect the problem and that the experiment I had designed was not 
relevant to the subject. Strictly speaking, I could do nothing in the classroom. Actually, I did not wish 

anyone to witness my deficiency (RD-3).  

This student, who was playing an active role and leading the discussion in the first 2 activities, 

preferred to keep quiet in the last 2 activities. It is not possible to say that she was playing an active role 

during the designing process in this experiment (RTOP 4). 

 

Until the 5th activity, Büşra defined her objective as designing a correct experiment. Due to this, she focused her 

research rather on designing experiments. She was more interested in how the experiment would be carried out 

rather than why it was being conducted. In the 2nd and 3rd activity, the pre-service science teachers were asked 

to conduct experiments obtained from other resources without questioning (RD).  

 

I will learn if I can design a correct experiment. I will thus not make a mistake and will achieve the 
correct result. But it is not easy to design an experiment. Because my aim is to perform an accurate 

experiment, I look into experiments that have already been done (RD-3). 

 

In these activities, this pre-service science teacher focused her research on designing the experiment rather than 

on theoretical knowledge. However, feeling incompetent when she was with the group during the first 4 

activities, realizing that the experiments she planned were unrelated to the problem, and being unable to answer 

questions such as ―Why?‖ and ―How?‖ when explaining the results caused her to review her own objectives and 

mastery goal. It is possible to say that being a student with a mastery orientation might have been effective in 

this situation. A self-questioning and self-monitoring student can also be expected to experience a change in 

his/her objectives. It was observed that this student‘s participation in the learning environment increased and she 

started to take on more responsibilities.  
 

When she was defining the problem case prior to designing the experiment, the fact that the pre-service science 

teachers and groups expressed different opinions, and that these opinions were compared with observations 

during the explanation stage, may also have affected this pre-service science teacher‘s beliefs regarding the 

acquisition and formation of knowledge.   

 

Especially in the last two activities I felt incompetent when I came to the experiment environment, 

because I was not able to detect the problem and design the experiment correctly. I saw that it was 

impossible to get prepared for this lesson by only utilizing high school books. I therefore started to go 

to a library and check academic books too (RD-5). 

 

It is considered that this pre-service science teacher‘s perception of the laboratory in the dimension of 
open-endedness changed as of the 5th activity. This pre-service science teacher indicated that the 

subjects were interrelated, and that she could use the knowledge she had acquired during the previous 

activity while she designed the experiment (RD-5, final interview).  

    

When designing a new experiment, I consider what was done in the previous activity. Because I see 

that subjects taught in this lesson are in fact related to each other. The resources I use in my research 

are different now. Mainly, I‘ve started to use academic books (RD-5). 

 

This pre-service science teacher confirmed her opinions in the final interview as well.  

 

Researcher: What do you experience during the process of designing an experiment? Can you please 
explain this process with an example? 

Büşra: We were using the available experiments at the beginning of the term because we were trying to 

learn by interpreting them. We did not have adequate knowledge or a sense of exploration. We were 

looking at the available experiments we had found on the Internet, at the methods used in carrying out 

those experiments, the materials used, etc. We were also checking to see whether those experiments 

were suitable for the subject and for our research problem. And now, since we are learning from part to 

whole, we are designing the experiments this way. As we have an accumulation of knowledge now, we 

have designed the experiments ourselves in the last 3-4 weeks. For example we say, ―Now we will 
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prepare a buffered solution. How do we prepare it? We need to get some strong acids. No, let‘s get a 

strong base and weak acid, HF and NaOH…‖ I mean we never search for the experiment on the 

Internet or think about which experiment we should do. Now, utilizing our accumulation of knowledge, 

we design the experiments ourselves, and this shows that we have successfully built our experiment 

designing model. 

 
As of the 7th activity, this pre-service science teacher started to write down experiments she designed, entering 

in more details. It was determined that in these activities, she took all variables into consideration, defined the 

observation range by taking these into consideration within a theoretical context, and defined the 

observation tools correctly (ER). In the 9th, 10th, and 11th activities, she designed experiments in which she 

compared experimental knowledge with theoretical knowledge on a chart and mathematically. Moreover, in the 

7th and 8th activities, she designed experiments that checked one observation against another one. The reason 

why Büşra had a rapid change in the dimensions of integration and open-endedness as of the 5th activity when 

compared with the other students lies in her having a mastery goal orientation, in other words, she was able to 

monitor her own learning within the process as of the 1st activity. 

 

Researcher: Does the process of designing an experiment have an effect upon your learning? 

Büşra: Yes it does, because it makes me think about it while I‘m designing the experiment. Designing 
means reshaping, not replicating. It is not something to copy-paste. Designing leads to multi-

dimensional thinking, such as asking the question, ―Which materials should we use for this 

experiment?‖ For example, ―Which acid and base should be used for a buffered solution? Is every 

solution a buffered solution?‖ In fact, you are hypothesizing many times while you‘re preparing an 

experiment and you design the experiment accordingly. At the end of the experiment, you check 

through the hypotheses. You see the rights and wrongs and reinterpret based on these. Our learning has 

really advanced since we are still learning through this cycle.   

 

 

Case: MI (Mastery approach / integration) 

 
Her perception in the dimension of integration, which was deductive until the 5th activity, changed to inductive 

as of the 7th activity.  

 

Until the 5th activity, Büşra defined her objective as designing a correct experiment. Due to this, she focused her 

research rather on designing experiments. She was more interested in how the experiment would be carried out 

rather than why it was being conducted. In the 2nd and 3rd activity, the pre-service science teachers were asked 

to conduct experiments obtained from other resources without questioning (RD).  

 

I will learn if I can design a correct experiment. I will thus not make a mistake and will achieve the 

correct result. But it is not easy to design an experiment. Because my aim is to perform an accurate 

experiment, I look into experiments that have already been done (RD-3). 

 
It is considered that this pre-service science teacher‘s perception of the laboratory in the dimension of 

integration changed as of the 5th activity. Moreover, this perception continued until the last activity. In the 

interim interview conducted after this activity, this pre-service science teacher stated that learning through 

researching and exploring was more permanent, and that she used the knowledge she had explored in the 

previous activity during the next activities. This pre-service science teacher indicated that this type of teaching 

caused her anxiety levels to decrease, that she was more able to express herself, and that the experiment gave 

her the chance to test the opinions she had had prior to the experiment. 

 

I used to think that the lesson should be taught first, and that an experiment should be conducted 

afterwards. But as I did more research and explored my shortcomings, I saw that this method of 

learning is more permanent (RD-8). 
 

It was observed that Büşra focused on the learning process more with her goal orientation. This increased her 

participation in the learning environment. As a result, a change occurred in her perceptions of the laboratory. 
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Comparison: Goal orientation and integration of inquiry-based learning environment 

 

It is believed that the students‘ mastery goal orientations and therefore their participation in the learning 

environment had an effect upon the change that occurred in their perceptions. Whereas Raziye had adopted the 

performance approach until the 7th activity, Ömer adopted the avoidance of performance approach until the end 

of the laboratory activities. From beginning to end, Büşra adopted only the mastery goal. Raziye, who had 
adopted the performance approach until the 7th activity, started to adopt the mastery goal after this activity. 

Whereas Raziye tried to impose her own opinions on the group until the 7th activity, Ömer tried to make the 

teacher think that he was interested in the lesson in all the activities. Although Büşra set out her objective as 

designing a correct experiment until the 4th activity, her objective changed to researching, learning and 

correcting her deficiencies, particularly as of the 7th activity.  

 

Detecting the problem, designing the experiment, carrying out the experiment, sharing the results and putting 

the results into the form of a report are composed of interconnected cognitive processes. All of these processes 

are the steps of scientific study. Focusing only on one process and ignoring the other processes are related to a 

student‘s goal orientation. Ömer, whose goal it was to make the teacher think that he was interested in the 

lesson, focused only on the process of designing an experiment. For this pre-service science teacher, who did 

not know that in fact a thought is tested in an experimental process, preparing reports became meaningless and 
boring in time. He indicated that he was not pleased with this type of lecturing. The scientific process was very 

important for Raziye, who set up her objective as imposing her own opinions on her friends because this process 

would lead her to prove her opinions. The opinions of others were not so important to her. This student put all 

her energy into this process and adopted the surface study approach such as drawing up reports and doing 

research. Büşra, who indicated that different opinions contributed to her learning, focused on her own learning 

performance and determined her deficiencies in an easier way, when compared to the other pre-service science 

teachers. In addition, she realized the formation of scientific knowledge faster than the others. This changed her 

perception of the laboratory environment earlier and in a more positive way than the other pre-service science 

teachers.  

 

Büşra, who was using a deep learning strategy and had a mastery goal orientation, indicated that she was feeling 
more comfortable and could express herself more easily in the laboratory environment. For Raziye, who only 

tried to make her own opinions become accepted, making mistakes was not acceptable in a competitive 

environment. Therefore, it was not possible to say that she felt comfortable and could express herself easily as 

much as Büşra did. In just the same way as Raziye, Ömer was also anxious about making mistakes because he 

was anxious to make the teacher think that he was interested in the lesson. These two pre-service science 

teachers focused on not making any mistakes rather than on the scientific process, such as Büşra did. However, 

for Raziye, who realized that scientists can also make mistakes and that making mistakes is natural in scientific 

studies, the change in acquiring scientific knowledge started as of the 6th activity as a focus on understanding 

the scientific process, rather than on whether mistakes were being made or opinions were being accepted. Thus, 

a change occurred in her dimensions of perception. There was, however, no change in Ömer‘s objective during 

the process. He therefore continued to study by adopting the surface study approach and there was no change in 

his dimension of perception during the 11-week implementation process. 
 

 

Discussion 
 

In this research, the perceptions of open-endedness and integration of pre-service science teachers who had 

different goal orientations in analytical chemistry courses in which the inquiry-based laboratory approach was 
adopted were examined for a period of 11 weeks.  It was determined that the pre-service science teachers‘ goal 

orientations determined the characteristics of their participation in the learning environment. It was possible to 

say that the characteristics of the participation in the inquiry-based laboratory environment were also 

determinative of the perceptions of the laboratory (Figure 2). It was determined that, in terms of the 11-week 

adaptation to the analytical chemistry environment in which the inquiry-based laboratory approach had been 

adopted, the process was faster for the pre-service science teacher who had a mastery goal orientation. However, 

there was no change in the perception of the laboratory of the pre-service science teacher who adopted an 

avoidance of performance approach in the 11-week period, because for this pre-service science teacher, the 

participation in the inquiry-based environment always remained at a superficial level. It was found that the goal 

orientation of the pre-service science teacher who adopted the performance approach changed to the mastery 

goal as of the 6th week, and therefore there was a change also in this pre-service science teacher‘s participation 

in the learning environment. This caused a corresponding change in her perceptions of the laboratory. 
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The inquiry-based learning approach allows students to study independently from an authority. Here the 

authority is in fact the students‘ own experiences. For a student who realizes this, his/her interaction within the 

group and the perception of the laboratory is also different. The pre-service science teachers‘ goal orientations 

are determinative of their awareness of the characteristics of the laboratory environment. For a student who has 

a different goal orientation and who adopts a learning environment as an environment in which competitive or 

individual work is at the forefront, it may take time to adopt and internalize the rules of an inquiry-based 
learning environment. Or, in the case of a student who comes from an environment in which experiments are 

performed only to confirm knowledge, it would not be expected for that student to adapt easily to a learning 

environment in which inquiry is at the highest level. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2. Relationships between variables in this study 

 

A student may resist the rules of an environment in which inquiry exists. The social environment of a learning 

environment may be an authoritative environment in which the source of knowledge is usually the teacher or an 

independent environment in which the source of knowledge is actually the students themselves. In addition to 

these two environments, there is a third environment in which the teacher shares his/her own responsibilities 

with students, and students have freedom to choose and decide (Acat and Ünal, 2017, p. 79). For example, 

discussions carried out in an authoritative classroom environment may fail because in this environment, 

students‘ opinions are considered valueless when compared to the opinions of the authority.  However, 
discussions may be more successful in an inquiry-based learning environment because in this environment, 

every opinion is considered valuable, no view is found to be strange and all individuals can declare their own 

opinions without hesitation. Different and constructive opinions increase efficiency in the teamwork aimed at 

detecting and solving a problem. In this case, students who can express themselves in a more comfortable way 

are more active in the learning environment and utilize the opportunities of this environment more efficiently. 

For example, it was determined that Raziye started to participate in the learning environment more actively 

when she experienced the change in her goal orientation. 

 

It can be said that the change in her perception occurred because of the change in her interaction with the 

learning environment. It was determined that this pre-service science teacher participated actively in the process 

and tried to design an experiment until the very last activity (ER). Her searching through different resources, 
defining the problem and the variables correctly, determining potential problems by conducting a pilot scheme, 

and designing experiments that check an observation against another observation (ER) were the noticeable 

changes in this pre-service science teacher. Adopting deep learning strategies rather than adopting a surface 

study approach can be shown as the reason for these changes. 

 

It was observed that this pre-service science teacher was more active at the stages of detection of the problem, 

designing and carrying out the experiment (RTOP). 
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It was observed that she studies actively during both course hours and counseling sessions. It was seen 

that, during the counseling sessions, she tried a few times to perform the new experiment she had 

designed with the friends in her group. She also brought other indicators to class besides the natural 

indicators she had designated in the counseling session (RTOP-8).  

 

It was determined that this pre-service science teacher conducted deeper research in different resources and 
associated the new knowledge with her previous knowledge (ER). She stated that she felt incompetent about 

finding theoretical knowledge. Monitoring herself and having the objective of being process-oriented rather than 

result-oriented were indicators that showed she was adopting the mastery goal. It was observed that she focused 

on her own learning rather than on trying to show off her skills to the teacher and her peers. This caused an 

increase in her participation in the learning environment. 

 

This pre-service science teacher repeated the experiment by correcting her mistakes, carrying out deeper 

research in different resources (ER) with the objective of focusing on the process (RD), indicating her practice 

of the mastery goal and deep learning strategy.  

 

I had difficulties when working with my group of friends in this experiment, because they tried to 

speed up the experiment and we made lots of mistakes because of this. Although I said that we needed 
to repeat the experiment, one of my friends stated that it would not be a problem if we reported it as an 

error. Another friend said that there wouldn‘t be a problem with the result if we rounded up the data. 

This put me in a difficult situation (RD-9). 

 

Another indication that she was adopting the learning approach was that she wanted to repeat the experiment in 

which they had made mistakes.  

 

It is normal to make mistakes. However, as far as I understand, it is important to determine why 

mistakes are made. I think I learn better when I find this out (RD-9). 

 

This pre-service science teacher‘s statements in the final interview showed that she focused on the learning 
process, rather than trying to prove herself to her friends and the teacher. Mastery goal orientation could be 

observed in the final interview.   

 

Researcher: What did you do when you had difficulties or could not achieve your goal? (While 

researching, setting a goal, designing an experiment, carrying out an experiment, preparing a report, 

etc.) 

Raziye: If I cannot achieve my goal, for example, if I cannot reach the result I was expecting to reach 

right at that moment, I try to find out the reason and review the knowledge I have learned. There is 

always a resource within easy reach and so I review it. Then, I get a little stressed and angry. And then 

I repeat it until I succeed, I mean until I achieve it the way it should be. My friends may have an effect 

on the result, and I discuss this with them if necessary. For example, in the simplest terms, on one 

occasion while we were doing a titration experiment, since we were drawing graphs, we decided to 
include our friends in twos and at certain intervals. In this way we would not miss the inflection point 

and it would be easier to draw the graphs. However, some of our friends insisted that we would lose 

time and they could not do it correctly, so then they poured the acid in without restraint and we 

suddenly missed the inflection point. Although it was supposed to be 7, it decreased to 5. We were 

doing that experiment for the second time. We made a mistake in the first one, but this was the second 

time, so I got angry. I mean, that‘s why I blew my top. In addition, yes, maybe they had not learned the 

subject but I am not sure if they had even researched it… I, on the other hand, made an effort in that 

subject and tried to find out about it and did the experiment based on a plan…  

 

For Ömer, who had adopted the performance approach, his participation was at a passive level, and as for Büşra, 

who had adopted the learning approach since the very beginning, she actively participated in all the activities 
except for the 4th activity and utilized all the opportunities offered to her by the inquiry.  

 

In a well-organized laboratory environment, students are expected to associate experimental knowledge with 

theoretical knowledge (Hegarty-Hazel, 1990). In this environment, the purpose of learning is to determine 

scientific reasons by conducting experiments that basically use theoretical knowledge, to solve problems that 

may be complicated and uncertain, and to understand what a scientific study is (Moore, 2006). By studying in 

this environment, students see that scientific knowledge is not certain but changeable, and accordingly they 

realize that it should be queried. In a learning environment in which inquiry exists, students associate theoretical 
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knowledge with daily life by studying in individual and cooperative environments (Shibley and Zimmaro, 

2002), by conducting open-ended experiments, and by using their inquiry skills (Cummins, Green and Elliott, 

2004). After a while, they are expected to realize that cookbook experiments do not have an effect on their 

learning (Perez and Furman, 2016). 

 

Cookbook experiments assign students behavioral responsibilities rather than cognitive responsibilities (George, 
Read, Barrie, Bucat, Buntine, Crisp, Jamie, and Kable, 2009). An inquiry-based learning environment inspires 

students to explore knowledge and create meaning. In this environment, the teacher acknowledges the learning 

potentials of students unconditionally. Students are encouraged to research and explore in an authentic 

environment and in real life (Acat and Ünal, 2017, p.71). A student who studies by adopting the surface study 

approach in a laboratory environment is mainly expected to discharge behavioral responsibilities such as 

preparing the materials, cleaning the glass materials, etc. These students remain passive and only observe during 

the cognitive process. In this research, Ömer remained more passive and observed more than the other pre-

service science teachers in the situations that required a cognitive process (discussing, detecting a problem, 

designing an experiment and interpreting). Raziye and Büşra played a limited active role cognitively during the 

period in which they studied by adopting the surface study approach. They participated in the discussion 

environment but after a while they started only to monitor, because they were involved in the discussion through 

using the knowledge they obtained from just one resource and they had a lack of knowledge about the subject 
shortly afterwards. However, they took on more cognitive tasks after they started to participate in the learning 

environment by adopting a deeper study approach. Büşra realized the characteristics of the learning environment 

and started to study by adopting the deep study approach earlier than Raziye. Both pre-service science teachers‘ 

goal orientations determined their participation in the learning environment. It was not possible to say that Büşra 

played an active role cognitively in cases where she adopted the avoidance of performance approach, although 

she had a mastery goal orientation (4th week).  Regarding the changes occurring in the perceptions of open-

endedness, Raziye‘s perception changed at a slower pace than in the case of Büşra, who had adopted a mastery 

goal orientation since the beginning of the research. Büşra focused on her own learning and adapted more easily 

to the learning environment. As of the 7th week Büşra, and as of the 8th week Raziye, started to associate 

experimental knowledge with the theoretical knowledge (Gunstone and Champagne, 1990) and realized that 

scientific knowledge must be queried (Moore, 2006).  By conducting open-ended and authentic experiments in 
this environment, a student realizes that cookbook experiments are not effective in his/her own learning (Pérez 

and Furman, 2016). 

 

Linnenbrink and Pintrich, (2002) indicated in the model they established that goal orientation is determinative in 

terms of the learning strategies that students use. A well-designed laboratory environment motivates students to 

use deep learning strategy (George, Wystrach, Perkins, 1985), and supports each student to learn by 

himself/herself (Coe, McDougall and McKeown, 1999) and to create his/her own scheme (Teixeira-Dias, de 

Jesus, de Souza and Watts, 2005).  A student who comes to a learning environment by utilizing only one 

resource, who does not query the knowledge s/he has acquired and does not regard associating new knowledge 

with previous knowledge as a necessary endeavor, cannot be expected to be sufficiently active when interacting 

with peers in an environment in which a problem is detected, research is designed and results are discussed. A 

student who has adopted the avoidance of performance approach and is anxious about making mistakes, fearing 
embarrassment because of a newly designed experiment, cannot be expected to design a new experiment and 

carry out a different one. 

 

The student using the surface learning strategy either asks the teacher to provide an experiment, or copies 

experiments from available resources. For Ömer, who adopted the performance goal orientation for 11 weeks, 

using the surface learning strategy, his perception of open-endedness was at the confirmation level. The 

perception of open-endedness was also at the level of confirmation for Raziye, who had anxieties about being 

the best student in class, imposing her own opinions on the other students and adopting the performance 

approach until the 7th week. This pre-service science teacher‘s goal orientation and participation in the learning 

environment changed as of the 8th week. Together with this change, her perception of open-endedness reached 

the level of open inquiry. The pre-service science teacher using the surface learning strategy is expected to 
acquire knowledge from the teacher or from a resource offered by the teacher. On the other hand, a student 

using the deep learning strategy confirms the knowledge acquired from different resources and makes an effort 

to correlate and integrate this knowledge. Results received from the experiment conducted can also be one of 

these resources. Therefore, perception in the dimension of integration is expected to be inductive for this student 

and deductive for a student who uses the surface learning strategy. In this research, it was also determined that 

the pre-service science teachers adopted the deductive approach when they used the surface learning strategy, 

and the inductive approach when they used the deep learning strategy in the learning environment they 

participated in. 
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In an inquiry-based learning environment, pre-service science teachers think and work as scientists. Scientists 

acquire scientific knowledge by designing their research in different ways. The processes of designing, 

observing and interpreting reflect scientists‘ personal characteristics. They may enrich these processes by 

sharing them with other scientists. Different thoughts may change the whole process (Kozma, Chin, Russell and 

Marx, 2000). A student studying cooperatively in an inquiry-based learning environment may also encounter 
different thoughts and enrich a research/inquiry process in the same way. S/he observes how different thoughts 

affect a research process. In addition, through observing that different experimental processes can be developed 

(designing an experiment) for the same problem, s/he realizes that in fact there is a thought that underlies an 

experimental process (Hofstein and Lunetta, 1982). 

 

For a student who realizes that there is a thought underlying an experimental process and that this thought may 

be different and can be tested in other ways, his/her perception in the dimensions of open-endedness and 

integration can also be expected to change. The perceptions of Büşra and Raziye, who realized these 

characteristics of inquiry-based learning, changed from the dimension of open-endedness to open inquiry. 

However, both the objectives set by Ömer and his goal orientation were different from the objectives and goal 

orientations of the other pre-service science teachers. Unlike the other pre-service science teachers, instead of 

focusing on the process of producing knowledge, Ömer focused on situations such as being the best student in 
class, proving himself, and avoiding seeming like a foolish person, and therefore he might have failed to notice 

the process of producing knowledge. Thus, no change occurred in his perceptions.  A student who does not 

know the nature of scientific process may focus on a correct and absolute result (Oğuz-Ünver, 2015, p.227). 

This student may focus on fulfilling the experiment correctly and without a mistake, and on receiving positive 

feedback from his/her teacher and peers. It is expected that this student would show a result-oriented 

performance and superficial study. However, a student who is conscious of the fact that there are mistakes in the 

nature of scientific research would be expected to focus on the process rather than on not making a mistake or 

having the goal of reaching an absolute result. Anxiety over making a mistake is at a low level for this student. 

The student who focuses on the process, development of the research, and on his/her own cognitive level is 

expected to use deep learning strategies (Linnenbrink and Pintrich, 2000, p.195).  

 
 

Conclusions 
 

In this research, it was determined that in an 11-week inquiry-based learning environment, some pre-service 

science teachers‘ perceptions of the laboratory environment changed in the dimensions of open-endedness and 

integration. Possible reasons for this change may be the following: 

 

 The pre-service science teachers who realized the formation of knowledge during the inquiry process 

started to make more use of deep learning strategies. The perceptions of the pre-service science 

teachers who had a mastery goal orientation and who monitored and evaluated their own performances 

during the process were in the dimensions of open inquiry and inductive at the end of the process. A 

change was not observed in the perceptions of the pre-service science teachers with performance 

orientation, who did not monitor but rather compared themselves with other pre-service science 

teachers.   

 The change in the perception of the laboratory during the inquiry process occurred faster for the pre-

service science teacher who had a mastery goal orientation when compared to other pre-service science 

teachers with other goal orientations. Büşra started to show a change in the 7th week and Raziye started 

to show a change in the 8th week.  

 The reason why no change occurred in Ömer‘s perception of laboratory during the 11 weeks may be 

related to his goal orientation. This pre-service science teacher, who had adopted an avoidance of 

performance approach, did not exhibit continuity in his performance. This situation also did not cause a 

change in his perception.  

 

 

Limitations 
 

The perceptions of the laboratory of only three pre-service science teachers who had different goal orientations 

were examined. For the pre-service science teachers, considering themselves efficient (perception of self-

efficacy) during the process may also be one of the variables that affected their perception of the laboratory. The 

effect of this variable was ignored in this research. In the research, the researcher played an active role in the 

data collection process except for the RTOP. This may have affected the pre-service science teachers‘ opinions 
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in the data collection process. On the other hand, the diversity of the data collection tools and the continuity of 

the process may have reduced the possible bias. In addition, the RTOP scores, which were collected from the 

researcher independently and provided information on not only the inquiry level but also the dimensions of 

open-endedness and integration, may also have reduced the bias arising from the researcher‘s role.   

 

 

Suggestion 
 

In order to ensure that pre-service teachers‘ perceptions of the laboratory are at the intended level, their goal 

orientations, and their beliefs regarding the structure and acquisition of scientific knowledge, and the learning 

strategies they use should also be queried. These results were obtained only by observation of three pre-service 

science teachers during the process. This study can be repeated together with student groups with different 

characteristics.  
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Appendix Sample codes and themes  

The theme/ dimension Sample Quotations and Sample Codes 

Performance approach 

Preliminary interview  

Researcher: What are your success criteria in this lesson? 

Raziye: Getting a good grade and understanding the subjects is an important 

success criterion for me. 

Researcher: Why is it important for you to take good grades? 

Raziye: My mother wanted me to choose this section and profession. Her opinions 
are very important to me. And, she may be very upset if I fail. 

Researcher: So you should take a good note not to upset your mother? 

Raziye: Yes, it's as important to me as my mother. I should take the best grade if I 

can get it in class. 

Researcher: Why is this so important? 

Raziye: Because when I go home, only the points I get are not asked, my friends 

are asked about the score. 

RTOP 

Rather than detecting the problem, the point Raziye was focused on as of the 1st 

activity until the end of the 6th activity was to impose her own opinions on the 

other members of the group and class.  

Reflective diaries  

She felt uncomfortable with the situation when her friends‘ opinion prevailed 
against her opinions as a result of the discussions about the 1st experiment. 

Experiment report 

Also, when announcing the experiment results and putting them into a report form, 

this pre-services science teacher preferred to hide her mistakes in the experimental 

process, and she did this together with her friends.  

Mastery goal 

Reflective diaries  

I need to do more research. Because if I do not do sufficient research, then I’ll fall 

behind in detecting and solving a problem.” 

 

Especially in the last two activities I felt incompetent when I came to the 

experiment environment. Because I was not able to detect the problem and design 

the experiment correctly. I saw that it is impossible to get prepared for this lesson 

by only utilizing high school books. I therefore started to go to a library and check 

academic books too 
 

Final interview 

Researcher: What did you do when you had difficulties or could not achieve your 

goal? (While researching, setting a goal, designing an experiment, carrying out an 

experiment, preparing a report, etc.) 

Raziye: If I cannot achieve my goal, for example, if I cannot reach the result I was 

expecting to reach right at that moment, I try to find out the reason and review the 

knowledge I have learned. There is always a resource within easy reach and so I 

review it. Then, I get a little stressed and angry. And then repeat it until I succeed, 

I mean until I achieve it the way it should be. …………………… I, on the other 

hand, made an effort in that subject and tried to find out about it and did the 
experiment based on a plan… 

Avoidance of performance 

approach 

Researcher: How was your teacher lecturing the chemistry subjects in the high 

school you graduated from? 

Ömer: Our teacher lectured the subject the best she could and asked us to take 

notes. Sometimes she provided with notes she prepared and held exams every 

couple of weeks.  

Researcher: What were you doing during the courses? 

Ömer: As a matter of fact, we were usually under stress. We were anxious about 

going to the blackboard. 

Researcher: Why? 

Ömer: Because when you made a mistake or could not solve the question you 

would get a poor mark and also suffer criticism.  

Researcher: Well, what is your opinion about the chemistry courses at the 
university?  
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Ömer: Here I don‘t have the problems I used to have in high school. But I am still 

careful. I am getting used to the course and the teacher nowadays. But I am still 

trying not to make any mistakes. It will not be good if people see where I‘m 

deficient.  

 

Researcher: Why should we do this? Who needs this? 

Ömer: In fact, brainstorming makes us think. For example, maybe many of us, 
even I may know about that subject, but when you ask us a question, I may not be 

able to give you an answer. Everyone may be in such a mood. I mean, my friends 

may get a bad impression of me and I may look bad in front of my friends. I may 

also say something wrong. Even though I know the correct answer, I may not be 

able to tell it to you. What you do there as a teacher, is to make us think. After 

thinking about the subject, for sure, all of us will have a question mark in our 

minds. 

Avoidance of Mastery 

goal 

Reflective diaries  

“It made me worry that I could not detect the problem and that the experiment I 

had designed was not relevant to the subject. Strictly speaking, I could do nothing 

in the classroom. Actually, I did not wish anyone to witness my deficiency.”  

 

Reflective diaries  
"I need to do more research. Because if I do not do sufficient research, then I’ll 

fall behind in detecting and solving a problem.”  

 

RTOP  

"This student, who was playing an active role and leading the discussion in the 

first 2 activities, preferred to keep quiet in the last 2 activities. It is not possible to 

say that she was playing an active role during the designing process in this 

experiment."  

Open endedness/ 

Confirmation 

Reflective diaries  

"I have difficulties in determining a subject for an experiment. I cannot be sure of 

the accuracy of the experiment I bring to class. Because I cannot achieve a precise 

result, I have doubts and I am also a little bit afraid. I am afraid of the teacher’s 
attitude. However, it was not like I had expected. I felt relieved when I saw that 

some of the groups also could not determine the subject. Our teacher did not scold 

anyone yet it would be much better if the teacher provided the experiments. That 

way, there would be more of a possibility of reaching some precise knowledge.”  

Experiment reports 

In trying to defend her arguments only with her own experiences, consulting only 

one resource that was at high school level and not sufficiently covering the 

required number of analytical chemistry subjects when preparing for class, this 

pre-services science teacher played a passive role.  

 

Researcher: How do you design an experiment? How much time do you allocate 
for it? (Final interview) 

Ömer: Designing an experiment… Hmm… It does not take too much time for me. 

It is enough to spend fifteen or twenty minutes. For example, since I search for 

experiments on the Internet, I can imagine and design an experiment in my own 

way on the basis of those experiments. Maybe the experiments we design are not 

that good but we can learn many things from them. It takes only ten-fifteen 

minutes for me.   

Open endedness/ Open 

inquiry 

Reflective diaries   

I feel that I am more active and have a more comprehensive knowledge of the 

subject. I realized that visuals facilitate a more permanent and easy learning. I feel 

that designing a new experiment helps me to practice and get ready for being a 

teacher. I think my level of having more comprehensive knowledge of the subject 

and my skills related to the experiments have been enhanced.”  

RTOP 

“It was observed that she studies actively during both course hours and 

counseling sessions. It was seen that, during the counseling sessions, she tried a 

few times to perform the new experiment she had designed with the friends in her 
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group. She also brought other indicators to class besides the natural indicators 

she had designated in the counseling session.”  

Integration/ Deductive 

Reflective diaries   

"With the help of the experiments performed in the laboratory, I learn through 

observing and performing them myself. I think laboratory studies should be 

carried out after the lecture. This way we can reinforce our knowledge about the 

subject, and we can feel more convinced.”  

  
Researcher: You've seen the cognitive instability was cleared up with 

environment in analytical chemistry so far. What do you think about the 

processing this method?  

Ömer: The teacher should give a lecture on the subject. I don't think I've ever 

learned otherwise. 

Researcher: Why? 

Ömer: Because my research and my findings can be incomplete and inaccurate 

and I can‘t always do good research. I also do not always perform well in the 

laboratory. 

 

Integration/ Inductive 

Researcher: How should your learning environment be in order to learn? What 

should your teacher do? What should your friends do, and what should you do?  

 
Raziye: For me, in order to learn, first of all, everyone in the learning environment 

should have some knowledge about the subject. Even if they do not have some 

knowledge, they should at least have something to say. My friends, the teacher and 

I must not provide the knowledge directly. The teacher should make the student 

think about it and allow the student to get confused. It does not matter if a student 

doesn‘t have the facts straight; making inquiries through "I wonder if…" will 

change so many things. Besides, the confusion this question causes leads everyone 

into a discussion. Each student says something and then gets confused. Finally, I 

think everyone should do some research, find out something and all these should 

be discussed in the course.  The teacher should evaluate deficiencies and mistakes 

and make a summary of the subject. I think that is how it should be. The teacher 
must not provide the knowledge directly and the students should not be left only 

with the knowledge they have learned. 

Reflective diaries   

“I used to think that the lesson should be taught first, and an experiment should be 

conducted afterwards. But as I did more research and explored my shortcomings, I 

saw that this method of learning is more permanent. (RD-8) 

 

Researcher: In your opinion, what is the best way to learn chemistry and/or 

analytical chemistry? How did the implementation carried out until now affect 

your opinion? 

 
Raziye: In fact, not only chemistry courses but also all courses should definitely 

be learned through experiments. In the end we are completely using our 

imagination; I mean we‘re working with things that are not tangible. In order to 

make this more comprehensible, then, we need to be able to make observations. 

Lecturing a subject thoroughly but superficially will only give you knowledge 

about it. But none of us can tell how and at which level we can incorporate this 

knowledge into our daily lives. In fact, chemistry is a part of every sphere in life. 

Chemicals are used in everything, ranging from the water we drink to the clothes 

we wear.  

 

Reflective diaries   

 “I used to think that the lesson should be taught first, and an experiment should 
be conducted afterwards. But as I did more research and explored my 

shortcomings, I saw that this method of learning is more permanent.  

 

 

 




