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Abstract 

This research examined the relationship between university students‟ perceptions of the chemistry laboratory environment 

and their chemistry laboratory anxieties. The method of the study is correlational research. The study was conducted on 281 

university students who enrolled in biology, physics, chemistry, and science teaching programs and took the chemistry 

laboratory course. The chemistry laboratory classroom environment scale and the chemistry laboratory anxiety scale were 

used to collect research data. The obtained data were analyzed via the structural equation model. The research results 

revealed that students‟ perceptions of the chemistry laboratory environment were a significant predictor for their chemistry 

laboratory anxiety. Furthermore, it was determined that 13% of the variance in laboratory anxiety was explained by the 

perceptions of the laboratory environment. 
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1. INTRODUCTION 

When science teaching is examined in terms of its content and pedagogy, it is seen that new 

standards for science education have been developed and adopted (National Research Council, 1996; 

2000). The educational science laboratory is the most striking one among these standards. In science 

laboratories, students can understand and explore nature in a more tangible way through 

experimentation and observation by using authentic, concrete materials (Hofstein & Mamlok-Naaman, 

2007). To achieve this, of course, there are some certain principles need to be considered during 

laboratory activities. Firstly, students should actively participate to the process. They should be aware 

of the problem handled, understand the rationale of the experiment, develop alternative hypotheses to 

solve the problem, and test these hypotheses by collecting and interpreting data (Aladejana, 2006; 

Hung & Chin, 1988; Mayer, 2003). Besides, the practices carried out in the laboratory should be 

qualified enough to arouse students‟ interest, and the creativity of the students should be rewarded, 

their questioning skills should be encouraged, and they should be given a certain duration to develop 

thought-provoking answers and dialogues (Instructional Philosophy, 2004). Following these principles 

in a laboratory teaching is important to provide the students with meaningful learning.  

As a complementary to science education, with laboratory practices, students develop their 

skills of creative and scientific thinking, problem solving, and observing and interpreting the events, 

collecting, and analyzing data, thus they can improve their scientific knowledge (Taitelbaum, 

Mamlok-Naaman, Carmeli, & Hofstein, 2008). That is, through laboratory practices, students can raise 

questions, plan, and perform experiments, collect data using appropriate tools and techniques, make 

                                                           
Received Date: 13/12/2022  Accepted Date: 09/03/2023 Publication Date: 21/03/2023 
*To cite this article: Bilen, D. (2023).  Examination of the relationship between university students' perceptions regarding the 

chemistry laboratory environment and their chemistry laboratory anxiety. International e-Journal of Educational Studies, 7 

(13), 65-74. https://doi.org/10.31458/iejes.1218321 
1 Assist. Prof. Dr., Dicle University, Diyarbakır, Turkey,  dbk1976@gmail.com    
* Corresponding Author e-mail adress: dbk1976@gmail.com 

https://doi.org/10.31458/iejes.1218321
mailto:dbk1976@gmail.com
mailto:dbk1976@gmail.com
https://orcid.org/0000-0002-8327-7122


 

 

66 

critical and logical connections between the gathered data and predictions/presuppositions about the 

results of a scientific experiment, and they develop their ability of structuring, analyzing, discussing 

and sharing scientific arguments (Adadan, 2015). According to Hodson (1996), there are three types of 

skills acquired during laboratory activities. The first one is to ensure the application of science as a 

main source of learning intellectual and theoretical knowledge. The second one is to learn science 

directly from nature and through using scientific methods. The third one, on the other hand, is to 

concentrate on performance, in other words, to specialize in scientific research. Hofstein and Mamlok-

Naaman (2007) stated that laboratory practices increase students‟ problem-solving and scientific 

processing skills, and help them to develop positive attitudes towards science education. Singer, Hilton 

and Schweinger (2005) examined the impact of laboratory experiences on students‟ affective skills 

and revealed that laboratory experiences increase students‟ interest in science and improve their ability 

to make scientific interpretations from the research. 

 1.1. Laboratory Environment 

There are certain factors that play important roles on the effectiveness of laboratory practices 

and of all the factors, laboratory environment has a special place. The absence of proper laboratory 

environment is one of the most serious problems that restrict the efficiency of science teaching. A 

laboratory environment has two aspects: (i) physical environment, and (ii) non-physical environment. 

Physical environment of a laboratory includes the features such as location of the laboratory, lightning, 

furniture design, infrastructure, ventilation, accessibility of the devices, etc. The laboratuaries that are 

not furnished in accordance with today's update technologies, that don‟t meet the students‟ potential 

needs, or that don't have adequate devices (i.e., those  with old, broken/or inadequate materials) are the 

primary obstacles to the practical teaching of science lessons in the laboratory environment. Such 

kinds of situation causes that laboratory practices are often neglected and that most of the science 

lessons are conducted in classroom environment (Güzel, 2002). 

The non-physical aspect of the laboratory environment, on the other hand, includes the 

personality of the teacher, the student-teacher relationship, classroom management ability of the 

teacher, the rules to be followed in the laboratory, the clarity of the said rules and how these rules are 

determined (Silberman, 1973; Wilson, 1996). Quek, Wong and Fraser (1998) investigated „learning 

environments‟, in general, and „laboratory environment‟, in particular, in following five dimensions:   

 

 

 

 

 

 

 

 

 

 

Figure 1. The dimensions of laboratory environment 

In some studies that focus on the nonphysical environment in the laboratuaries found that 

poorly planned laboratory activities (Erdem, 2011; Güneş, 2007) are not efficient, and they can lead to 

confusion (Hodson, 1990) as well as disrupting classroom discipline (cited in Feyzioğlu, Demirdağ, 

Akyıldız, & Eralp, 2012). Undoubtedly, in addition to the physical and non-physical laboratory 

environment, the emotional characteristics of the students also play a decisive role on the practices in 

the laboratory environment. One of the students‟ emotional characteristics that affect the quality of 

Student solidarity Each student helps the others based on their level of knowledge 

Open-mindedness Experiencing laboratory activities with a variety of open-ended approaches 

Integration In the lack of laboratories, supporting the classes with laboratory activities 

Rule transparency Formally-rule surrounded behaviors in laboratories 

Materials Sufficiency of the devices and equipment 
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teaching services in the laboratory environment is the “laboratory anxiety”. As a matter of fact, the 

previous studies (e.g., Uşaklı & Akpınar, 2015; Ünal & Kılıç, 2016) have shown that students have 

anxieties while performing an experiment in a laboratory environment. 

1.2. Laboratory Anxiety 

Freud (1969) defines anxiety as “an undesirable, unpleasant feeling that can be experienced 

anytime and anywhere”. Wynstra (1990), on the other hand, defines science anxiety as a diffuse, 

vague fear of learning science. Eddy (1996) coined the term of chemophobia and ascertained that 

students were anxious while carrying or mixing unfamiliar chemicals. Bowen (1999) was the first to 

use the term of chemistry laboratory anxiety and developed the chemistry laboratory anxiety scale. 

This scale emerged from the idea that it would not be enough to focus only on the anxiety of science 

and chemistry but that laboratory anxiety should be handled separately (Azizoğlu & Uzuntiryaki, 

2006). The scale investigates students‟ anxieties about the chemistry laboratory from a cognitive 

perspective and deals with students‟ use of their causal and experimental skills to comprehend 

chemical concepts. Uşaklı and Akpınar (2015) developed an “anxiety scale for science laboratory” 

with the purpose of determining students‟ anxiety about laboratory and to develop suggestions for 

better and more efficient laboratory classes. Sert-Çıbık and İnce–Aka (2021), on the other hand, 

examined the relationship between students‟ anxiety of chemistry laboratory and their attitudes 

towards laboratory skills from various variables.  

1.3. The Objective of the Study 

The unique atmosphere of the laboratory environment (e.g., students and the instructors need 

to wear uniforms, the dangerous properties of the materials to be exploited in the experiment are not 

known exactly, and the necessity of preparing the experimental setup with peers in front of the 

instructor) may cause performance anxiety among the students. That is, quite different from the 

classroom environment, with its unique atmosphere, the laboratory environment can trigger negative 

feelings as uneasiness, reluctance, and failure in students. Hence, it is thought that students‟ 

perceptions of the science laboratory environment play an effective role on their laboratory anxiety. 

However, considering both the laboratory environment and laboratory anxiety are multidimensional, it 

may only be possible to fully grasp the level and direction of the relationship between these two 

variables through empirical studies on the subject. From this point of view, this study aimed to 

examine the relationship between students' perceptions of the laboratory environment and laboratory 

anxiety. Although the studies in the literature show that the learning environment is effective on 

anxiety and other affective characteristics (e.g., Karslı & Ayas, 2013; Lee & Fraser, 2006; Wong, 

Young & Fraser, 2006), no study has been found in the literature that directly examines the 

relationship between perceptions of the chemistry laboratory environment and chemistry laboratory 

anxiety. In this regard, it is believe that the study will contribute to the literature. 

 

2. METHOD 

2.1. Research Design 

Since, the relationship between university students' perceptions of the chemistry laboratory 

course and their laboratory concerns is examined this study is a correlational research one. In 

correlational research studies, it is aimed to determine whether two or more variables are related to 

each other and to determine the level of the relationship (İlhan & Gezer, 2021). 
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2.2. Study Group 

The selection of individuals or circumstances that satisfy predefined criteria is known as 

criterion sampling. That is to say, in this sampling technique data is gathered from the participants 

who have the specified criterions (Gezer, 2021). The variable taken as a criterion in the current study 

was to have taken the chemistry laboratory course. So, the sampling strategy used in the study was 

criteria sampling. Consequently, the study was conducted on 281 university students who took the 

chemistry laboratory course during the Fall Term of the 2018–2019 academic year and were attending 

the biology, physics, chemistry, and science teaching programs at Dicle University's Ziya Gökalp 

Education Faculty in Turkey.  

2.3. Data Collection Procedures 

The research data were collected using the general chemistry laboratory classroom 

environmental scale and the chemistry laboratory anxiety scale. 

2.3.1. General Chemistry Laboratory Classroom Environmental Scale 

This scale was developed by Moos and Trickett, and adapted into Turkish by Doğan, Atılgan 

and Demirci (2003). The scale has a five-point Likert-type scale ranging from Always (5) to Never 

(1). In the adaptation study; the reliability coefficient of the scale, consisted of 35 items classified into 

five dimensions, calculated as .85, and the reliability coefficients of the subscales were reported to 

vary between .61 and .87. The sub-dimensions of the scale, the reliability coefficients for each 

dimension for the measurements of the current research, and sample items are presented in Table 1. 

Table 1. Sample items and reliability coefficients of the sub-dimensions of the general chemistry 

laboratory classroom environment scale 

 

As can be seen in in Table 1, the Cronbach alpha coefficients vary between .59 and .85. In 

general, coefficients of 70 and above are considered sufficient for the reliability of the measures 

(Erkuş, 2003). However, the number of items in a scale significantly affects the internal consistency 

coefficient and it is difficult to reach high reliability values in scales with few items (Urbina, 2004). 

For this reason, values of .50 and above in scales with a small number of items can be considered as 

the lower limit for reliability (Raines-Eudy, 2000). In this respect, the data obtained in this study by 

means of the general chemistry laboratory classroom environment scale can be considered reliable.  

2.3.2. Chemistry Laboratory Anxiety Scale 

This scale was created by Bowen (1999) and adapted into Turkish by Azizoğlu and 

Uzuntiryaki (2006). The scale was designed in five-point rating from Strongly Agree (5) to Strongly 

Disagree (1), contains 20 items and consists of four dimensions. The reliability coefficients calculated 

for the sub-dimensions were found to vary from 0.86 to 0.88. Table 2 shows the sub-dimensions of the 

scale, the calculated reliability coefficients in the present study for each dimension, and sample items. 

 

Scale Dimensions 
Number 

of Items 
Sample Item 

Reliability 

Coefficient 

Proximity 7 
I get along well with the students in my class in the 

lab 
.73 

Open- mindedness 7 
I have the opportunity to do research on chemistry 

subjects I am interested in laboratory classes.  
.59 

Integration 7 
The studies I do in my General Chemistry classes are 

compatible with the laboratory activities. 
.85 

Clarity in rules 7 
There are clear rules that guide the activities I carry 

out in my lab classes.  
.71 

Physical Environment 7 I find the lab crowded while doing the experiment  .70 
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Table 2. Sample items and reliability coefficients of the sub-dimensions of the chemistry laboratory 

anxiety scale 

Scale Dimensions 
Number 

of Items 
Sample Items 

Reliability 

coefficient 

Working with lab 

equipment and chemicals 
6 

I feel at ease using the chemicals and the equipment in 

the chemistry laboratory.  
.81 

Working with other 

students  
4 

It makes me feel nervous to work with other students in 

the chemistry lab  
.72 

Data collection 6 
While working in the chemistry lab, recording the data 

I need creates tension for me. 
.81 

Having adequate time 4 I feel worried if there is enough time to finish the lab  .77 

  

Table 2 demonstrates that the reliability coefficients range between .72 and .81. When the 

estimated reliability coefficients are considered, it can be stated that the data acquired using the 

chemistry laboratory anxiety scale are reliable.  

2.4. Data Analysis 

Before starting to analyze the data, data was scrutinized to see whether there was missing 

values in the data set and no missing data was found. Then, the distribution of the research data was 

examined. To this end, the skewness and kurtosis coefficients were analyzed. Table 3 provides the 

obtained skewness and kurtosis coefficients.  

Table 3. The skewness and kurtosis coefficients of the research data 

Scale Dimensions Skewness Kurtosis 

General 

Chemistry 

Laboratory 

Classroom 

Environmental 

Scale 

Proximity -.22 -.09 

Open endedness -.22 -.07 

Integration  -.55 -.03 

Clarity of Rules -.38 .38 

Physical Environment -.09 .04 

Chemistry 

Lab Anxiety 

Scale 

Working with lab materials and chemicals -.05 -.41 

Working with other students .37 -.36 

Data Collection .14 -.56 

Having adequate time .26 -.36 

 

Table 3 shows that all of the skewness and kurtosis values are in the range of ±1. In a 

perfectly symmetrical normal distribution, the skewness and kurtosis coefficients are equal to 0 

(Bachman, 2004). However, the skewness coefficients in the range of ±1 are interpreted as the data do 

not show a significant deviation from the normal distribution (Büyüköztürk, 2010). In this respect, it 

can be said that the research data display a normal distribution. 

After it was determined that the data had a normal distribution, the data analysis process was 

initiated. Correlation analysis (Pearson product-moment correlation) and structural equation modeling 

were employed to examine the relationship between chemistry laboratory classroom environment and 

chemistry laboratory anxiety. Structural equation model analyzes were carried out based on the 

maximum likelihood method, since the data were found to be in accordance with the normal 

distribution. During the analysis, while determining the compatibility level between the tested model 

and the data, the fit indices were looked into. Table 4 illustrates the acceptable values for the fit 

indices checked over. While SPSS 21.0 package program was utilized for the correlation analysis, 

LISREL 8.54 software was operated for performing structural equation model analysis. 
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Table 4. Acceptable criteria for the fit indices analyzed in the study 

Analyzed  

fit indexes 
χ

2
/df 

a 
RMSEA 

b 
SRMR 

b 
CFI 

c 
IFI 

c 
RFI 

c 
NFI 

c 
NNFI 

c 
GFI 

c 

Criteria 

Values 
< 5 < .10 < .08 > .95 > .95 > .95 > .95 > .95 > .95 

a Aksu, Eser & Güzeller (2017), b Meyers, Gamst & Guarino (2006), c İlhan & Çetin (2014) 

3. FINDINGS 

  The research findings are presented below. First, correlation analysis was applied on the total 

scores obtained from the general chemistry laboratory classroom environment scale and chemistry 

laboratory anxiety scales, and the relationship between the two variables was found to be statistically 

significant [r= –.31, p < .01]. Then, structural equation model analysis was applied to determine the 

predictive power of students‟ perceptions of the general chemistry laboratory classroom environment 

to predict their chemistry laboratory anxiety. Findings of structural equation modeling are displayed in 

Figure 2. 

    

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Structural equation model of the relationship between perceptions of the chemistry 

laboratory environment and laboratory anxiety 

When the fit indices of the tested model, the following results were obtained: χ
2
/df = 3.39, 

RMSEA = .092, SRMR = .076, CFI = .95, IFI = .95, RFI = .91, NFI = .94, NNFI = .93 and GFI = .93. 

Based on cut-off points regarding to these findings, it can be concluded that the model established 

between the general chemistry laboratory classroom environment and laboratory anxiety is confirmed 

by the research data. When the coefficients of the model were examined, the equation for predicting 

the chemistry laboratory anxiety of the students with their perceptions of the general chemistry 

laboratory classroom environment was found to be: 

(Laboratory anxiety) = -0.36* (General chemistry Lab. environment), Error variance = .87, R
2 
= .13 

      (.070)   (.12)       

      –5.23    7.39 

 

 As seen in the equation above, 13% of the variance in students‟ laboratory anxiety can be 

explained by their perceptions of the general chemistry laboratory classroom environment. 
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4. DISCUSSION and CONCLUSION  

In this study, the relationship between university students' perceptions of the chemistry 

laboratory environment and their laboratory anxiety was investigated. As a result of the study, it was 

found that the perception of the laboratory environment is a significant predictor of laboratory anxiety. 

Although there is no study in the literature that directly deals with the relationship between laboratory 

anxiety and perception of the laboratory environment, there are studies that can indirectly support the 

current research findings. Wong, Young and Fraser (2006), investigated the relationship between 

middle school students‟ perceptions of the chemistry laboratory environment and their attitudes 

towards the chemistry. They established that students‟ perceptions of the chemistry laboratory 

environment is an important variable that shapes students‟ attitudes towards the chemistry. Similarly, 

Lee and Fraser (2001), found a statistically significant relationship between students‟ perceptions of 

the laboratory environment and their attitudes towards science in the study they conducted on 437 high 

school students in Korea. The results of the studies of Wong et al., (2006) and Lee and Fraser, (2001) 

are compatible with the findings of this study in that they indicate that perception of the laboratory 

environment is related significantly with students‟ affective traits. 

The results of studies examining the relationship between the perception of laboratory 

environment and academic achievement show indirect similarity with the findings of the present study. 

Olubu (2015) investigated how secondary school students‟ perceptions of the laboratory learning 

environment affect their academic performance and determined that students‟ perception of the 

laboratory environment had a significant effect on their chemistry performance. Aladejana and 

Aderibigbe (2007) investigated high school students‟ perceptions of the science laboratory 

environment and its effects on their learning outcomes. They handled students‟ perception of the 

science laboratory environment under five dimensions, and determined that all dimensions were 

positively and significantly related to academic achievement. As can be seen, the studies by both 

Olubu (2015) and Aladejana (2006) do not directly address laboratory anxiety. However, considering 

the fact that there is a significant relationship between the perceptions of the laboratory environment 

and learning outcomes in the studies cited above, it can be stated that the results of the studies just 

mentioned are partially analogous to the findings of the current study. 

The findings obtained in this research are compatible with the results obtained in studies 

conducted in other disciplines. Haertel, Walberg and Haertel, (1981) investigated the correlation 

between social and psychological characteristics of the learning environment and cognitive and 

affective learning outcomes and analyzed the results of 12 studies conducted in eight different 

disciplines. The results of the analysis proved that there was a significant relationship between the 

learning environment and learning outcomes. In the studies conducted by Miller and Mitchell (1994), 

Tooke and Lindstrom (1998), Shields (2006), and Taylor and Fraser (2013), it was determined that the 

classroom environment is an effective variable on mathematics anxiety. Henderson, Fisher and Fraser, 

(1995) examined the relationship between students‟ perceptions of the learning environment and their 

attitudes towards the classroom and in-class discussions in the „environmental science course‟, and 

they ascertained that there was a significant relationship between said variables. In their study on 

secondary school students in Australia, Dorman, Fisher and Waldrip, (2006) examined the 

relationships between students‟ perceptions of the science lesson environment, their attitudes towards 

the course and their academic self-efficacy. Fia et al., (2022) conducted research on the causes, effects, 

and management of science anxiety in 337 high school students. It was revealed that the participants 

experienced science homework, attitudes towards science, fear when entering science class, and 

anxiety about solving science problems. As a result of the study, it was determined that 49% of the 

variance of the attitude towards the course and 45% of the variance of the academic efficacy were 

related to the students‟ perceptions of the science course environment. These abovementioned results 



 

 

72 

indicate that the research findings are compatible with the results of the studies conducted in other 

disciplines.  

5. SUGGESTIONS for FURTHER RESEARCH 

  As a result of the research, it was determined that 13% of the total variance of laboratory 

anxiety is related to students‟ perceptions of the general chemistry laboratory classroom environment. 

This means that the proper design of the chemistry laboratory environment will contribute to the 

prevention of laboratory anxiety. Therefore, in order to decrease laboratory anxiety, a suitable physical 

environment must be created in the laboratory, the rules to be followed must be clearly defined, a 

proper atmosphere where students can work collaboratively, a democratic environment should be 

provided to students in which they can study the subjects they are interested in. Additionally, it should 

be paid attention that the experiments conducted in the laboratory environment should be compatible 

with theoretical chemistry courses. 

  This research is a correlational one. Although correlational studies can reveal the direction 

and strength of the relationship between variables, they limit the interpretations that can be made about 

the causality of the results. In In this respect, it is important to carry out experimental studies to 

determine the effect of perceptions about the laboratory environment on laboratory anxiety for more 

precise inferring about causality. In addition, the data of the present study were collected using self-

report instruments. Further studies on the subject should use different data collection methods such as 

making observations in the laboratory environment, conducting interviews with the instructors of 

laboratory courses and with the students taking this course, asking students to keep reflective diaries 

and examining these diaries. 
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