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Abstract
Pre-laboratory activities are designed to focus the attention of students on some aspect of the experiment they are preparing to do during the week. Previous research has found that such activities reduce the cognitive load in laboratory time and tend to increase the efficiency of students’ laboratory work. The research aims at comparing the importance of demographic characteristics affecting teachers’ use of pre-laboratory activities in a chemistry lesson. The quantitative survey research was conducted on a sampling frame of 600 chemistry teachers from all regions in Croatia. An online questionnaire was completed by 166 chemistry teachers. In pre-laboratory sessions, teachers most commonly used a pre-lab discussion and pre-lab worksheets whereas computer simulations were represented the least. Three characteristics affecting the teachers’ use of pre-laboratory activities in chemistry lessons were their gender, age and teaching subjects. Teachers’ education, teaching experience and school types were nonsignificant characteristics.
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1. Introduction
Laboratory activities are learning experiences in which students interact with materials and/or with models to observe and understand the natural world. Science educators have suggested that many benefits accrue from engaging students in science laboratory activities.1 This includes exposing students to concrete experiences with objects and concepts mentioned in the classroom.2 In addition, it allows the connection of macroscopic observations to the abstract representations and symbolizations used in science to be made by facilitating the understanding of chemical concepts.3 Literature findings have indicated that students’ preparation in advance of laboratory work should increase the chances of their understanding what they are doing in the lab. This is intended to avoid a ‘cookbook’ or ‘recipe-following scenario’.4
[bookmark: _Hlk508630275]This research is focused on the use of various aspects of preparation for laboratory work in Croatian schools, exploring the possibility of the influence of teachers’ demographic profile. Chemistry teachers are required to complete a survey questionnaire about the use of pre-laboratory activities (PLABs) in their teaching practice. Schooling in Croatia consists of eight primary grades and four secondary grades. Chemistry is a subject for 7–8 grade primary students and 1–4 grade secondary students, depending on the school type. Most schools hold two 45-minute chemistry lessons per week. In the first grade of general high school, general chemistry is discussed, in the second physical, in the third inorganic and in the fourth organic chemistry.
In the next section, the importance of preparing students for laboratory work is explained. Information processing and knowledge building are limited to the working memory capacity but the use of PLABs leads to reducing working memory load in laboratory time.

1.1. [bookmark: _Hlk508630373] The Importance of PLABs
      The concept of PLABs is particularly based on ideas developed by Ausubel5 (preparing the mind for learning) and Sweller, Van Merrienboer and Paas's6 cognitive load theory (CLT)., According to CLT, information processing and knowledge building are limited to the working memory capacity. The overloaded working memory capacity does not leave space for thinking and information organization, which results in cognitive overload.7 In a laboratory, there is much more information to be processed than is necessary. For a novice, all of the information (the bubble, the colour change, the smell etc.) is potentially important and relevant, while only a limited part of this is important for the expert because of the precise filter available to them. The expert has the information held in the long-term memory as prior knowledge, theory and/or previous experience.8
PLABs are designed to focus the attention of students on some aspect of the experiment they are preparing to do during the week9 in accordance with the selected objectives for experimental work 10.
According to Johnstone et al., the aim of PLABs is to prepare students to take an intelligent interest in the experiment by knowing where they will go, why they will go there, and how they will get there.4 The importance of preparing students for laboratory work by reducing the cognitive load in laboratory time has been highlighted by educators and psychologists, and it has also been the subject of a lot of research.11
     According to Agustian and Seery,12 the advantages of students’ preparation in advance of a laboratory session can be classified into four categories: 
· Overall – PLABs tend to have a positive impact on learning in the laboratory.8,13 
· Experimental – PLABs tend to increase the efficiency of students’ laboratory work, and reduce the time spent on experimental tasks.11
· Conceptual – PLABs that prepare students for conceptual aspects of laboratory work tend to result in students performing better in the laboratory. PLABs that present conceptual ideas of laboratory work tend to lead students to feel more autonomous about completing their laboratory work.8,14 
· Affective – PLABs enable students to feel more confident about laboratory work13,15, and/or reduce students’ negative feelings towards laboratory classes16.
The nature and purpose of PLABs depend on the context and purpose of the laboratory in question.12 Rollnick et al.17 concluded that the best form of preparation varies from student to student. Some students will prepare thoroughly no matter what obligatory preparation is demanded. Those who are willing in spirit but poorly organised, or those who would skip preparation because of the load of other academic work are the ones who benefit most from the obligatory preparation.17 
[bookmark: _Hlk508631580]
1.2.  Literature Review of PLABs 
In science education literature, the use of various PLABs is extensively described at an undergraduate level. Parallel experiences at a secondary school level are considerably smaller, but also of vital importance.18 The conventional way of preparing students would be to encourage them to read their laboratory manuals, but these typically overload them with information to be held at the same time. On the other hand, only a limited number of students try to understand or do read the manuals before entering the laboratory.19 The literature review revealed the use of various aspects of PLABs, such as pre-laboratory discussions,20 pre-lab questionnaires,8 pre‐lab exercises with solving theoretical problems related to the experiment,9 and pre-laboratory instructions21.  Students can be required to prepare a laboratory notebook in advance with customary information22 or complete pre-lab worksheets with questions relevant to a particular experiment4.
The results of recent studies indicate frequent use of video demonstrations and online quizzes in advance of laboratory classes,14,15  as well as online pre-laboratory assignments13. The videos can consist of voice-over Powerpoints with photographs of laboratory glassware set up, explanation/description of laboratory procedures, important safety considerations and waste disposal instructions.15 The use of quizzes with feedback improves links between theory and practical work by means of providing immediate feedback to students.13 Pre-laboratory software resources and simulations are being increasingly used as preparation for laboratory work and as a way of introducing students with the theory relevant to the experiment, as well as for introducing experimental design aspects.11,18 
 Although these previous studies have been useful, the subject of whether demographic characteristics influence the use of PLABs remains unexplored. Only by comparing them together can we determine their possibly important influence on the teaching practice.

1.3.  Demographic Characteristics in Education
       The relationship between education and demographic characteristics has been described and analysed in a small number of research work. Some studies have addressed how demographic factors affect students’ performance in a medical school,23 how better knowledge of demographic factors can be utilised to benefit secondary students24 and some have focused on gender differences in mathematics and science25. According to a literature review, the level of emotional intelligence among academic lecturers improved with age, teaching experience, grades and education, whereas gender and prior work were not contributing factors.26 The most recent study27 revealed that gender and grade level were nonsignificant factors affecting secondary school students’ individual interest in school science lessons.27
Despite the literature related to education, any relationship between the use of teaching methods and demographic characteristics remains unclear. In this paper, we have tried to investigate a possible influence of teachers’ demographic characteristics on the use of PLABs in chemistry education.

1.4.  Research Purpose
In Croatian education system, there is a lack of relevant scientific research that refers to the importance of the preparation of students with the aim of reducing the cognitive load during laboratory classes. In addition, beyond the context of Croatia, there is a dearth of research analysing the use of PLABs in secondary chemistry education. In addition, in the international scientific literature, no reports of research on the demographic characteristics of teachers related to their teaching methods can be found. Our study is an attempt to fill these gaps by focusing on these issues in the context of Croatia. The conducted research is the first part of a more comprehensive study within a PhD project regarding the implementation of the pre-learning strategy into chemistry education. 
The main purpose of this research was to determine the frequency of using PLABs for teaching chemistry, and at the same time to explore the influence of demographic characteristics on the use of PLABs within the chemistry teacher population. Six specific characteristics were analysed: gender, age, teacher education, teaching subjects, school type, and teaching experience. Findings from this research should provide a direct insight into the actual practice of teachers and their priorities in the selection of certain aspects of PLABs in chemistry teaching. Learning more about the demographic characteristics of chemistry teachers will allow a more detailed analysis and give a more accurate view on the real current situation in Croatian chemistry education, thus preparing the way for methodological intervention strategies.
[bookmark: _Hlk508633325]       Research questions. This research intends to provide answers to the following research questions: 
1.  How often do chemistry teachers use PLABs in their classes?
2.  Does the teachers’ use of PLABs depend on their demographic characteristics (gender, age, teacher education, teaching subjects, school type and teaching experience)? 

2. [bookmark: _Hlk508633317]Methodology
This quantitative survey research enables the collection of data about demographic characteristics of participants and can also quantify the frequency of using PLABs. A nationwide questionnaire survey was administered to a population of chemistry teachers from the whole area of Croatia.
[bookmark: _Hlk508633738]
2.1.  Research Participants
The sampling frame consisted of 600 chemistry teachers from all 21 regions in Croatia whose email addresses were obtained on request from the education advisor database. A total of 166 of the targeted chemistry teachers (response rate 27.7%) completed the online survey.
Consent of an institutional review board, Faculty of Science, University of Split was obtained. The participation in this survey research was completely voluntary, and all participants were informed of the research purpose, the research content, and the benefit that included their contribution to the advancement of the education research. Teachers’ consent of free and conscious decision for the participation in the research was obtained from all participants. The confidentiality and anonymity were a priority for the participants of the current research. 

2.2. [bookmark: _Hlk508633750] Research Instrument
[bookmark: _Hlk508633803]The Using Pre-Laboratory Activities Questionnaire (UPLAQ) was constructed for the purpose of this research, based on the data obtained from a review of existing literature, and it was made with the free web survey tool Google Docs. The UPLAQ consisted of 15 items, 14 close-ended items and one open-ended item. The first seven items included demographic characteristics of chemistry teachers (region, gender, age, education, teaching subjects, school type, and teaching experience). The remaining seven close-ended items related to the research topic required participants to estimate the frequency of the use of various forms of PLABs: 
•	reading the laboratory manual, 
•	pre-lab discussion about the most important points of an experiment in the first half-hour of the lab class,
•	completing pre-lab worksheets,
•	solving theoretical problems related to the experiment before coming to the lab class,
•	using audiovisual materials,
•	solving online pre-lab assignments, 
•	doing computer simulations of experiments.
In order to suit the purpose of this research and facilitate administration, the Likert six-point scale of frequency (1-never, 2-sometimes, 3-usually, 4-often, 5-very often, 6-always) was chosen. In order to avoid restricting the teachers to choose among seven types of PLABs, the following open-ended question was included at the end of UPLAQ: "If you use other types of PLABs which have not been mentioned in the questionnaire, please describe them briefly here". 
The credibility of the applied instrument was assured by considering the test validity and reliability. The first version of UPLAQ was given to two university chemistry professors and two high school chemistry teachers for their review. According to the given recommendations, UPLAQ was revised. The next step in the development of the instrument was the pilot research (March 2017) focused on the quality control of the questionnaire and the gathering of data for its optimisation. Seven questionnaire items, which provide information about the frequency of the use of various PLABs, were used as a basis for determining the internal consistency. The internal consistency reliabilities using the Cronbach α coefficient was calculated .79 for all items.28 The results indicated that the scale had an acceptable level of reliability.
In the present research, an email invitation with a link to access UPLAQ was distributed at the same time to 600 chemistry teachers from the whole area of Croatia. During June and July 2017, UPLAQ was completed online by 166 chemistry teachers. Prior to filling out UPLAQ, teachers had to read the introductory text in which the research purpose, result process and instructions for completing UPLAQ were stated. 

2.3.  Data Analysis
Based on the set research questions and hypotheses, the collected data were analysed with the statistical package IBM SPSS Statistics 21.0 where descriptive and inferential analyses were employed. Descriptive statistics such as a frequency distribution was employed to describe the general data of this research. For the purpose of revealing any differences between selected demographic characteristics and the use of PLABs, inferential analyses such as non-parametric two-tailed Mann–Whitney U-test and Kruskal–Wallis H test were utilised. These tests were chosen since they enabled the testing of hypotheses on small and asymmetrically distributed samples. 

3. [bookmark: _Hlk508636195]Results
3.1. [bookmark: _Hlk508636832] Frequency of the Use of PLABs 
The first research question was: How often do chemistry teachers use PLABs in their classes? The descriptive statistics analysis was carried out in order to calculate the frequency percentage of teachers’ responses for the data collected with UPLAQ on the overall sample (Fig. 1). It can be seen that teachers most commonly use pre-lab discussion in the first half-hour of work (S2). Almost a half of teachers (46.5%) use the pre-lab discussion often to always. 


  Figure 1: The frequency percentage of teachers’ responses (N=166) to the online survey of Using Pre-Laboratory    
                   Activities, by statements (S)  

From the results presented in Fig. 1, the second most commonly used activity is completing pre-lab worksheets (S3), and about one-third of teachers (35.0%) often to always assign completing pre-lab worksheets to the students. The least use was noticed for computer simulations (S7). The results show that about a half of the participants never use computer simulations as PLABs, whereas almost one-third of participants do that sometimes. A slightly higher use was obtained for solving online pre-lab assignments (S6). These activities are sometimes carried out by 37.3% of the participants whereas 44.7% of the participants never use them. 
A smaller number of teachers responded to the open-ended question "If you use other types of PLABs which have not been mentioned in the questionnaire, please describe them briefly here". The following responses referred to the use of PLABs:
"A lot of things from the survey questions are used after the experiment." 
"At the end of the lesson, I always tell students what we are going to do in the next laboratory work."
"I publish in our Facebook group some type of a riddle or questions which refer to the exercise from laboratory work which will be graded during the next lesson. Some students research it, so they have the advantage in doing laboratory work."
Other answers contemplated technical and syllabus possibilities of teaching (e.g. "the experimental work is done in a classroom without computer equipment", "we do not have classic laboratory exercises at school as they have not been foreseen in the syllabus"). Differences in the use of PLABs are examined and discussed in detail in the following subsection.

3.2.  Differences in the Use of PLABs regarding Demographic Characteristics
Each group of data was tested for normality with Shapiro–Wilk’s W test and the Kolmogorov–Smirnov test with Lilliefors’ significance.29 The results (p <.05) indicated that the collected data did not satisfy the requirements of a normal distribution. The assumption of the independence of observations was met, there were two or more independent groups compared at the ordinal level.
        In order to provide a complete answer to the second research question posed in this paper: 
Does the teachers’ use of PLABs depend on their demographic characteristics (gender, age, teacher education, teaching subjects, school type and teaching experience) and the six null hypotheses associated with this research question, the non-parametric Mann–Whitney U test and Kruskal–Wallis H test (level of significance at p<.05) were applied. For this analysis, the teachers’ uses of seven aspects of PLABs were defined as dependent variables while demographic characteristics were defined as independent variables.

3.2.1. [bookmark: _Hlk508637399]Gender differences in the use of PLABs
      For an evaluation of differences in the teachers’ responses regarding gender, the two-tailed non-parametric Mann–Whitney U test was used for two independent groups: group 1 – male (N=19) and group 2 – female (N=147). 
In Table 1, it can be seen that there were higher mean rank (MR) values for male gender participants in each of the seven statements (S). Statistically significant differences regarding the gender were obtained in S1: Students are prepared for laboratory work by reading the pre-lab manual (Mann–Whitney U=1016.500, Z=–1.993, N1=147, N2=19, p=.046, two-tailed) and in S2: Students are prepared for laboratory work by pre-lab discussion in the first half-hour of work (Mann–Whitney U=964.500, Z=–2.238, N1=147, N2=19, p=.025, two-tailed).

 Table 1:  The results of the Mann–Whitney U test (two-tailed) of statistically significant differences in the chemistry 
                 teachers' use of pre-laboratory activities regarding the gender (N(male)=19; N(female)=147)
	Items
	Pre-laboratory
Activities
	 Groupa
	  Mean Rank
	U
	Z
	p

	1
	Pre-lab manual
	  Male
	103.50
	1016.500
	–1.993
	.046

	
	
	  Female
	  80.91
	
	
	

	2
	Pre-lab discussion
	  Male
	106.24
	964.500
	–2.238
	.025

	
	
	  Female
	  80.56
	
	
	

	3
	Pre-lab worksheets
	  Male
	  95.55
	1167.500
	–1.201
	.230

	
	
	  Female
	  81.94
	
	
	

	4
	Solving theoretical problems
	  Male
	101.00
	1064.000
	–1.763
	.078

	
	
	  Female
	  81.24
	
	
	

	5
	Audiovisual materials
	  Male
	  83.84
	1390.000
	–0.035
	.972

	
	
	  Female
	  83.46
	
	
	

	6
	Online assignments
	  Male
	  85.82
	1352.500
	–0.241
	.810

	
	
	  Female
	  83.20
	
	
	

	7
	Computer simulations
	  Male
	  92.11
	1233.000
	–0.911
	.362

	
	
	  Female
	  82.39
	
	
	






                              
                   
       
   

                  
    
    

          


     




                             
                             aGrouping Variable: Gender

In order to provide a clear description of the size of the observed statistically significant influences, the effect sizes were evaluated using the r benchmarks, provided by Cohen30, following the formula31:
                                                               r=z/√N                                                                 (1)

Small effect sizes were determined for the use of reading pre-lab manual activity (r =–0.15), and for the use of a pre-lab discussion activity (r =–0.17). 

      3.2.2. Teaching subjects differences in the use of PLABs. 
       For an evaluation of differences in the teachers’ responses regarding teaching subjects, the non-parametric Kruskal–Wallis H test was utilised for three independent groups: group 1 – chemistry (N=85), group 2 – chemistry/biology (N=73) and group 3 – chemistry/physics (N=8).
According to Table 2, the mean rank (MR) values were the highest for chemistry/physics teachers in most statements, except in S5: Students are prepared for laboratory work by using audiovisual material. The Kruskal–Wallis H test showed that there was a statistically significant difference regarding teaching subjects in S4: Students are prepared for laboratory work by solving theoretical problems (χ2(2)=6.078, p=.048) with the highest mean rank value for chemistry/physics teachers (MR=120.06).

           Table 2: The results of the Kruskal–Wallis H test of statistically significant differences in the chemistry 
                            teachers’ use of pre-laboratory activities regarding teaching subjects (N(chem)=85; 
                            N(chem/bio)=73; N(chem/phys)=8)

	Items
	Pre-laboratory
activities
	      Groupa
	Mean
Rank
	 χ2
	p

	1
	Pre-lab manual
	Chem
	  83.56
	1.686

	.430

	
	
	Chem/Bio
	  81.22
	
	

	
	
	Chem/Phys
	103.69
	
	

	2
	Pre-lab discussion
	Chem
	  88.61
	5.401

	.067

	
	
	Chem/Bio
	  74.97
	
	

	
	
	Chem/Phys
	107.06
	
	

	3
	Pre-lab worksheets
	Chem
	  81.85
	1.223
	.542

	
	
	Chem/Bio
	  83.51
	
	

	
	
	Chem/Phys
	100.88
	
	

	4
	Solving theoretical problems
	Chem
	 84.61
	6.078

	.048

	
	
	Chem/Bio
	 78.20
	
	

	
	
	Chem/Phys
	120.06
	
	

	5
	Audiovisual materials
	Chem
	 79.76
	1.248
	.536


	
	
	Chem/Bio
	 87.83
	
	

	
	
	Chem/Phys
	 83.69
	
	

	6
	Online assignments
	Chem
	 85.18
	4.729
	.094

	
	
	Chem/Bio
	 78.27
	
	

	
	
	Chem/Phys
	113.38
	
	

	7
	Computer simulations
	Chem
	 82.02
	4.502
	.105

	
	
	Chem/Bio
	    81.72
	
	

	
	
	Chem/Phys
	  115.50
	
	



                              aGrouping Variable: Teaching Subjects  

The post-hoc Mann–Whitney U test was used to identify the cause of the effect in the Kruskal–Wallis H test. The results in Table 3 revealed the significant difference between chemistry/biology and chemistry/physics regarding the use of solving theoretical problems (U=–41.864, p=.044).

                     Table 3:  Group comparison with post-hoc Mann–Whitney tests (two-tailed) in the   
                                          chemistry teachers’ use of pre-laboratory activities regarding teaching 
                                          subjects
	Pairs of Groups
	U
	p

	Chem – Chem/Bio
	   6.413
	1.000

	Chem/Bio – Chem/Phys
	–41.864
	        .044

	Chem/Phys – Chem
	–35.451
	        .111






                                 
         
         3.2.3. Age differences in the use of PLABs
         For evaluation of differences in the teachers’ responses regarding the age of teachers, the non-parametric Kruskal–Wallis H test was utilised. The amount of the obtained quantitative data was reduced with classification into three independent groups: 1) under 36 years (groups included: under 30 years old and 30–35 years old); 2) 36–45 years (groups included: 36–40 years old and 41–45 years old); 3) over 45 years (groups included: 46–55 years old and over 55 years old).
In Table 4, the largest mean rank difference can be noted in S3: Students are prepared for laboratory work by completing pre-lab worksheets, with the highest MR value (101.18) for group 1 (under 36 years). The results of the Kruskal–Wallis H test (χ2(2)=7.494, p=.024) showed that there was statistically significant difference. 

            Table 4:  The results of the Kruskal–Wallis H test of statistically significant differences in the chemistry 
                              teachers’ use of pre-laboratory activities regarding the age of teachers (N(< 36)=37; N(36–45)=55; 
                              N(> 45)=74)

	Items
	Pre-laboratory
activities
	  Groupa
	 Mean
 Rank
	 χ2
	p

	1
	Pre-lab manual
	   < 36 years
	 88.15
	0.917
	.632

	
	
	36–45 years
	 79.02
	
	

	
	
	   > 45 years
	 84.51
	
	

	
	
	
	
	
	

	2
	Pre-lab discussion
	   < 36 years
	 85.68
	1.851
	.396

	
	
	36–45 years
	 76.52
	
	

	
	
	   > 45 years
	 87.60
	
	

	
	
	
	
	
	

	3
	Pre-lab worksheets
	   < 36 years
	101.18
	7.494
	.024

	
	
	36–45 years
	 82.15
	
	

	
	
	   > 45 years
	 75.66
	
	

	
	
	
	
	
	

	4
	Solving theoretical 
	   < 36 years
	 91.59
	1.539
	.463

	
	problems
	36–45 years
	 79.99
	
	

	
	
	   > 45 years
	 82.06
	
	

	
	
	
	
	
	

	5
	Audiovisual 
	   < 36 years
	 85.18
	0.543
	.762

	
	materials
	 36–45 years
	 79.83
	
	

	
	
	   > 45 years
	 85.39
	
	

	
	
	
	
	
	

	6
	Online assignments
	   < 36 years
	 80.39
	0.233
	.890

	
	
	 36–45 years
	 84.55
	
	

	
	
	   > 45 years
	 84.27
	
	

	
	
	
	
	
	

	7
	Computer 
	   < 36 years
	 89.85
	1.152
	.562

	
	simulations
	36–45 years
	 79.96
	
	

	
	
	   > 45 years
	 82.95
	
	


                          aGrouping Variable: Age of Teachers    

The results of the Mann–Whitney U test (p>.05) showed that there were no statistically significant differences in the overall use of PLABs regarding the teachers’ education (teacher, engineer/educator). Likewise, the results of the Kruskal–Wallis H test (p>.05) showed that there were no statistically significant differences in the overall use of PLABs regarding both teaching experience and school types. 

4. Discussion
The findings of the present research were obtained by a survey on chemistry teachers from all regions of Croatia about the use of various aspects of PLABs. This research seeks to offer an overview of the actual practice in chemistry teaching with respect to teachers’ demographic characteristics and their use of PLABs.
According to the presented results, in pre-laboratory sessions teachers most commonly used a pre-lab discussion by setting up questions that serve as the focus for discussion and that guide inquiry in the lab as described in previous research.20 Male teachers used a pre-lab discussion with a more significant frequency than female teachers. Pre-lab worksheets, described in  Johnstone et al.'s study,4 are the second aspect of PLABs often used in chemistry teaching with a more significant use among teachers under 36 years of age. On the other hand, the lowest frequencies in use appeared with solving online assessments and doing computer simulations, although studies show that the use of quizzes provides immediate feedback to students by improving links between theory and practical work.13 The use of pre-lab computer simulations, aimed at the theory central to the laboratory exercise, reduces the cognitive load in students.11         
Even though the responses "never" and "sometimes" were very frequent for certain questionnaire items, it cannot be claimed that the chemistry teachers used the suggested PLABs to an insufficient extent. It is possible that every participating teacher used at least one form of PLABs for every laboratory class. An open-ended question was included at the end of UPLAQ to allow a full picture of the teachers’ use of PLABs. The teachers announced using laboratory work at the following class or posting interesting tasks on Facebook, which is in line with the affinities of today's student generations.
The conventional way of preparing students for laboratory work is reading laboratory manuals, but Reid and Shah find that these typically overload them with information to be held at the same time.19 The pre-lab manual, which contains the explanation of laboratory procedures and important safety considerations, was mostly used by male teachers. In this research, gender was found to be a significant factor, which was the opposite of previous studies in education.26,27 Chemistry/physics teachers used solving theoretical problems activities with a more significant frequency than chemistry/biology teachers. 
The observed significant differences regarding the gender, age and teaching subjects were small. Therefore, it cannot be claimed with sufficient probability that these differences exist in the entire population of teachers represented by our sample. The use of all PLABs was more frequent in male teachers and in chemistry/physics teachers (except using audiovisual materials) but the lack of significant differences was likely due to uneven group sizes (gender, N1=19, N2=147 and teaching subjects, N1=85, N2=73, N3=8). The likelihood that the test correctly rejected the null hypothesis decreased as the group sizes were more uneven. 
There were several limitations that should be taken into account when drawing conclusions from this research. At first, email addresses of 600 teachers were obtained on request from the education advisor database but an unknown proportion of the entire population was not sampled. The obtained sample of 166 teachers may not represent the entire chemistry teacher population accurately. The results of the research cannot be used in generalisations pertaining to the entire population. However, by applying appropriate statistical tests, useful conclusions on the population could be extrapolated. 
The second limitation, all conclusions must be considered within the context of limitations that arise from the nature of the survey research itself. Although the self-administered online questionnaire permits increased anonymity, which increases the likelihood of honest responses,32 there was no way to tell how truthful the participants were, they could be forgetful or not think within the full context of the situation and respond based on their own interpretation of statements of the questionnaire.
The third and largest limitation in testing possible differences in the use of PLABs, was the impossibility of establishing equivalence of samples. Very uneven sample sizes regarding gender provide a realistic picture of male under-representation in Croatian primary and secondary schools, and such a bias could be difficult to avoid. However, the assumption is that the groups were homogeneous in social status, profession and the level of education. Despite these limitations, the present research provided a satisfactory analysis of the actual current situation in Croatian chemistry education regarding the use of PLABs.

5. Conclusions
This survey research was aimed at using PLABs for chemistry teaching. The seven aspects of PLABs were offered in UPLAQ to get a direct insight into how often chemistry teachers use PLABs in their classes. At the same time, the influence of six demographic characteristics towards the use of PLABs in the chemistry teacher population was explored. 
In pre-laboratory sessions, teachers most commonly used a pre-lab discussion and pre-lab worksheets whereas PLABs with ICT (online assignment, computer simulations) were represented the least. The strongest demographic characteristic affecting teachers’ use of PLABs in chemistry lessons was their gender, followed by age and teaching subjects. Teachers’ education, teaching experience and school types were nonsignificant characteristics.
Although these influences were small, a trend regarding more frequent use of PLABs can be noticed in male chemistry/physics teachers under 36 years of age, which could lead to further research to establish the equivalence of samples. To get more detailed demographic profiles, future studies can include a questionnaire with open-ended questions in items regarding age and teaching experience. 
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(S7) Students are prepared for laboratory work by computer simulations.	(S6) Students are prepared for laboratory work by solving online pre-lab assignments.	(S5) Students are prepared for laboratory work by using audiovisual materials.	(S1) Students are prepared for laboratory work by reading a pre-lab manual.	(S4) Students are prepared for laboratory work by solving theoretical problems.	(S3) Students are prepared for laboratory work by completing pre-lab worksheets.	(S2) Students are prepared for laboratory work by pre-lab discussion.	51.8	44.7	21.7	35.5	10.8	12	4.8	Sometimes	31.9
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(S7) Students are prepared for laboratory work by computer simulations.	(S6) Students are prepared for laboratory work by solving online pre-lab assignments.	(S5) Students are prepared for laboratory work by using audiovisual materials.	(S1) Students are prepared for laboratory work by reading a pre-lab manual.	(S4) Students are prepared for laboratory work by solving theoretical problems.	(S3) Students are prepared for laboratory work by completing pre-lab worksheets.	(S2) Students are prepared for laboratory work by pre-lab discussion.	31.9	37.299999999999997	46.4	24.7	41.6	37.299999999999997	23.5	Usually	7.9
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(S7) Students are prepared for laboratory work by computer simulations.	(S6) Students are prepared for laboratory work by solving online pre-lab assignments.	(S5) Students are prepared for laboratory work by using audiovisual materials.	(S1) Students are prepared for laboratory work by reading a pre-lab manual.	(S4) Students are prepared for laboratory work by solving theoretical problems.	(S3) Students are prepared for laboratory work by completing pre-lab worksheets.	(S2) Students are prepared for laboratory work by pre-lab discussion.	7.9	7.2	12	15.2	18.7	15.7	25.2	Often	4.2
12.7
7.2
14.5
15.7

(S7) Students are prepared for laboratory work by computer simulations.	(S6) Students are prepared for laboratory work by solving online pre-lab assignments.	(S5) Students are prepared for laboratory work by using audiovisual materials.	(S1) Students are prepared for laboratory work by reading a pre-lab manual.	(S4) Students are prepared for laboratory work by solving theoretical problems.	(S3) Students are prepared for laboratory work by completing pre-lab worksheets.	(S2) Students are prepared for laboratory work by pre-lab discussion.	4.2	6	12.7	7.2	12	14.5	15.7	Very often	4.8
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