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Introduction 
 

Models in Inquiry-based Science Education 
 

 Inquiry-based teaching strategies are generally considered to be inductive in nature. They 

are characterised by being question- and learner-centred and use practical activities to provide data 

from which to develop concepts, while in the more traditional deductive instructional laboratories the 

role of these is to verify a concept previously presented (Bunce & Cole, 2007, p. 59). Piaget’s 

functioning model has been used as a rationale for inquiry-based instructional strategies (Lawson et 

al., 1989). According to this model, if there is an incompatibility between the assimilated information 

and the learner's existing mental structure, either the mental structure or the perception of the 

information must change (Piaget, 1963). One model of inquiry education influenced by Piaget's 

ABSTRACT 

The main objective of this four-year empirical research project has been to develop the 

experimental design skills of 12-16 year-old Hungarian pupils in Grades 7–10 of junior 

high school through guided inquiry, using six chemistry experiment worksheets each 

school year. Group 1 (control group) and Group 2 follow step-by-step instructions, but 

after the experiment, Group 2 also answers a series of questions about the design of the 

experiment. Group 3 is required to design the experiments, guided by the series of 

questions. The impact of the intervention on 603 pupils' experimental design skills and 

disciplinary content knowledge were measured by structured tests at the beginning of the 

project and at the end of three school years. By the end of the third year the intervention 

only had a small positive effect on the development of experimental design skills in 

Group 3 (Cohen's d: 0.16), while the development of disciplinary content knowledge was 

slightly negatively affected for both experimental groups (Cohen's d for group 2: -0.07; 

Cohen's d for group 3: -0.19). 
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functioning model is the learning cycle approach (Karplus & Thier, 1967), when the learner is exposed 

to the information, followed by activities that help to accommodate and then organise the information. 

Another model of inquiry that is consistent with the learning cycle approach is the Process Oriented 

Guided Inquiry learning (POGIL) that uses key scientific processes to develop scientific concepts 

(Farell et al., 1999), while pupils solve scientific problems in cooperative learning groups. Science 

Writing Heuristic (Burke et al., 2006) and the Argument Driven Inquiry (Walker et al., 2013) are other 

examples of models that emphasise asking scientific questions, designing appropriate procedures to 

test those questions, supporting conclusions with experimental evidence, and communicating ideas 

clearly (Reynders et al., 2019). 

As early as 1989, there was considerable evidence that inquiry-based laboratory activities had 

real educational advantages over more traditional approaches (Lawson et al., 1989). However, 

according to a 1997 survey in the United States, fewer than 10% of college chemistry laboratories used 

this approach (Abraham et al., 1997). Following the recommendations of the Rocard Report (Rocard et 

al., 2007), the European Commission's 6th and 7th Framework Programmes supported several 

international projects on inquiry-based methods to stimulate interest in science taught in schools. As a 

result of that, and the work of many other educational researchers and school science teachers around 

the world, resources for inquiry-based teaching and learning are freely available online (e.g. 

McLoughlin et al., 2015). Training programmes for science teachers in inquiry-based education have 

also been developed (e.g. Bolte et al., 2012). Successful implementation of teaching/learning materials 

developed by science teachers and piloted in classrooms with positive feedback from pupils have been 

reported (e.g. Dumitrescu et al., 2014), resulting in improved achievement, even for Grade 8 pupils 

(Savec & Devetak, 2013). 

There have been many other studies on the benefits of using inquiry-based learning. For 

example, the review of research on POGIL by Rodriguez et al. (2020) claimed that it is more effective 

in supporting learning than lecture-based approaches. More recently a successful adaptation of a 

guided inquiry laboratory experiment for undergraduate food chemistry students was reported by 

Rodríguez-Berrios and Rodríguez-Vargas (2025). Yet, according to Restucia et al. (2018) many science, 

technology, engineering, and mathematics (STEM) undergraduate students finish their studies with 

inadequate experimental design skills (EDS). This is despite the fact that curriculum based solely on 

recipe-like experiments does not provide learners with the opportunity to evaluate experimental 

techniques, design and plan experimental protocols (Domin, 1999; Fay et al., 2007).  

Matthews (2018) points out that learners can gain meaningful insights into the construction of 

scientific knowledge through processes of inquiry, reasoning and planning only if they are properly 

organised and reflected upon. Given the limited prior knowledge of pupils, the gradual development 

of EDS at school level is even more challenging than in university courses. Negative beliefs about 

science and practical work, difficulties in planning such activities, persuading pupils to reflect on their 

experiences and outcomes, and concerns about evaluating practical inquiry also hinder the use of 

these pedagogical strategies (Akuma & Callaghan, 2019). In addition, during practical work, cognitive 

overload of the pupil's working memory can easily occur (Johnstone & Wham, 1982). Therefore, it is 

worth focusing on identifying independent variables, measuring dependent variables, controlling for 

confounding variables and recognising the relationship between them, which is the essence of 

experimental design (Arnold et al., 2018; Arnold et al., 2021; Cannady et al., 2019; Pedaste et al., 2015). 

Lazonder and Harmsen's (2016) meta-analysis of studies on guided inquiry instructions concluded 

that more specific instruction promotes better quality learning outcomes.  

Therefore, pupils coming from a traditional learning style should be provided with adequate 

and appropriate scaffolding to successfully solve an inquiry-based task (Seery et al., 2019) to reduce 

cognitive load and student resistance, and increase their chances of successfully answering the 

question asked at the beginning of the guided inquiry task. One such tool is the Experimental Design 

Diagram developed by Julia Cothron and colleagues (2000), based on the ‘fair testing’ method (i.e. 

'how to vary one thing at a time' or 'holding other things/variables constant'). This consists of a series 

of questions to help students identify and control variables, formulate a hypothesis and design the 
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experiment. A prompt should also be chosen to arouse the learners' interest and curiosity (Cothron et 

al., 2000). The systematic use of this worksheet structure to do experiments is expected not only to 

help the learners carry out a specific experiment, but also to provide them with an opportunity to 

understand and generalise the process of designing experiments. In this way, puplis can acquire 

epistemic knowledge about scientific experimentation, which refers to how it generates knowledge 

and why this knowledge is justified (Lee et al., 2024). 

 

Objectives and Research Questions (RQ) of the Present Study 
 

The main objective of the present four-year empirical research project has been to develop the 

experimental design skills (EDS) of pupils in Grades 7-10 through guided inquiry. Experimental 

design activities are recommended in the National Curriculum of Hungary (2020) for the development 

of scientific literacy. However, the number of tried and tested teaching materials for the development 

of EDS is limited. Some of those had been prepared and used by the research team in previous studies 

(Szalay & Tóth, 2016; Szalay et al., 2020; Szalay et al., 2021). As with a previous longitudinal project, in 

the current longitudinal study, the researchers want to influence how a large sample of pupils 

perform experiments in schools during all four years of compulsory chemistry lessons. However, in 

contrast to that previous project, in the present project pupils in the experimental groups are given 

help in learning how to design experiments in the form of a series of questions similar to the 

Experimental Design Diagram developed by Julia Cothron and colleagues (2000). These questions 

focus on identifying independent variables, measuring dependent variables, identifying the 

relationship between them and controlling for confounding variables. Also of interest is whether the 

intervention has any impact on learners' disciplinary content knowledge (DCK). This type of 

instruction used had a significant positive effect on the EDS of the Grade 7 experimental group who 

were asked to answer these series of questions before they designed the steps of their experiments 

(Szalay et al., 2023), but not for the other experimental group, who performed the experiments in the 

same way as the control group, step-by-step following a recipe and then answered the series of 

questions. Although the trend changed in the second year, the intervention still resulted in a positive 

change in EDS for the experimental group that designed their own experiments according to the series 

of questions (Szalay et al., 2024). Therefore, in the third school year of the present project, the 

following research questions were posed in order to find answers to the long-term effects of the 

methods used. 

RQ1: Did the intervention result in a significant change in pupils' ability to design 

experiments (EDS) by the end of the third year of the present project in either of the experimental 

groups compared to the control group? 

RQ2: Did the pupils in the experimental groups score significantly differently on the 

disciplinary content knowledge (DCK) questions because of the intervention compared to the pupils 

in the control group by the end of the third year of the present project? 

RQ3: Was there a difference in the development of the EDS between pupils in the two 

experimental groups by the end of the third year of the present project? 

 

Methods 
 

Research Design and Participants 
 

The research model has a quasi-experimental design with a non-equivalent control 

group. Nine hundred thirty-one seventh-grade pupils completed a test (called Test 0, T0) in 

September 2021. They were enrolled in 38 classes in 25 Hungarian schools. After evaluating the 

results of Test 0, the classes were divided into Groups 1, 2 and 3, with no significant difference 

between the groups in terms of either the mean initial performance of the pupils on DCK and 

EDS tasks or the hypothesised parameters (school ranking, mothers' education, gender). The 
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pupils remain in the same group they were in at the start of the project for four years. 

Therefore, only pupils who stay in the same school from Grade 7 to Grade 10 (from age 12–13 

to age 16–17), were selected to participate in this project. Thus, the full four years of their 

compulsory chemistry studies can be influenced by the worksheets provided by the research 

group and their progress could be followed by the tests completed each year [Test 1 (T1), Test 

2 (T2) and Test 3 (T3) at the end of the first, second and third school year, respectively)]. If a 

pupil has missed a test for any reason, their results are no longer taken into account. Therefore, 

603 tests were evaluated at the end of the third school year. 

Group 1 is the control group, which follows step-by-step instructions to carry out the 

experiments, what Banchi and Bell (2008) called a ‘structured inquiry’. Groups 2 and 3 are the 

experimental groups. Group 2 follows the same step-by-step instructions as Group 1, but after 

completing the experiment they also answer a series of questions about the identification of the 

independent variable, the dependent variable and the constants on their worksheet. Their 

answers are discussed with their teachers. This teaching method can be seen as a simplified 

version of the approach used by Reynders et al. (2019), who assigned the relevant questions to 

the laboratory report during the discussion of the experimental procedure. The treatment of 

Group 3 can be called guided inquiry (Schoffstall & Gaddis, 2007), as the question to be 

investigated is given on their worksheet and learners have to design an experiment to find the 

answer. The set of questions (a ‘template’) on their worksheets can be considered as a 

shortened and simplified version of the Experiment Design Diagram based on the ‘fair testing’ 

method developed by Julia Cothron and colleagues (2000). Answering the series of questions 

concerning the identification of the independent variable, the dependent variable and the 

constants before the experiment helps these pupils to control variables, discuss the hypotheses 

and then define the steps of the experiment. The answers are discussed with Group 3 by their 

teachers before the experiments are carried out. The two experimental groups (Group 2 and 

Group 3) were treated differently to see if this set of questions really helps to develop learners' 

experiment design skills, which would be more effective: to use it after the step-by-step 

experiment (for Group 2) or to use it to plan the steps of the experiment before pupils carry out 

the experiment (for Group 3)? The research group prepared six worksheets for each school 

year, in three versions for Groups 1, 2 and 3.  Teachers chose the lessons in which they used 

the worksheets and tests provided by the research team. The research model of the quasi-

experimental design with a non-equivalent control group used in the third year of this project 

is summarised in Figure 1. (The set of questions to help develop experimental design skills is 

referred to as a ‘template’ for simplicity.) 
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Figure 1 

Research procedure applied in the third school year of the current project 

 
 

Thirty-four in-service chemistry teachers and five university chemistry lecturers were 

involved in the four-year project in September 2021. The participation of teachers was 

voluntary. Unfortunately, by the end of the third year, five of the teachers who worked with 

the participating pupils in the first year had stopped teaching or simply did not have enough 

time to participate in the research group anymore, so their pupils are no longer included in the 

sample. Three of the teachers who originally taught the participating pupils were replaced by 

other teachers for reasons beyond the control of the research team. 

The teachers were in direct contact with the research team leader by e-mail. They asked 

for advice when needed, despite the very detailed instructions given in the worksheets and 

teacher's guides. Teachers emailed feedback to the research team leader on the piloting of the 

worksheets and photos of their pupils doing the experiments. The photos are available on the 

research team’s website (MTA-ELTE Research Group, n.d.). Each school year, teachers were 

also asked to complete a questionnaire on the testing of the six worksheets from the previous 

school year (Vélemények az MTA-ELTE, n.d.). They were asked about their experiences with 

the piloting. Analysis of the questionnaire results showed that pupils in the experimental groups 

were typically able to answer the series of questions on experimental design with little or no help from 

their teachers. 

 

Ethical Considerations 
 

The research team had to develop its own ethical protocol to ensure informed consent 

and to protect the privacy and confidentiality of individuals (Lawrie et al., 2021), as no local 

procedure was available. The process was described in a paper on the results of the first year 

of this four-year project (Szalay et al., 2023). 
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Data Collection Tools 
 

Worksheets 
 

Each worksheet and accompanying teacher's guide describes chemistry experiments that take 

about 25-45 minutes. The topics of the worksheets were linked to the National Core Curriculum of 

Hungary (2020) and agreed with the participating teachers. Tables containing the topics and the 

corresponding experimental design tasks of the first two years' worksheets have already been 

published (Szalay et al., 2023; Szalay et al., 2024) and see Table A1.a – b in Appendix for those used in 

the third year. Three versions of the first 18 worksheets (for Groups 1, 2 and 3) prepared for the first 

three year of the project are available in English on the project website (MTA-ELTE Research Group, 

n.d.). The worksheets were used with pupils working in small teams. 

From the second year onwards, the teacher's guides for the Group 1 worksheets include a 

request for the teacher to draw pupils' attention to the importance of experiments in science. In the 

experimental groups worksheets it is emphasised that evidence in science is collected through well-

designed experiments and that understanding how to design an experiment can be useful in 

debunking pseudoscientific fraud. 

All worksheets include a context-based task with elements of systems thinking under the 

heading “Let's think!”, with the primary goal of maintaining interest (e.g., Chen & Xiao, 2021; del Mar 

López-Fernández et al., 2022; Klemeš, et al., 2021; MacDonald et al., 2022). These are identical across 

all three groups' worksheets. Although systems thinking and contextual pedagogy share common 

features, they also have important differences (York & Orgill, 2020). Systems thinking allows learners 

to see the system as more than the sum of its parts (Reid & Amanat Ali, 2020). Incorporating more 

aspects of systems thinking into chemistry education can have other clear benefits for pupil learning 

by developing more higher order thinking skills (Szozda et al, 2022). 

The first versions of each worksheet were prepared by the participating teachers and the 

leader of the research group and then read by the five university lecturer members of the research 

group, who are experts in the development of chemistry teaching materials for school pupils. The 

authors then improved the worksheets based on the experts' suggestions. This second version was 

proof-read by one of the experts and the leader of the research group and the final changes were 

agreed. The worksheets used in the third school year of this project can be downloaded from the 

research team’s website (MTA-ELTE Research Group, n.d.). 

 

Tests 
 

According to Vorholzer et al (2020), measuring pupils' ability to design experiments is critical 

in science teaching. Assessment of laboratory work should focus on developing higher-order 

competencies such as experimental design and understanding of epistemic practice. Since there is 

concern that the amount of DCK acquired during the learning process may be reduced by the time 

spent with the EDS tasks, the development of DCK should also be followed by tests. Therefore, both 

EDS, as part of the inquiry skills, and DCK had to be assessed (e.g. Cooper, 2013; Reed & Holme, 2014; 

Rodriguez & Towns, 2018; Underwood et al., 2018). In order to monitor the progress of the pupils' 

performance, each test in this project consisted of different test questions based on knowledge and 

skills that the learners had previously acquired by completing the worksheets provided by the reseach 

group. However, the questions of all four tests (Test 0, Test 1, Test 2 and Test 3) were structured in the 

same way and categorised according to the levels of the dimensions of cognitive processes according 

to the revised Bloom's taxonomy (Bloom et al., 1956; Krathwohl, 2002). Each test contained eighteen 

compulsory items, each worth 1 point. Nine items were used to assess EDS and the other nine for the 

DCK (three for recall, three for understanding and three for application). 

When designing the EDS tasks, different evaluation criteria (Sirum & Humburg, 2011), 

evaluation tools (Chen et al., 2019; Tseng et al., 2022) and the Science Olympiad (2020) experimental 

https://ttomc.elte.hu/publications/95
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design checklist were consulted for guidance. This led to the conclusion that experimental design 

tasks should require the identification of independent, dependent and controlled variables and the use 

of fair testing (Csíkos et al., 2016). The experimental design tasks should include the content 

knowledge needed to solve the tasks (Cannady et al., 2019). The tasks were placed in the context of 

everyday life, to capture the pupils' interest. The following experimental design task was used in Test 

3 to compare the development of pupils' EDS in the three groups. 

The ‘bath bomb’ is a ball made of citric acid, baking soda, starch and cocoa butter with a few drops of 

essential oil and colouring. It's fun to use, because it bubbles up fragrantly when added to the bath water. In 

water, the reaction of baking soda and citric acid produces carbon dioxide gas. Let's say you want to make lots of 

these bath bombs as gifts for your friends. According to a source on the Internet, 50 g of citric acid requires 100 g 

of baking soda. However, based on the reaction equation and the molar masses, 192 g of citric acid reacts with 

252 g of baking soda. You don't want to waste the materials (which cost money), so you decide to experiment 

by reacting small amounts of citric acid and baking soda to see which mass ratio produces more gas. 

(This can be compared, for example, to reacting the materials in bottles, with a balloon placed over the mouth of 

the bottle after adding water to the substances.) 

a) What would you change during the experiments? 

b) Which of the products of the chemical reaction that is important for bubbling depends on the change you 

cause? 

c) How could you test the amount of the reaction product named in (b)? 

d) How would you decide which mass ratio to use? 

e) Why is it always important to shake the contents of the bottles thoroughly? 

f) Put a + sign in front of the statement in the list below if you think it is true, and a - sign in front of 

the statement if you think it is not true. (You can write another sign after a clear cross-out if you change 

your mind.) 

 The same mass of citric acid should be used in each experiment. 

 The same mass of baking soda should be used in each experiment. 

 The same volume of bottle should be used in each experiment. 

The bottles used for each experiment should be made of the same material. 

 

Note: pupils may choose either baking soda or citric acid as the independent variable in 

their answer to question (a), but their answers in part (f) of the task must be consistent with 

their choice. 

Tests 0, 1, 2 and 3 were 40-minute paper-based tests each. The completed tests were 

coded by the teachers so that they knew the names and genders of the pupils, but the 

researchers only received anonymous data for statistical analysis. The pupil codes will  remain 

the same throughout the four years of the project.  Each pupil's code is entered in a row in an 

Excel spreadsheet, and the same row is used to show the scores they received for specific items 

in each test. The participating teachers corrected the tests and recorded the marks in the Excel 

spreadsheet as instructed, see individual instructions for Tests 0, 1, 2 and 3 on the research 

team's website (MTA-ELTE Research Group, n.d.). 

 

Validity 
 

The five university lecturers (as members of the research team) and the experienced 

chemistry teacher, who reviewed all the teachers' corrections and made changes where 

necessary, formed a panel of experts. They provided the evidence of content validity, as they 

were able to judge whether the items adequately sampled the domain of interest (Crocker & 

Algina, 2006). This measure worked against construct underrepresentation, which is a major 

threat to construct validity (Wren & Barbera, 2013). In order to avoid construct-irrelevant 
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variance, the tasks in each test could be solved after the pupils had completed the tasks on the 

previously provided worksheets. Table 1 shows how each task in Test 3 can be matched to the 

corresponding content of each worksheet. 

The tasks in each test should differ from previous tests for two reasons. Firstly, the 

measurement of transferable EDS, especially far transfer, which is needed when learners have 

to use these skills in a completely different context. The other reason is to avoid repetitive 

testing effects (Cannady et al, 2019; Schafer et al, 2023). The chances of successfully solving a 

task would have been higher if it had been applied a second time, because it could have caused 

construct-irrelevant easiness. 

 

Table 1 

Matching the content of the tasks of test 3 and the topic(s) of the worksheets for the third year 

No. of task in Test 3 No. and title of worksheet and topic 

1. a Worksheet 17: Sour as vinegar (acid base reactions) 

1. b Worksheet 15: The superglue and others (rates of chemical reactions)  

2. a-f Worksheet 17: Sour as vinegar (acid base reactions) 

3. Worksheet 16: Geyser in a bottle – the Mentos-Cola story (chemical 

equilibrium) 

4.a-b Worksheet 18: Hydrogen peroxide as a ‘miracle cure’? (redox reactions) 

5.  Worksheet 14: Can you walk on water? (intermolecular forces) 

6. Worksheet 18: Hydrogen peroxide as a ‘miracle cure’? (redox reactions) 

7. Worksheet 13: Exploding colours (excitation energy and flame tests) 

 

The following item evaluation and review process was carried out for all the tasks in 

each test. The first version of the test and its marking instructions were prepared by the 

research team leader. Then, the same university lecturers of the research team who had 

checked the content of the worksheets checked the test tasks and the marking instructions. 

Modifications were made on the basis of their suggestions. Expert feedback on item content, 

wording, and consensus of the correct answer are all sources for evidence of expert response 

process validity and against construct-irrelevant variance (Wren & Barbera, 2013). 

Each of the tests was piloted with two different groups of pupils who were of a similar age to 

the sample but who did not participate in the research. Test 3 was piloted in two classes (total 

N=60) with pupils aged 14-15. The chemistry teachers who organised the pilot test and 

corrected each pilot test suggested improvements to the wording of the tasks and the 

correction instructions based on their experience. The tests and their marking instructions 

were further improved based on the results of the pilot before they were completed by the 

pupils in the sample. Participating teachers had not seen any of the tests to be taken at the end 

of the school year before trying out all six of the worksheets. This was to ensure that the test 

items did not even subconsciously influence teachers' teaching behaviour, as this could have 

affected pupils' responses to the test questions. The test scores of Groups 2 and 3 were 

compared with those of Group 1 (control group) to exclude the risk of maturation (Shadish et 

al., 2002) 

Similarly to the procedure used by Goodey and Talgar (2016), the research team tried 

to standardise the marking in order to ensure that the marking key is applied in the same way 

for all the same types of corrected test. An experienced chemistry teacher reviewed all the 

teachers' corrections and suggested changes to the marking instructions. After discussions 

within the research group, changes were made. On the basis of these, some scores given by the 

teachers were modified to apply a uniform evaluation process, free from individual teacher’s 

decisions. The scoring process is consistent with the recommendation that full consensus 

should be reached through negotiated agreement (Watts & Finkenstaedt-Quinn, 2021). 
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Data Analysis 
 

Data Collection 
 

The number of pupils (N) completing all four tests (Test 0, Test 1, Test 2 and Test 3) in 

each group is as follows: Group 1: 163; Group 2: 224; Group 3: 216, altogether 603 (298 boys 

and 305 girls). 

The following data were collected and analysed: 

 Total scores for Test 0, Test 1, Test 2 and Test 3. 

 Scores for EDS tasks for Test 0, Test 1, Test 2 and Test 3. 

 Scores for DCK tasks for Test 0, Test 1, Test 2 and Test 3. 

 Gender. 

 School ranking. The pupil’s school ranking amongst Hungarian secondary schools, 

according to the website (Legjobbiskola, n.d.) The ranking is based on the results of the 

school-leaving examinations and competency tests published by the national Education 

Office. The participating schools were grouped into high, medium and low-ranking 

categories and a categorical variable was used according to these three levels.  

 Mother’s education. Two categories were created according to whether or not the 

pupil's mother (or guardian) had a degree in higher education. This categorical 

variable was intended to characterise the socio-economic status of the pupil. (The 

mother's education was chosen because most children spend much more time with 

their mother than their father in the first few years of their lives. Furthermore, in the 

event of a divorce, children tend to live with their mother in this country.) 

 

Statistical Methods 
 

Chi-square tests were used to check that there were no statistically significant 

differences between the three groups in terms of either prior knowledge measured by Test 0 or 

hypothesized parameters (school ranking, mother's education, gender). Cronbach’s alpha 

values for the four tests were acceptable: 0.740 for Test 0, 0.678 for Test 1, 0.689 for Test 2 and 

0.743 for Test 3. 

Statistical analysis of the data was performed using SPSS Statistics software. ANOVA and 

ANCOVA were performed, as ANCOVA can be used to adjust for the initial difference and 

reflect the effect on the dependent variable (Howell, 2012). The raw mean scores (before 

ANCOVA analysis) and their standard deviation (SD) of the three groups were calculated for 

all four tests (Test 0, Test 1, Test 2 and Test 3) in the whole test (‘TOTAL’), the DCK tasks and 

the EDS tasks.  

The effect of the intervention on the development of the experimental groups (Groups 2 

and 3) was measured by the Cohen’s d effect size (Cohen, 1988). These values were calculated 

by taking the means and standard deviations of the four differences between the four test 

scores (T1 - T0, T2 - T1, T3 - T2 and T3 - T0). It was assumed that, in addition to the three types 

of instruction methods used in the intervention for the three groups, other parameters (school 

ranking, mother's education, gender) and a covariate (prior knowledge, i.e., scores on the Test 

0) also influenced the results. In the ANCOVA analysis, the effect sizes of these parameters 

and the covariate were characterized by the calculated Partial Eta Squared (PES) values. The 

significance value of p<0.05 was used to test for differences between groups. For multiple 

comparisons, a Bonferroni correction was applied and a significance value of p<0.013 was used 

when comparing the results of four tests. 
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Results 
 

According to the chi-squared test, there is no significant difference in the composition of the 

groups with respect to mother’s education [Χ2 (2, N = 603) = 2.234, p = 0.327)] and gender [Χ2 (2, N = 

603) = 1.216, p = 0.545)]. However, there is a significant difference in the composition of the groups 

with respect to school ranking [Χ2 (4, N = 603) =39.74, p = 0.000)], since the difference is significant 

between Group 1 and Group 2 [Χ2 (2, N = 387) =17.45, p = 0.000)], Group 1 and Group 3 [Χ2 (2, N = 466) 

=25.41, p = 0.000)] and Group 2 and Group 3  [Χ2 (2, N = 445) =9.11, p = 0.011)]. The number of pupils in 

low, medium and high-ranking schools in each group is shown in Table A2. ANCOVA analysis was 

used to address this problem. 

 

Answers to the Research Questions 
 

Tables A3–A6 show the raw mean scores, prior to ANCOVA analysis, and their 

standard deviations (SD) for the three groups for the T0 – T3 tests for the whole test (‘TOTAL’), 

the DCK tasks, the EDS tasks and the results of the ANOVA analysis. It revealed no significant 

difference between groups in the performance of either T0TOTAL or T0DCK or T0EDS. Group 3's 

performance at the end of the first year of the project (Grade 7) exceeded that of the other two 

groups on the T1TOTAL and T1EDS tasks, while Group 2 performed significantly worse in T1DCK 

than the control group (Group 1) and the other experimental group (Group 3). No significant 

difference was found between the three groups in the sample between the T2 test (T2TOTAL) and 

its subtests (T2DCK and T2EDS). Group 3 again outperformed the other two groups at the end of 

the third year of the project (Grade 9) in the EDS tasks (T3EDS). There was no significant 

difference found in T3TOTAL and T3DCK among the three groups in the end of the third school 

year. 

For further analysis, the dependent variables were the differences between test scores. 

Based on the means and standard deviations of the differences between the four test scores (T1 

– T0; T2 – T1, T3 – T2 and T3 – T0), Cohen's d effect size values were calculated that are 

presented in Figure 2 for the whole test (‘TOTAL’), in Figure 3 for the DCK tasks and in Figure 

4 for the EDS tasks. 

These results also show that Group 3 made better progress in the EDS tasks than the 

control group in the first and third years of the project, while Group 2 made less progress in 

the EDS tasks than the control group during these years. The second year shows a reverse 

trend in this respect. However, taking the full three-year period into account, Group 3's 

Cohen's d effect size in the EDS is positive, while that of Group 2’s is negative. In the DCK 

tasks, Group 2 performed worse than the control group in the first year and better in the 

second year. Group 3 made less progress in the DCK tasks than Group 1 in the third year. 

Over the entire three-year period, both experimental groups had a negative Cohen's d effect 

size in DCK compared to the control group. 
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Figure 2 

The Cohen’s d effect size values calculated from the means and standard deviations of the differences between the 

test scores (T1 – T0; T2 – T1, T3 – T2 and T3 – T0) for the whole test (N=603) 

 

 

 

Figure 3 

The Cohen’s d effect size values calculated from the means and standard deviations of the differences between the 

test scores (T1 – T0; T2 – T1, T3 – T2 and T3 – T0) for the DCK tasks (N=603) 

 

 

Since it was assumed that pupils' test scores were influenced by parameters other than 

the intervention, an ANCOVA analysis was conducted with test scores as the dependent 

variable. Group (the type of instruction methods), school ranking, mother's education and 

gender were the parameters. The covariate was prior knowledge (T0 test scores). This was also 

necessary because, once the sample was reduced by the number of pupils who missed any of 
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the tests, the composition of the groups showed a significant difference in terms of school 

ranking. The Partial Eta Squared (PES) values for each parameter and the covariate effect sizes 

are shown in Table 2–4. 

 

Figure 4 

The Cohen’s d effect size values calculated from the means and standard deviations of the differences between the 

test scores (T1 – T0; T2 – T1, T3 – T2 and T3 – T0) for the EDS tasks (N=603) 

 

 

Table 2 

The effects of the assumed parameters and the covariate (Prior knowledge, T0TOTAL) on the changes for 

the whole test (‘TOTAL’) in the beginning of the project (T0) and in the end of Grade 7 (T1), Grade 8 

(T2), Grade 9 (T3) (N=603) 

Parameter 

(Source) 

PES (Partial Eta Squared) 

T0TOTAL T1TOTAL T2TOTAL T3TOTAL 

Group 0.002 0.059* 0.004 0.002 

School ranking 0.083* 0.052* 0.012 0.022* 

Mother’s education 0.008 0.002 0.000 0.000 

Gender 0.003 0.004 0.000 0.001 

Prior knowledge (T0TOTAL) - 0.132* 0.123* 0.089* 
Note: * Significant at p < 0.013 level (Bonferroni correction) 

 

Initially, as published earlier (Szalay et al., 2023), it was mainly the school ranking and, 

to a lesser extent, in the DCK tasks, the mother's education that had a significant effect on the 

scores. In the first year (in the Test 1), significant effect sizes (PES) were found for three 

parameters after the intervention for changes in the whole test and DCK tasks: type of 

intervention (‘Group’), school ranking and prior knowledge. Of these, prior knowledge had 

the largest effect size in the whole test and school ranking in the DCK tasks. In the first year, 

only the type of intervention and prior knowledge seemed to have a significant effect on 

performance in the EDS tasks. Based on the results of the present analyses, it appears that at 

the end of the second school year (in the Test 2), only prior knowledge had a significant effect 
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on changes in the whole test and both subtests, but school ranking also had a significant effect 

size in the EDS tasks. School ranking and prior knowledge influenced pupils' performance in 

the whole test and in both subtests in the third year of the study. However, the intervention 

also had a (barely) significant effect size in the EDS tasks. 

 

Table 3 

The effects of the assumed parameters and the covariate (Prior knowledge, T0DCK) on the changes for the DCK 

tasks in the beginning of the project (T0) and in the end of Grade 7 (T1), Grade 8 (T2), Grade 9 (T3) (N=603) 

Parameter 

(Source) 

PES (Partial Eta Squared) 

T0DCK T1DCK T2DCK T3DCK 

Group 0.000 0.035* 0.002 0.012 

School ranking 0.022* 0.109* 0.002 0.034* 

Mother’s education 0.019* 0.000 0.002 0.000 

Gender 0.007 0.002 0.001 0.002 

Prior knowledge (T0DCK) - 0.044* 0.050* 0.016* 
Note: * Significant at p < 0.013 level (Bonferroni correction) 

 

Table 4 

The effects of the assumed parameters and the covariate (Prior knowledge, T0  EDS) on the changes for the EDS 

tasks in the beginning of the project (T0) and in the end of Grade 7 (T1), Grade 8 (T2), Grade 9 (T3) (N=603) 

Parameter 

(Source) 

PES (Partial Eta Squared) 

T0EDS T1EDS T2EDS T3EDS 

Group 0.003 0.050* 0.003 0.014(*) 

School ranking 0.090* 0.012 0.056* 0.014(*) 

Mother’s education 0.000 0.005 0.007 0.001 

Gender 0.000 0.004 0.000 0.004 

Prior knowledge (T0EDS) - 0.076* 0.064* 0.066* 
Note: * Significant at p < 0.013 level (Bonferroni correction) 

 

The effect of the assumed parameters on the scores (absolute mean scores) estimated by 

the ANCOVA analysis model for the four tests for the whole test, the DCK tasks and the EDS 

tasks, as well as the significance of the differences, are presented in Tables A7–A9 in the 

Appendix. These data show that Group 3 performed better in the EDS task than the other two 

groups at the end of each school year, although the difference was not significant in the second 

year (Test 2). Among the other parameters, only in terms of the pupil's school ranking (low, 

medium, high) were there significant differences in EDS scores at the end of each year. In the 

DCK tasks, Group 2 in the first year and Group 3 in the third year scored significantly lower 

than the other two groups. The school ranking also caused significant differences in DCK 

scores, except at the end of the second year. Gender does not appear to have had much of an 

influence on EDS scores. The difference caused by the higher education degree of the pupil's 

mother was significant for EDS scores only in the second year. 

Tables 5–7 show the relative estimated mean scores (the ratio of the estimated mean 

scores of the experimental groups compared to the control group) for the whole test and the 

subtests at the beginning of the project (Grade 7, T0) and at the end of each school year (Grade 

7, T1; Grade 8, T2; Grade 9, T3). 

The ratios in Table 5 suggest that the intervention did not have much impact. However, 

subtest data in Tables 6 and 7 show that this is due to the combined effects in the DCK and 

EDS tasks. Table 6 shows that in the DCK tasks, Group 2 scored lower than the control group 
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at the end of the first year and Group 3 at the end of the third year. According to these data, 

the performance of Group 3 in the EDS tasks was higher than that of the control group at the 

end of each year, but the effect of the intervention appears to have been strongest in the first 

year and weakest in the second year. 

 

Table 5 

The estimated mean scores of the experimental groups divided by the estimated mean scores of the control group 

for the whole test (‘TOTAL’) in the four tests (N=603) 

Ratio T0TOTAL T1TOTAL T2TOTAL T3TOTAL 

Group 2 / Group 1 1.02 0.90 0.99 0.96 

Group 3 / Group 1 0.99 1.09 1.04 1.00 

 

Table 6 

The estimated mean scores of the experimental groups divided by the estimated mean scores of the control group 

for the DCK tasks in the four tests (N=603) 

Ratio T0DCK T1DCK T2DCK T3DCK 

Group 2 / Group 1 1.01 0.85 0.96 0.95 

Group 3 / Group 1 1.01 0.99 1.02 0.86 

 

Table 7 

The estimated mean scores of the experimental groups divided by the estimated mean scores of the control group 

for the EDS tasks in the four tests (N=603) 

Ratio T0EDS T1EDS T2EDS T3EDS 

Group 2 / Group 1 1.03 0.97 1.02 0.97 

Group 3 / Group 1 0.97 1.19 1.04 1.10 

 

Discussion 
 

Based on the data presented, at the end of the third year of the project, it appears that of the 

two methods used to treat the experimental groups, the one applied to Group 3 has a small positive 

effect on the development of experimental design skills. Group 3 seems to have benefited from 

answering the series of questions before carrying out the experiments, which helped them to learn to 

design the experiments when they were 12–13-year-old. This may be the reason why this method had 

a significant positive impact on the development of EDS in the first year. However, the effect size of 

the changes in the EDS has decreased by the end of the three-year period. Group 2, on the other hand, 

only answer the questions on designing experiments after they have carried out the experiments step-

by-step, following the recipe in their worksheet. This method does not seem to have produced any 

positive long-term results in terms of changes in EDS. The reasons are not known, but those pupils 

might have found this activity less interesting and important after the experiments than Group 3 did 

before the experiments. The treatment of Group 3 is similar to the ‘critical thinking’ pre-laboratory 

group, while the treatment of Group 2 resembles the ‘paved road’ pre-laboratory group described by 

van Brederode et al. (2020). The current results show that the intervention applied to Group 3 

produced the slightly better results, similarly to the ‘critical thinking’ group in the above-mentioned 

study. These results are also in line with a study by Tseng et al. (2022), where evaluative reflection on 
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peers' experimental designs improved pupils' science inquiry performance in designing experimental 

procedures more than recognising variables in the design of experimental procedures.  

The present findings for Group 3 also support the need to provide learners from traditional 

learning styles with appropriate and adequate scaffolds to successfully complete an inquiry-based 

learning task (Seery et al., 2019). Scaffolding refers to the steps taken to reduce the degree of freedom 

in performing a task so that the learner can concentrate on the difficult skill to be learned (Bruner, 

1978). The series of questions for identifying and controlling variables and constructing hypotheses 

play this role in the present research. Learners begin to think logically about abstract concepts and test 

hypotheses systematically at the Piagetian formal operational stage, which is expected from the age of 

12 (Piaget, 1963). It is therefore understandable that seventh grade pupils can benefit from this 

intervention.  However, the success of open-ended problem solving depends, among other things, on 

specific knowledge and understanding stored in long-term memory, so this type of problem solving is 

context-dependent (Reid & Amanat Ali, 2020, p. 471). Since each test contains different EDS tasks in 

different contexts, these measure whether far transfer has been achieved. This may be the reason why 

the effect sizes were found to be very limited in long term and not even significant in the second year. 

Nor did Cacciatore and Sevian (2009) find significant differences between groups in their performance 

in tasks not directly related to the content of the experiment. 

However, it is difficult to understand what happened in the second year, when Group 2 

developed better than Group 3. One possible reason might be that seeing the results of Test 1, which 

showed that the other two groups performed better, some teachers in Group 2 may have encouraged 

their pupils to work harder in the second year and/or to put more effort into Test 2 at the end of the 

second year. The opposite effect may have affected the performance of Group 3 in Test 2, who 

performed well in Test 1. However, these possible explanations are not supported by any evidence. 

The DCK tasks included in the tests were intended to measure whether answering a set of questions 

aimed at developing EDS influences pupils' disciplinary content knowledge. This was investigated to 

see if the concern that the time needed to develop the EDS would reduce the time spent on learning 

content, which could reduce DCK, is justified. The decrease in the achievement of DCK tasks in Group 

2 in the first year and in Group 3 in the third year indicates that this could not be ruled out. 

The ANCOVA analysis showed that, in addition to prior knowledge, school ranking was the 

parameter that most often influenced pupils' test scores.  It is reasonable to assume that in higher 

ranking schools, pupils' abstract thinking may develop faster in more challenging environments. On 

the other hand, these pupils are also likely to be more strongly encouraged by their teachers and 

parents to achieve higher levels of performance. Snook et al. (2009), in their commentary on Hattie's 

(2008) book, argued that in addition to social variables, ‘school effects’ are also important, and that of 

these, the teacher is considered the most important variable. Teachers from different schools work in 

different contexts, following different local curricula, which comply with the National Core 

Curriculum, but also have their own characteristics according to the institutions’ own pedagogical 

programme. Siegler and colleagues (2010) also argued that school is the microsystem that, alongside 

the family environment, has the strongest influence on youngsters’ development. 

The ANCOVA model calculations show that the mother's educational background had only 

rare and weak significant effects on the development of pupils' knowledge and skills in experimental 

design in this study. This seems to contradict the OECD report (2005), which finds that the most 

significant source of variation in pupils’ learning is due to differences in the skills and attitudes pupils 

bring to school. The Education and Training Monitor (2020) report also shows that socio-economic 

background is a strong predictor of pupil achievement. However, the virtual contradiction with the 

results of the present study can be explained by the fact that the present sample is not representative 

of the cohort, as these pupils went through a very tough selection process when they took entrance 

exams to their current school. 

Gender does not appear to have had much effect on test scores in the present research. This 

means that they are closer to the results published by authors who found no significant difference in 

pupils' acquisition of science process skills (SPS) with respect to gender (e.g. Walters & Soyibo, 2001) 
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and under the circumstances of the present study do not support the finding reported by Tosun (2019) 

that gender is one of the most important predictors of SPS levels. 

 

Conclusion 
 

Summary of the Results and Answers to the Research Questions 
 

Statistical analysis of the results of the four tests completed by the current sample of 

pupils showed that, in addition to the intervention, the prior knowledge and the school 

ranking had the biggest influence on scores in tasks measuring EDS. The intervention 

appeared to have more effect on performance in the first year, school ranking in the second 

year, and both had some effect in the third year. Prior knowledge seemed to have a bigger 

effect than the intervention at the end of each year. Prior knowledge and school ranking also 

had a significant effect on the DCK measured by end-of-school-year tests, except for school 

ranking in the second year. 

The answers to the research questions are as follows. 

RQ1: By the end of the first three years of the present project, the intervention resulted 

only in a very small significant positive change in the experimental design skills (EDS) of 

Group 3 compared to the control group (Group 1), as measured by the tests (Cohen's d: 0.16). 

Taking the mean scores of the EDS tasks estimated by the ANCOVA model, Group 3 seemed 

to have improved more than the other two groups by the end of each year, but the difference 

was only significant at the end of the first and third years. It can be assumed that the small 

positive change is still due to the fact that Group 3's worksheets contained questions 

supporting the experimental design. The change in Group 2's performance in the EDS tasks by 

the end of the third year was negative compared to that of the control group (Cohen's d: -0.13), 

although they appear to have made more progress in this respect than the other two groups in 

the second year of the project. 

RQ2: By the end of the third year of the present project, both experimental groups had 

a negative change in disciplinary content knowledge (DCK) compared to that of the control 

group (Cohen's d for Group 2: -0.07 and Group 3: -0.19, respectively). Group 2 had a negative 

effect size in the first year (Cohen's d: -0.29) and Group 3 in the third year (Cohen's d: -0.21). 

Group 3 improved more than Group 2 in this respect in the first year (Cohen's d: 0.30), but less 

so in the second (Cohen's d: -0.16) and third years (Cohen's d: -0.22). Taking into account the 

three years, Group 3's performance is less good than that of Group 2 (Cohen d: -0.12) in DCK 

tasks. 

RQ3: In terms of changes in scores in the EDS tasks, of the two experimental groups, 

Group 3 improved more than Group 2 in the first year (Cohen's d: 0.45) and in the third year 

(Cohen's d: 0.19), but less than Group 2 in the second year (Cohen's d: -0.40). Over the three 

years, Group 3 has a positive effect size in this respect compared to Group 2 (Cohen d: 0.28).  

The intervention does not seem to have a strong positive effect, even in terms of EDS and even 

for the better performing Group 3. However, these tasks are designed to measure far transfer, 

as pupils will need to use their EDS in different contexts in their everyday lives. These 

problem-solving skills are context-dependent (Reid & Amanat Ali, 2020, p. 471) and not easy to 

measure. Prior knowledge and ‘school effects’, which are considered in the literature (e.g. 

Snook et al., 2009) as variables that influence performance, also had a significant impact on the 

results. Furthermore, test scores are also influenced by pupils' motivation to succeed in the test 

and their test-taking skills (Cannady et al., 2019). 

Statistical analysis of the test results showed that from the beginning of the project to 

the end of the third year, Group 3 showed significantly, but only slightly better performance in 

EDS than the control group. The positive impact was strongest in the first year. It can therefore 

be assumed that significantly more pupils in Group 3 understood how to correctly perform a 
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fair test than in Group 1 in the first year of the present project. No significant positive 

difference in the development of EDS was found between the experimental groups and control 

group in the first year of the previous longitudinal study, when no such scaffold was used, and 

at the end of its third year (Szalay et al., 2021). This difference was probably caused by the 

series of questions used in the present project, which helped pupils to develop their EDS. This 

is consistent with Baird's (1990) view that purposeful inquiry is not spontaneous, it must be 

learned. Reducing cognitive load can help in this process. Therefore, the use of a series of 

questions, a simplified version of the Experiment Design Diagram described by Cothron and 

colleagues (2000), still seems to positively influence the development of the EDS. A recently 

published meta-analysis by Arifin et al. (2025) also found that guided inquiry (N=24) had a 

statistically significant positive effect on critical thinking, and that the educational levels with 

the largest effects included lower secondary and upper secondary schools.  

The decrease in DCK task performance in Group 2 in the first year and in Group 3 in the third 

year shows that the time spent developing the EDS might in some cases negatively affect the amount 

of disciplinary content learned. This may discourage some teachers from using the worksheets 

developed in this project. Especially in Hungary and in the present situation, where the National Core 

Curriculum requires the practice of experimental design, but EDS is not measured in the chemistry 

final exam, which serves as a written university entrance exam. Therefore, when training pre-service 

and in-service teacher students, the benefits of developing experiment design skills should be 

emphasised and different methods for doing so should be introduced. 

 

Limitations 
 

Pupils must remain in the same school for the four years of the project. Therefore, only 

schools that teach chemistry as a separate subject from Grade 7 to Grade 10 can participate in 

the research. Pupils of these schools must pass an entrance exam at the age of 12 and only the 

best pupils are admitted. This implies that the sample is not representative of this cohort, but  

highly selective. This is unfortunate, but there is no other way to conduct such a longitudinal 

study of chemistry teaching in this country. 

The sample size for this research decreased each year, as the results of pupils whose 

class no longer participates in the project or who just miss any of the tests are not counted. 

Changes in the composition of the sample have caused significant differences in the 

composition of the groups in terms of school ranking. In theory, ANCOVA can handle this, but 

in statistical analyses there is always a chance that changes that appear significant are not in 

reality. The high attrition rate and non-representative sample (selective, exam-admitting 

schools) severely limit external validity. 

Performance in tests is determined at least in part by pupils' motivation to succeed in 

the test and their test-taking skills (Cannady et al., 2019). Several studies have shown that for 

many school pupils, the motivation to learn chemistry is primarily to get good grades (Salta & 

Koulougliotis, 2015; Schumm & Bogner, 2016; Ardura & Pe ́rez-Bitria ́n, 2018; Komperda et al., 

2020; de Souza et al., 2022; Zhang & Zhou, 2023). It is also known that pupils' motivation to 

learn science often declines as they are getting older (Schunk et al, 2014; Vedder-Weiss & 

Fortus, 2011; Vedder-Weiss & Fortus, 2013). Therefore, lack of motivation is a particular 

problem when it comes to measuring changes in pupil performance in such a longitudinal 

research study, and for methodological reasons it is not possible to reward pupil performance 

with marks. Although the context-based and systems thinking tasks on the worksheets (see 

Table 1), as well as the context of the EDS tasks, hopefully attracted the interest of many 

pupils, it is likely that not everyone was equally committed to performing to the best of their 

ability in the tests. 

There is no research that can investigate all the variables and theoretical relationships that underpin 

an instructional model (Mack et al., 2019). In addition, 40-minute paper-based tests do not provide a 



Szalay, Tóth, Borbás, & Füzesi, 2025 

601 

  

complete picture of the impact of the intervention on pupils' knowledge and skill development. 

Reading comprehension is also important for science achievement (Neri et al., 2021), but its influence 

was not investigated in the present study. 

The findings may be also influenced by a number of random events. Although the 

relatively large sample size should compensate for these in a statistical sense, we can never be 

absolutely certain (Lawrie, 2021). 

 

Recommendations 
 

The use of Group 3 worksheets and similar experimental design exercises, which guide 

students through the experimental design process using a series of questions, can be 

recommended to practising teachers as one possible way to develop EDS. However, teachers 

need to be aware that the use of these worksheets might reduce the amount of disciplinary 

content knowledge acquired. 
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Appendix 

 
Table A1.a 

Topics and context of the worksheets no. 13-15 and teacher guides used in the school year 2023/2024. 

No. Topic Experiments that Group 1 and Group 2 

pupils had to do following step-by-step 

instructions, but Group 3 pupils had to 

design before doing the experiment 

Context and elements of systems 

thinking in the “Let’s think!” parts for 

motivation purposes. These are the 

same on the pupil worksheets of all the 

three groups. 

13. Excitation 

energy and 

flame tests 

Pupils carry out flame tests. They are given 

a table showing the wavelength ranges of 

the colours. They are also explained that 

the energy of a photon is inversely 

proportional to its wavelength. Group 3 

pupils have to design experiments to find 

out whether the excitation energy of the 

metal atoms of two unknown metal salts 

they find on their tray is lower or higher 

than the excitation energy of the sodium of 

the table salt (sodium chloride). 

Although fireworks are an eye-catching 

sight, they have many side effects. 

When they explode, they emit air 

pollutants and a sudden burst of sound 

and light, which can scare animals, and 

they can cause injuries. Pupils have to 

group particles, labelled with their 

chemical symbols and formulae, 

according to their role in the use of 

fireworks (combustible substances, 

combustion promoters, substances 

responsible for the colour effect, air 

polluting combustion products). 

14. Inter-

molecular 

forces 

Pupils are explained that the stronger the 

interaction between the particles of a 

liquid, the harder it is to separate them, so 

the harder it is to increase the surface area, 

and so the larger are the droplets of the 

liquid. Surfactants (such as dishwashing 

detergents) reduce surface tension because 

they make it easier to increase the surface 

area of the liquid, e.g. because the polar 

part of their particles is in the water and 

the apolar part is in the air. Pupils should 

compare the surface tension of pure water 

and water containing detergent.  

To do this, Group 3 pupils need to work 

out how to measure the volume of a single 

drop of two liquids. 

The pond skater ("Jesus bug") can walk 

on water because the interactions that 

hold water molecules together are 

strong enough to keep the pond skater 

on the surface. However, the pond 

skater cannot run on the surface of the 

surfactant-contaminated water. Pupils 

should identify sources of natural and 

artificial surfactants that can pollute 

water. They should also identify the 

different types of direct environmental 

damage caused by the presence of 

surfactants and the resulting foaming. 

15. Rates of 

chemical 

reactions 

Pupils are explained that we should always 

control the rate of chemical reactions 

according to our particular needs. They are 

then given materials and equipment to 

measure the rate of reaction between 

sodium thiosulphate solution and 

hydrochloric acid of different 

concentrations at different temperatures. 

Group 3 pupils have to design experiments 

to slow down the reaction and then to 

accelerate it. 

The pupils have to imagine that their 

friend fell while cycling and they used 

Betadine containing iodine to disinfect 

a nasty bruise on his skin. But some of 

the brown Betadine spilled onto their 

friend's favourite light-coloured shorts. 

Iodine is not soluble in water, but 

according to the internet, "the Betadine 

solution ... can be removed with a solution 

of sodium thiosulphate", which is 

available from the chemist's. The pupils 

have to decide whether the sodium 

thiosulphate solution should be dilute 

or concentrated and whether it should 

be cold or hot to get the fastest result. 

  



Journal of Turkish Science Education 

608 

 

Table A1.b 

Topics and context of the worksheets no. 16-18 and teacher guides used in the school year 2023/2024. 

16. Chemical 

equilibrium 

Using a model experiment, pupils have 

to decide if it is true that a combination of 

Diet Coke and Mentos candy caused the 

death of a boy. They are explained that 

carbon dioxide gas is added to the 

solution during the production of 

carbonated soft drinks. In a closed bottle, 

carbon dioxide is involved in the physical 

and chemical processes that lead to the 

equilibrium between gas and liquid. 

Group 3 pupils have to design the model 

experiment. 

In beer and champagne, carbon dioxide 

is produced as a by-product of 

fermentation. Sometimes the beer 

behaves like a geyser, but in extreme 

bad cases the beer bottle can explode. 

The pupils have to explain by circling 

the appropriate arrows on a diagram 

how a change in temperature affects the 

solubility of carbon dioxide, i.e. the 

amount of gaseous carbon dioxide in 

the bottle and therefore the pressure in 

the bottle. 

17. Acid base 

reactions 

Pupils have to measure which bottles 

contain 10% and 20% vinegar. They can 

use red cabbage juice as an acid-base 

indicator. They are also given a solution 

of drain cleaner with sodium hydroxide 

as the main ingredient. Group 3 pupils 

have to design an experiment to find out 

which glass contains the more dilute and 

which the more concentrated vinegar 

solution. 

If a corrosive chemical (e.g. descaler, 

rust remover, drain cleaner) gets on the 

skin, it should be washed off 

immediately with plenty of water. In 

the case of acid burns, a weak and 

dilute base solution can be used to 

neutralise, but not concentrated and 

strong alkaline solutions, which would 

also be corrosive. In the case of an 

injury caused by an alkali, a weak and 

dilute acid solution should obviously 

be used. The pupils have to choose 

which neutralising solution to use for 

the different types of injuries. 

18.  Redox 

reactions 

Starting with the fake news about 

hydrogen peroxide, which claims that it 

can cure almost any disease, even cancer, 

pupils are told that hydrogen peroxide is 

only an external disinfectant and should 

not be ingested. It is then used as an 

oxidising or reducing agent in 

experiments (reacting with sodium 

hypochlorite and potassium iodide). 

Group 3 pupils are asked to design an 

experiment, using matches and a wooden 

splint, to find out whether the hydrogen 

peroxide solution acts as an oxidising or 

reducing agent in the experiments. (They 

should recognise a pattern that if 

hydrogen peroxide is a reducing agent, it 

is oxidised to elemental oxygen, which 

ignites the glowing splint.) 

Like hydrogen peroxide, hypochlorite 

is used for disinfection and 

decolourisation. However, the use of 

hypochlorite has its own dangers, as 

toxic chlorine gas is formed when 

hypochlorite is used in combination 

with acidic cleaning agents like 

hydrochloric acid. Pupils are asked to 

write down the reaction equation for 

that chemical reaction. They then have 

to show on a diagram, by circling the 

appropriate arrows, how the addition 

of acid shifts the equilibrium towards 

an increase in the amount of chlorine 

gas released into the air. 
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Table A2 

The number of pupils in low, medium and high-ranking schools (N=603) 

Group Low ranking schools Medium ranking schools High ranking schools Total 

Group 1 49 78 31 158 

Group 2 60 79 90 229 

Group 3 72 47 97 216 

Total 181 204 218 603 

 

Table A3 

The means of scores and their SD-s for the whole test (‘TOTAL’), the DCK and EDS tasks of T0 and the results 

of the ANOVA analysis (N=603) 

Group T0TOTAL (SD)* T0DCK (SD)** T0EDS (SD)** 

Group 1 10.87 (3.70) 5.37 (1.75) 5.49 (2.60) 

Group 2 11.48 (3.28) 5.56 (1.79) 5.92 (2.41) 

Group 3 11.18 (3.50) 5.56 (1.69) 5.63 (2.58) 

F(2, N = 603) 1.477 0.667 1.508 

p 0.229 0.514 0.222 

Sign. - - - 
Note. *Maximum scores: 18; **: Maximum scores: 9 

 

Table A4 

The means of scores and their SD-s for the whole test (‘TOTAL’), the DCK and EDS tasks of T1 and the results 

of the ANOVA Analysis (N=603) 

Group T1TOTAL (SD)* T1DCK (SD)** T1EDS (SD)** 

Group 1 8.83 (3.53) 4.42 (2.08) 4.41 (2.09) 

Group 2 8.45 (3.09) 3.98 (1.69) 4.47 (2.04) 

Group 3 10.0 (3.36) 4.62 (1.97) 5.39 (2.10) 

F(2, N = 603) 13.27 6.651 14.61 

p 0.000 0.001 0.000 

Sign. 1, 2 < 3 2 < 1,3 1, 2 < 3 
Note. *Maximum scores: 18; **: Maximum scores: 9 

 

Table A5 

The means of scores and their SD-s for the whole test (‘TOTAL’), the DCK and EDS tasks of T2 and the results 

of the ANOVA Analysis (N=603) 

Group T2TOTAL (SD)* T2DCK (SD)** T2EDS (SD)** 

Group 1 9.33 (3.18) 3.52 (2.04) 5.81 (1.91) 

Group 2 9.59 (3.07) 3.48 (1.94) 6.11 (1.81) 

Group 3 9.90 (3.20) 3.74 (2.19) 6.16 (1.86) 

F(2, N = 603) 1.526 0.961 1.853 

p 0.218 0.383 0.158 

Sign. - - - 
Note. *Maximum scores: 18; **: Maximum scores: 9 
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Table A6 

The means of scores and their SD-s for the whole test (‘TOTAL’), the DCK and EDS tasks of the T3 and the 

results of the ANOVA Analysis (N=603) 

Group T3TOTAL (SD)* T3DCK (SD)** T3EDS (SD)** 

Group 1 7.99 (3.51) 3.41 (1.85) 4.58 (2.30) 

Group 2 8.10 (3.73) 3.44 (2.10) 4.66 (2.47) 

Group 3 8.34 (3.63) 3.15 (1.88) 5.19 (2.42) 

F(2, N = 603) 0.458 1.443 3.858 

p 0.633 0.237 0.022 

Sign. - - 1,2 < 3 
Note. *Maximum scores: 18; **: Maximum scores: 9 

 

Table A7 

The effects of the assumed parameters estimated by the model of the ANCOVA analysis (absolute mean scores) 

for the whole test (‘TOTAL’) and the significance of their differences for the four tests (N=603) 

Group T0TOTAL T1TOTAL T2TOTAL T3TOTAL 

1. Group 1 10.83 8.98 9.47 8.21 

2. Group 2 11.04 8.11 9.42 7.90 

3. Group 3 10.74 9.78 9.84 8.18 

Significant difference* - 2 < 1 < 3 - - 

School ranking T0TOTAL T1TOTAL T2TOTAL T3TOTAL 

1. Low 9.79 8.14 9.15 7.74 

2. Medium 10.53 8.79 9.56 7.69 

3. High 12.29 9.95 10.02 8.86 

Significant difference* 1 < 2 < 3 1 < 2 < 3 1 < 3 1, 2 < 3 

Mother’s education T0TOTAL T1TOTAL T2TOTAL T3TOTAL 

1. No degree in higher education 10.46 8.77 9.54 8.03 

2. Degree in higher education 11.28 9.14 9.61 8.16 

Significant difference* 1 < 2 - - - 

Gender T0TOTAL T1TOTAL T2TOTAL T3TOTAL 

1. Boy 11.06 9.13 9.60 8.02 

2. Girl 10.68 8.79 9.55 8.18 

Significant difference* - - - - 
Note. * p<0.05 
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Table A8 

The effects of the assumed parameters estimated by the model of the ANCOVA analysis (absolute mean scores) 

for the DCK tasks and the significance of their differences for the four tests (N=603) 

Group T0DCK T1DCK T2DCK T3DCK 

1. Group 1 5.24 4.54 3.69 3.54 

2. Group 2 5.30 3.84 3.56 3.38 

3. Group 3 5.29 4.49 3.78 3.03 

Significant difference* - 2 < 1, 3 - 3 < 1, 2 

School ranking T0DCK T1DCK T2DCK T3DCK 

1. Low 5.09 3.51 3.72 3.20 

2. Medium 5.09 4.24 3.55 2.95 

3. High 5.64 5.11 3.76 3.81 

Significant difference* 1, 2 < 3 1 < 2 < 3 - 1, 2 < 3 

Mother’s education T0DCK T1DCK T2DCK T3DCK 

1. No degree in higher 

education 

4.94 4.26 3.82 3.30 

2. Degree in higher education 5.61 4.32 3.54 3.34 

Significant difference* 1 < 2 - - - 

Gender T0DCK T1DCK T2DCK T3DCK 

1. Boy 5.42 4.37 3.73 3.40 

2. Girl 5.13 4.21 3.63 3.23 

Significant difference* 2 < 1 - - - 
Note. * p<0.05 

 

Table A9 

The effects of the assumed parameters estimated by the model of the ANCOVA analysis (absolute mean scores) 

for the EDS tasks and the significance of their differences for the four tests (N=603) 

Group T0EDS T1EDS T2EDS T3EDS 

1. Group 1 5.60 4.40 5.76 4.61 

2. Group 2 5.75 4.25 5.86 4.48 

3. Group 3 5.44 5.24 6.00 5.09 

Significant difference* - 1, 2 < 3 - 1, 2 < 3 

School ranking T0EDS T1EDS T2EDS T3EDS 

1. Low 4.70 4.46 5.26 4.40 

2. Medium 5.44 4.46 5.95 4.65 

3. High 6.65 4.95 6.40 5.13 

Significant difference* 1 < 2 < 3 1, 2 < 3 1 < 2 < 3 1, 2 < 3 

Mother’s education T0EDS T1EDS T2EDS T3EDS 

No degree in higher education 5.52 4.42 5.67 4.62 

Degree in higher education 5.67 4.83 6.08 4.84 

Significant difference* - - 1 < 2 - 

Gender T0EDS T1EDS T2EDS T3EDS 

Boy 5.64 4.74 5.86 4.59 

Girl 5.55 4.51 5.88 4.86 

Significant difference* - - - - 
Note. * p<0.05 


