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ABSTRACT 
This study compared the effect of the instructional treatments (guided inquiry-based 
and traditional recipe-like approach) and the learning environments (authentic and 
virtual learning environments) on pre-service science teachers’ understanding of 
chemistry concepts. For this purpose, Authentic Inquiry-based Laboratory, Virtual 
Inquiry-based Laboratory, Authentic Recipe-like Laboratory and Virtual Recipe-like 
Laboratory were designed. Eight laboratory activities related to thermochemistry, 
chemical kinetics, chemical equilibrium, acids and bases and electrochemistry were 
developed. Sixty-eight pre-service science teachers were randomly stratified into four 
equal groups: Authentic Inquiry-based Laboratory, Virtual Inquiry-based Laboratory, 
Virtual Recipe-like Laboratory and Authentic Recipe-like Laboratory. A two-tier General 
Chemistry Concept Test developed by researchers was used for the data collection tool 
before and after the treatment and data were analysed using nonparametric statistical 
methods. According to the results there was a significant difference between post test 
scores of groups and this difference was between Authentic Inquiry-based Laboratory 
and Authentic Recipe-like Laboratory, Virtual Inquiry-based Laboratory and Authentic 
Recipe-like Laboratory. Mean scores of groups were arranged from the highest to the 
least as Authentic Inquiry-based Laboratory, Virtual Inquiry-based Laboratory, Virtual 
Recipe-like Laboratory and Authentic Recipe-like Laboratory. Each item of the test was 
also analysed and changing of alternative conceptions was assessed. Decreasing of 
frequencies of alternative conceptions were generally arranged same as mean scores 
except for chemical kinetics. 

Keywords: guided inquiry-based learning; understanding of chemistry concepts, 
virtual laboratory 

 

INTRODUCTION 
For the last decades, science educators have emphasized the necessity of students to acquire knowledge by 
themselves via investigation, thinking scientifically like a scientist, not only to prove scientific facts but also to 
inquire these facts. Doing experiment is one of the most important ways for questioning of scientific facts like a 
scientist; therefore, laboratory instructions for training students have came into prominence. 

Laboratory instructions take an important place in science education because science subjects cannot be learned 
meaningfully without laboratory instructions (Hofstein & Lunetta, 1982, 2004; Hofstein & Mamlok-Naaman, 2007; 
Tobin, 1990). In addition, the laboratory instructions are effective in the understanding of science concepts, 
improving scientific process skills and problem-solving skills (Hofstein & Mamlok-Naaman, 2007; Lunetta, 1998). 
Moreover, the laboratory instructions enable the students to use more than one of their sense organs to investigate 
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events and materials directly, to make them active in the learning process, to develop their research and 
investigation skills, to apply their learning to daily life and to observe repeatedly (Karamustafaoglu & Yaman, 
2010). 

Authentic Laboratory vs Virtual Laboratory 
Although the laboratory has many benefits, there are some limitations to using it, such as sharing a laboratory 

with different courses, negative attitudes of teachers about laboratory management, crowded classrooms, using 
dangerous and expensive chemicals/materials/equipment, long and dangerous experiments (Altun et al., 2009). 
In recent years, virtual laboratories have become popular to overcome these limitations (Altun, Feyzioglu & 
Demirag, 2011; Tuysuz, 2010). Virtual laboratories are defined as environments that give a chance to students to do 
an experiment for turning their theoretical knowledge into practice by performing the simulation of a real 
laboratory (Woodfield, 2005). In the virtual laboratory, learning can be out of a classroom and instructions become 
more dynamic when a computer is available (Yang & Heh, 2007). They have provided a learning environment that 
is interactive, safe and independent of time and classroom (Altun et al., 2011; Dalgarno, 2015; Tuysuz, 2010). 
Students can stop, resume and repeat the experiment (Gershenson, Gonzalez, & Negrete, 2000), therefore they have 
an opportunity to conduct the experiment according to their individual learning (Stieff & Wilensky, 2003). In 
addition, virtual laboratories enable simulation of both macroscopic and microscopic properties of chemical 
reactions, concurrently (Tuysuz, 2010). Some chemical reactions may occur very fast, very slow or in a very complex 
way and virtual laboratories make it possible to observe these reactions (Singer, Hilton, & Schweingruber, 2006). 
Moreover, students can conduct a dangerous, long and expensive experiment in these laboratories in a safe learning 
environment (Dalgarno, Bishop, & Bedgood, 2003; Gershenson et al., 2000; Kamlaskar, 2007). Students can become 
familiar with the experimental process (Georgiou, Dimitropoulos, & Manitsaris, 2007), and both communication 
and interaction can be promoted by using this virtual environment (Lily et al., 2008; Yang & Heh, 2007). On the 
other hand, students in the virtual laboratory virtually complete experiments, as if they were in an authentic 
laboratory environment, they could not use and improve their psychomotor skills in the virtual environment 
(Carnevale, 2003; Diker, 2011). They also do not touch laboratory materials, have interaction with laboratory 
materials and chemicals and they pay minimal attention to safety rules (Bucos, Dragulescu, & Ternauciuc, 2008). 

In recent years, the demand for virtual laboratories has increased because they have overcome real laboratories 
limitations and the research that investigates laboratory instructions has focused on the effects of virtual laboratory 
environments (Altun et al., 2011; Bakar & Zaman, 2007; Bozkurt, 2008; Bucos et al., 2008; Carnevale, 2003; Diker, 
2011; Hawkins & Phelps, 2013; Jezierska, Podraza, Domek, & Szwed, 2016; Kennepohl, 2001; Mercer-Chalmers, 
Goodfellow, & Price, 2004; Tatli, 2011; Trindade, Fiolhais, & Almedia, 2002; Tuysuz, 2010; Yang & Heh, 2007). In a 
highlight of these studies, it was emphasized following situations about virtual laboratories: Traditional recipe-like 
laboratories have some limitations such as safety problems, long and dangerous experiments, expensive chemicals 
and equipment, the necessity of a place and obligation of conducting an experiment fixed time. Because of these 
limitations, laboratory instructions are not accomplished using their full potential efficiently. Considering these 
situations, in the virtual laboratory studies, more dynamic, independent of place and time, interactive learning 
environments were presented to participants. Participants conducted an experiment actively, they could repeat the 
whole experiment or any step. Therefore, they had the opportunity to conduct them at their individual learning 
pace and convenience. They could also observe microscopic levels of the experiment. As a result of these, 
achievement and performance were promoted and students felt relax, less tired and safer. They also became 
familiar with the experimental process, chemicals and equipment students could focus on the experiment rather 
than the use of chemicals/equipment, the danger of experiment or cost. These advantages enhanced students’ 

Contribution of this paper to the literature 

• There is limited research that evaluates understanding by using a two-tier diagnostic test and there is no 
study uses a 2 x 2 factorial design. This study was aimed to investigate the effect of the instructional 
treatment (guided inquiry-based and traditional recipe-like approach) and the learning environments 
(authentic and virtual learning environments) on the pre-service science teachers’ understanding using 2 x 
2 factorial design. 

• According to the results, the guided inquiry-based approach was more effective than the traditional recipe-
like approach both authentic and virtual laboratory environments on the pre-service science teachers’ 
understanding and remedying of alternative conceptions. 

• An authentic laboratory environment was more beneficial than a virtual environment when it was 
supported by guided inquiry-based learning; virtual environment was more effective than authentic 
laboratory environment when it was based on the traditional recipe-like approach. 
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inquiry skills, high-level cognitive skills, motivation and interest. However, these virtual laboratories could not 
provide some opportunities of authentic laboratories as mentioned previous paragraph. 

Inquiry-based Learning Approach and Laboratory Applications 
One of the limitations of laboratory instructions is having to carry out the laboratory activities in a particular 

sequence. However, science educators have discussed the inadequacies of traditional cook-book laboratory 
instructions for many years. For example, the students who conducted traditional cook-book laboratory activities 
focus on carrying out an experiment by following the directions. In addition, these directions have more details 
and this situation leads to misunderstanding the experiment’s aim (Johnstone & Wham, 1982). In addition, the 
students prove scientific facts without discussing them in traditional cook-book laboratory activities (Roth, 1994). 
Therefore, they do not understand the aim of experiment and related learning issues (Hofstein & Lunetta, 2004). 
Moreover, the students in both science classes and science laboratories think that knowledge in a book and other 
sources is enough and they do not inquire into this knowledge’s source. However, inquiring is an important 
component of science program at each level and in each area (Crowther, 1999). For this reason, inquiry-based 
learning takes an important place in science education.  

Inquiry-based learning is expressed as activities that are improved by students’ knowledge and in which they 
learn how scientists work (NRC, 2000). This approach which ensued in the light of constructivist approach attaches 
great importance to research process rather than problem solving (Lim, 2001). In addition, an inquiry-based 
learning approach provides an opportunity to improve students’ scientific content knowledge, their perceptions 
about the nature of science and their inquiring skills for using it (NRC, 2000). Moreover, students have another 
opportunity to get an understanding of fundamental concepts and theories, comprehending of facts and events, 
improving questioning and answering (Chiappetta & Adams, 2004). Briefly, science education turns from watching 
and listening activities to doing activities (Hinrichsen & Jarrett, 1999).  

Inquiry-based learning was first classified into three levels by Schwab according to activeness of teacher and 
students (Schwab, 1962). Then, these levels were revised and new levels were added to them. These levels are 
confirmation inquiry, structured inquiry, guided-inquiry, double inquiry and open inquiry. While students are the 
most active in open inquiry, the teacher is the most active in confirmation inquiry. In guided inquiry, a problem is 
given to students by the teacher and they investigate methods and solutions under the guidance of a teacher 
(Colburn, 2000).  

Inquiry-based learning is more effective in laboratory instructions because laboratories are environments in 
which you can teach to invent and ways of achieving knowledge rather than to prove the knowledge. In the inquiry-
based laboratory, students do not follow directions step by step and they have an opportunity to work in a small 
cooperative group, to increase their responsibility (Coppola & Lawton, 1995), to be familiar with planning and 
conducting research and to conduct new research easily by this way (Wimmers, 2001). Basically, an inquiry-based 
laboratory experiment has two phases: Pre-inquiry and inquiry (Hofstein, Shore, & Kipnis, 2004). In the pre-inquiry 
phase, students carry out a short experiment to focus on the inquiry process. In the inquiry phase, they formulate 
hypothesis/hypotheses by asking relevant questions and they choose one of them to investigate. Then, they plan 
and conduct an experiment to prove their hypothesis/hypotheses. In this process, they note their observations and 
results obtained from the experiment. Finally, they discuss whether the hypothesis is accepted or not among their 
group members and they present their results in a scientific way (Hofstein et al., 2004). 

Inquiry-based learning has many benefits in the learning process, but inquiry-based activities are limited 
(Cheung, 2008). Furthermore, inquiry-based laboratory research on students’ understanding at the undergraduate 
level and especially at the teacher training level is limited (e.g. Akben, 2015; Almuntasheri, Gillies, & Wright, 2016; 
Buckner & Kim, 2014; Franklin et al., 2015; Hemraj-Benny & Beckford, 2014; Hsiao et al., 2017; Kaya & Yilmaz, 2016; 
Ozkan & Bumen, 2014; Ramnarain, 2014; Yetişir, 2016).  

In this study, the pre-service science teachers’ understanding of chemistry concepts, namely, chemical kinetics, 
chemical equilibrium, thermochemistry, acids-bases and electrochemistry was investigated. For this purpose, four 
different learning environments were designed. According to the literature review, there is limited research 
inquiry-based laboratory, virtual chemistry laboratory, inquiry-based virtual chemistry laboratory studies for 
students’ understanding related to the aforementioned concepts at the undergraduate level and especially at the 
teacher-training level are limited. In addition to these, there is much research that assessed the effect of only 
instructional treatment of mentor-only learning environment on different variables. Although there is some 
research focused on only one chemistry topic, this research focused on five chemistry topics and it was conducted 
during one semester. Our research differentiated from other research with these aspects and it will make a major 
contribution to the literature in this respect. 

Understanding of teachers has a great role in students’ meaningful understanding. Chemistry concepts also 
have great place in a science subject. If a teacher has alternative conceptions, they will teach them to their students. 
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For this reason, training of pre-service teachers and remedying their alternative conceptions have a major 
importance. For this purpose, different and effective learning environments should be prepared and evaluated 
especially at the teacher-training level. 

Purpose of the Research 
This study to investigate the effect of instructional treatments (guided inquiry-based and traditional recipe-like 

approach) and the learning environments (authentic and virtual learning environments on the pre-service science 
teachers’ understanding. The following research question was investigated in this study:  

Do the instructional treatments and the learning environments affect the pre-service science teachers’ 
understanding of chemistry concepts? 

METHOD 

Participants 
This study was conducted with the participation of 68 pre-service science teachers (19-22 years) in an education 

faculty in Istanbul, Turkey. All the participants had learned basic chemistry concepts in the General Chemistry 
course in the first semester. They had also learned laboratory rules, laboratory safety, and laboratory methods. 

The pre-service science teachers were stratified according to the pre-test scores obtained from the General 
Chemistry Concept Test, gender and age, and then they were randomly assigned to four groups (Table 1): 
Authentic Inquiry-based Laboratory (AIL), Virtual Inquiry-based Laboratory (VIL), Virtual Recipe-like Laboratory 
(VRL) and Authentic Recipe-like Laboratory (ARL). 

Ethical Procedures 
This study was conducted with the participation of 68 pre-service science teachers (19-22 years). Before the 

research, the participants were informed about the study. For this purpose, a guide form was prepared by the 
researcher containing headings:  

• Heading of the research 
• Aim of the research 
• Importance of the research 
• Basic steps of the research 
• Ethical explanations 
In the ethical explanation section, it was explained that there was no obligation or sanction for participating in 

the research. After reading the form, the participants declared that they volunteered for the study by signing this 
form. 

This study was conducted using chemical and laboratory equipment. For this reason, brief information was 
given to participants about laboratory safety rules. The instructor also took precautions before each activity for 
protecting the participants from harm.  

The last point of ethical procedure was the gatekeeper of the research. Because one of the researchers was the 
instructor of the lesson at the same time, activities were conducted by the instructor. In addition, the other 
researcher made observations during the instructions. 

Table 1. The distribution of pre-service science teachers 
 AIL VIL VRL ARL 

Pre-Test Results of General Chemistry 
Concept Test 

Low (4-8) 6 5 6 6 
Medium (9-12) 5 6 6 6 
High (13-16) 6 6 5 5 

Gender Female 14 14 15 14 
Male 3 3 2 3 

Age 19 14 13 15 14 
19+ 3 4 2 3 
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Instruments 
General Chemistry Concept Test. To determine the pre-service science teachers’ understanding before and 

after the instructions, a two-tier diagnostic General Chemistry Concept Test (GCCT) developed by researchers 
based on Treagust’s method (1988), in which 44 items related to thermochemistry, chemical kinetics, chemical 
equilibrium, acids-bases and electrochemistry, was used First, content boundaries and the learning objectives were 
determined. Alternative conceptions were derived both from literature review and the pre-service science teachers’ 
semi-structured interviews. Then, a multiple-choice test with an open ended part, in which the pre-service science 
teachers were required to explain their reason for their answers to the first part, was constructed and applied to the 
68 pre-service science teachers. Their responses to the open-ended part of each item were analysed, these results 
and alternative conceptions derived from the literature were used for constructing the distracters. Hence, the two-
tier test was constructed in a way that the first tier included a conventional multiple-choice step and the second tier 
included possible reasons of the given answer for the first tier. For the content validity, the test was reviewed by 
five chemistry educators and it was applied to 151 pre-service science teachers. According to the item analysis 
results, two items were removed from the test because of having negative discrimination indices. The difficulty 
levels were 0.3 and 0.77 with an average of 0.50; discrimination levels were identified between 0.2 and 0.64 and 
average of them was calculated as 0.39. For reliability analysis, Cronbach’s alpha reliability coefficient was 
calculated and reported because coefficient alpha is equivalent to the Kuder-Richardson 20 coefficient for 
dichotomous data (Green & Salkind, 2005). The final version of the two-tier diagnostic test consisted of 44 items 
and the language of the test was Turkish. The Cronbach α reliability coefficient was found to be 0.84 (Table 2) and 
this value was high and acceptable when compared with the literature values (e.g. Chandrasegaran, Treagust & 
Mocerino, 2007; Tsui & Treagust, 2010). Answer all the questions on the test took nearly 90 minutes. 

Research Design 
In the present study, the effectiveness of the guided-inquiry approach and traditional recipe-like approach in 

different learning environments on the pre-service science teachers’ understanding was compared. Therefore, 
participants were stratified into four groups and 2 x 2 factorial design, in which the instructional treatment and 
learning environment were adopted as independent variables, was used (Table 3). The pre-test and post-test with 
control group design was modified in this research design and it provided an assessment for both the separate 
effects of each independent variable and their joint effects (Fraenkel, Wallen, & Hyun, 2012). This research design 
allows researchers to assess the interaction of a variable with one or more other variables and each variable has two 
levels (Fraenkel, Wallen, & Hyun, 2012). In this study, both instructional treatment (guided inquiry approach and 
traditional recipe-like approach) and learning environment (authentic and virtual environment) had two levels. 
Participants were stratified into four groups and 2 x 2 factorial design, in which the instructional treatment and 
learning environment were adopted as independent variables, was used (Table 3). Guided inquiry-based 
laboratory activities were conducted in AIL and VIL in the authentic and virtual environments, respectively. VRL 
and ARL performed traditional recipe-like laboratory activities in the virtual environments and authentic 
environments, respectively. Instructions in all groups were conducted during eight weeks and the GCCT was 
applied before and after the instructions. 

Table 2. Test topics and items 
Topic Items 
Thermochemistry Q6, Q15, Q24, Q35, Q41, Q44 
Chemical Kinetics Q1, Q4, Q7, Q8, Q10, Q11, Q12, Q14, Q16, Q18, Q38 
Chemical Equilibrium Q27, Q30, Q32, Q34, Q36 
Acids and Bases Q2, Q5, Q9, Q13, Q17, Q19, Q20, Q21, Q23, Q25, Q28, Q29, Q31, Q37, Q42, Q43 
Electrochemistry Q3, Q22, Q26, Q33, Q39, Q40 

 

Table 3. Research design used in the study 

 
Learning environment 

Authentic Laboratory (AL) Virtual Laboratory (V) 
Instructional 
treatment 

Guided Inquiry Approach (GIA) Authentic Inquiry-based Laboratory Virtual Inquiry-based Laboratory 
Recipe-like Approach (RA) Authentic Recipe-like Laboratory Virtual Recipe-like Laboratory 
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Instructional Treatment 
In the present study, eight laboratory activities related to chemical kinetics, chemical equilibrium, 

thermochemistry, acids-bases and electrochemistry were developed (Table 4). 

In the first step of developing the laboratory activities, the literature was reviewed and the pre-service science 
teachers’ understanding and learning difficulties were determined. After the learning objectives were identified, 
the laboratory activities were prepared properly for both guided-inquiry-based and traditional recipe-like 
approaches. Before the instruction, all the pre-service science teachers were informed about the learning process 
with a brief orientation including group rules, student and instructor roles, and assessment criteria. All the pre-
service science teachers conducted the same laboratory activities in a different manner under the guidance of the 
instructor. While the pre-service science teachers in the authentic laboratory environment performed physical 
manipulation of equipments themselves under the guidance of an instructor, the pre-service science teachers in the 
virtual environment virtually complete this process as if they were in an authentic laboratory environment. 

Authentic Inquiry-based Laboratory. The pre-service science teachers (N = 17) were randomly assigned to four 
cooperative groups for conducting the laboratory activities based on the guided-inquiry approach in an authentic 
laboratory laboratory environment. In addition, laboratory worksheets were prepared according to the stages of 
the inquiry-based laboratory activity mentioned by Hofstein, Shore and Kipnis (2004). These worksheets had two 
phases and seven steps, which are presented in Table 5. 

All worksheets were reviewed by four chemistry educators, and they were piloted by the participation of five 
pre-service science teachers. Unless the instructor confirmed the pre-service science teachers’ writings, they could 
not pass onto the next step. 

As an example, the schematic representation of a guided-inquiry-based laboratory activity worksheet, related 
to chemical equilibrium topic, is presented in Figure 1. The purpose of the activity was the identification of the 
effect of temperature and concentration on the equilibrium reaction. In this activity, a brief daily life story was given 
to the pre-service science teachers. The story was about solving a problem based on a laboratory accident. In the 
story, a student prepared CoCl2and HCl solution and she poured HCl onto CoCl2, accidently. Then, she observed 
that solution’s colour turned from pink to blue. So, the pre-service science teachers inquired other ways of turning 
the solution’s colour from pink to blue and from blue to pink as mentioned in the story. 

Table 4. Distribution of laboratory activities according to subjects 
Number of 
Experiment Subjects Aim of laboratory activities 

1 Chemical Kinetics Identification of effect of surface, temperature, stirring and amount of substance on 
reaction rate 

2 Chemical Kinetics Identification of the effect of catalyst on reaction rate 
3 Chemical Equilibrium Identification of the effect of temperature and concentration on equilibrium reaction  
4 Thermochemistry Identification of heats of dissolution and neutralization  
5 Acids and Bases To calculate the degree of acidity by titration 
6 Acids and Bases To comprehend the buffer mechanism 
7 Electrochemistry Identification of the effect of concentration on cell potential  
8 Electrochemistry Identification of the ways of removing rust and corrosion prevention 

 

Table 5. Laboratory worksheets based on guided-inquiry approach in this study 
Phases Steps Pre-service science teachers’ requirements 

Pre-inquiry A brief story about daily life, 
connected with the learning issues 

Read the story in a detailed manner, to discuss and inquire the situation given in 
the story 

Inquiry 

Define your problem Define the problem given in the story 

Define your hypothesis Define hypothesis/hypotheses for the solution of the problem situation given in 
the story 

Collect data 
Design an experiment to prove the hypothesis by using laboratory 
materials/chemicals that were given in worksheets or the others that you want 
to use.  

Write your experimental steps Write the experimental procedures for the experiment planned by the pre-
service science teachers.  

Results Write the results obtained from the experiment. In addition, draw a graph and 
present tables for results (if it is necessary)  

Interpretation 
Interpret findings and associate them with the problem and hypothesis. If the 
hypothesis is not proved by the results, the experiment needs to be re-planned 
and re-done in this step 
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In this story, the reason for choosing a reaction that changed colour by effects was making concrete the effects 
on equilibrium. During the discussion in all the steps of the activity, the instructor was a guide to prevent 
misleading the pre-service science teachers. In the first step of this activity, the pre-service science teachers read 
and discuss the story. In the second step, they were required to define the problem given in the story. In this step, 
they first discussed the type of reaction given in the story. After they had identified the reaction type as an 
equilibrium reaction, they discussed the reason for the colour change. After the discussion, the pre-service science 
teachers were required to identify the problem situation, what other ways of colour changing in this equilibrium 
reaction. In the context of the problem, they actually discovered factors affecting equilibrium. After confirmation 
of the problem, they defined their hypothesis in the third step and they planned an experiment related to chemical 
equilibrium to prove their hypothesis. In this step, concentrated HCl, acetone, water, ice, water bath, 0.2 M CoCl2, 
0.1 M AgNO3, some pipettes and some test tubes were given to the pre-service science teachers and they were 
required to design an experiment using these materials or the other laboratory materials and chemicals that they 
wanted. Then, they carried out the experiment. They had an opportunity to observe the effects of temperature and 
concentration on equilibrium reaction of CoCl2 and HCl. During the activity, they recorded their observations and 
findings in their worksheet. Lastly, they discussed their findings, they associated their results with the problem and 
hypothesis defined at the beginning of the activity and they shared the results with their classmates. 

 
Figure 1. A schematic representation of the worksheet 
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Virtual Inquiry-based Laboratory. The pre-service science teachers (N = 17) were randomly stratified into four 
groups for conducting the laboratory activities based on the guided-inquiry approach in a virtual laboratory 
environment. In the present study, two software programs were developed: Guided-Inquiry-based Virtual 
Chemistry Laboratory (GIBVL) software for the pre-service science teachers and Instructor Software for the 
instructor. In GIBVL, the same guided-inquiry based laboratory activities as in AIL were computerized to a virtual 
environment. In addition, GIBVL was developed based on the Analysis, Design, Development, Implementation, 
and Evaluation (ADDIE) instructional design model (Table 6). 

The pre-service science teachers carried out guided-inquiry-based virtual laboratory activities using GIBVL. 
These virtual activities had the same steps as AIL, in which there was a brief story about daily life, defining the 
problem, defining the hypothesis, collecting data, writing experimental steps, results and interpretation. In 
addition, the instructor confirmed or refused the pre-service science teachers’ problem, hypothesis etc. using 
instructor software. Unless the instructor confirmed their writings, learners could not pass on to the following step.  

Moreover, the instructor could send short guiding sentences about accomplishing steps and the reason for their 
refusals. So, the pre-service science teachers had an opportunity to communicate with the instructor and correct 
their errors in this way. 

As an example, a GIBVL activity related to the chemical equilibrium topic is presented in Figure 2. A brief daily 
life story which was the same as in AIL was given at the beginning of this activity. After the pre-service science 
teachers had read the story, they were steered to define the problem and send it to the instructor software. The pre-
service science teachers sent their writing to the instructor software; the instructor could confirm or refute it. After 
the pre-service science teachers’ problems and hypothesis had been confirmed by the instructor, they were required 
to plan an experiment. After the instructor had confirmed the pre-service science teachers’ plan of the experiment, 
they were steered to conduct the experiment planned by them. After the pre-service science teachers had completed 
each level of the experiment, they were required to take notes, such as steps of the experiment, their observation or 
findings on the notepad in GIBVL. Unless they took notes, they could not move on to the next step of the 
experiment. So, they were encouraged to take notes in this way. At the end of the activity, the pre-service science 
teachers were steered to send their results to the instructor to be confirmed. If their results were refused, they could 
repeat step/steps that they wanted. After their results had been confirmed, they associated their results with their 
problem and hypothesis and they sent it back to the instructor to be confirmed. After the confirmation, they could 
complete the activity. 

Table 6. Development process of GIBVL based on ADDIE model 
Steps of the model Implementations 

Analysis 

Basic properties of GIBVL and development standards were identified.  
Experiments were conducted in a real environment and they were recorded for identification of software 
content, steps of experiments and real experimental data. 
Virtual laboratory applications were examined. 
Web sites and books were examined for modelling the software interfaces, experimental materials and 
equipment. 
Use of HTML5, CSS3, PHP, MySQL, Adobe Flash Action Script 3.0, jQuery programs and applications were 
decided. 

Design Guided inquiry approach was added to the software. 
Completion criterias for activities were identified.  

Development 

Software was developed according to the steps of the guided inquiry approach. 
A periodic table, calculator, laboratory rules, about the study and help sections were added to the 
software for the pre-service science teachers. 
A notebook was added to the GIBVL software to allow the pre-service science teachers to write their 
observations and findings. 

Implementation 

Software was activated on the Internet 
User name and password parts were added to the software. 
Experts were identified for reviewing. 
The pre-service science teachers were identified for piloting the applications.  

Evaluation 

The software was reviewed by two chemistry and one computer educators and then it was revised.  
Pilot applications were done with the participation of five pre-service science teachers and the software 
was revised.  
The software was reviewed by the experts again and the final version of the software was developed.  
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Virtual Recipe-like Laboratory. In VRL (N=17), the pre-service science teachers were randomly stratified into 
four groups for conducting the laboratory activities based on a traditional recipe-like approach in a virtual 
laboratory environment. For this purpose, traditional recipe-like learning approach based virtual chemistry 
laboratory software (TABVL) was developed. While TABVL was being developed, the same procedure that had 
been used to develop GIBVL was conducted according to the ADDIE instructional model (Table 7). 

 
Figure 2. Interface of different steps in guided-inquiry based virtual laboratory 
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In TABVL, the same laboratory activities were conducted with AIL and VIL. However, experiments directly 
began in this software and the pre-service science teachers carried out these experiments by following the 
laboratory guide step by step. 

A TABVL activity related to the chemical equilibrium topic is presented in Figure 3. 

In this activity, the pre-service science teachers began the experiment directly. At the beginning of the activity, 
the pre-service science teachers were steered to read the laboratory guide in TABVL. They followed the laboratory 
guide step by step during the experiment. In addition, they were required to take notes about their observations 
and findings during the experimental process as in GIBVL.  

Authentic Recipe-like Laboratory.In ARL (N = 17), the pre-service science teachers were randomly stratified 
into four groups for conducting the laboratory activities based on the traditional recipe-like approach in an 
authentic laboratory environment. For this purpose, laboratory guides based on the traditional recipe-like approach 
were prepared for each activity. In these laboratory guides, the name of the experiment, the aim of the experiment, 

Table 7. Development process of TABVL based on the ADDIE model 
Steps of the 
model Implementations 

Analysis 

Basic properties of TABVL and development standards were identified.  
Experiments were conducted in a real environment and they were recorded for identification of software 
content, steps of experiments and real experimental data. 
Virtual laboratory applications were examined. 
Web sites and books were examined for modelling the software interfaces, experimental materials and 
equipment. 
Use of HTML5, CSS3, PHP, MySQL, Adobe Flash Action Script 3.0, jQuery programs and applications were 
decided. 

Design The traditional recipe-like approach was added to the software. 
Completion criteria for activities were identified.   

Development 

Software was developed according to traditional recipe-like approach.  
A laboratory guide including the name of the experiment, aim of experiment, materials/chemicals list, and 
steps of the experiment was added to software for each activity. 
A periodic table, calculator, laboratory rules, about the study and help sections were added to the software 
for the pre-service science teachers. 
A notebook was added to the TABVL software to allow the pre-service science teachers to write their 
observations and findings 

Implementation 

Software was activated on the Internet 
User name and password part were added to the software. 
Experts were identified for reviewing. 
The pre-service science teachers were identified for pilot applications.  

Evaluation 

The software was reviewed by two chemistry and one computer educators and then it was revised.  
Pilot applications were done with the participation of five pre-service science teachers and software was 
revised.  
The software was reviewed by the experts again and the final version of the software was developed.  

 

 
Figure 3. Interface of conducting experiment 
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a list of materials and chemicals and steps of the experiment were presented to the pre-service science teachers. In 
addition, they could write their observations and findings on to these guides.  

As an example, a schematic representation of a laboratory guide related to the chemical equilibrium topic is 
presented in Figure 4. 

In this activity, the pre-service science teachers were required to follow these laboratory guides step by step. 
Therefore, they read the guide clearly and they prepared the laboratory materials and chemicals as given in it. 
While they were conducting the experiment, they took notes about their observations and findings in the laboratory 
guide. 

Data Analysis 
While the GCCT was being analysed, the total score was first calculated. For this purpose, each item was 

considered to be correctly answered if first tier and second tier were correctly chosen (Treagust, 1988). Therefore, 
one point was given for items only when both parts of the item were correctly answered, and zero points were 
given for items when either part was incorrectly answered. This scoring made possible the decreasing of the 
percentage of students’ obtaining a correct answer by chance (Tsui & Treagust, 2010) and evaluated meaningful 
understanding, deeply.  

The pre-test and post- test mean scores of all the groups were compared using nonparametric statistical 
methods, Kruskal-Wallis H, Mann Whitnet-U and Wilcoxon Signed Ranks, because the actual size of the population 
is small. The Bonferroni adjustment was also used for Mann-Whitney U test and α was calculated as 0.0083 by split 
0.05 to six (Green & Salkind, 2005). The effect size was calculated for comparison by using 𝑟𝑟 = 𝑧𝑧√N (Pallant, 2007). 

In addition, each item of the GCCT was analysed by the following Treagust method (1988) for identifying the 
pre-service science teachers’ alternative conceptions and conceptual change. For this reason, the frequency of each 
option in the GCCT was calculated in the pre-test for each group and alternative conceptions were identified. Then, 
these alternative conceptions were examined in the post-test and their frequency variation was reported.  

 
Figure 4. Schematic representation of a laboratory guide related to the chemical equilibrium topic 
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An example item related to acids and bases is presented to illustrate how the item worked and how the data 
were analysed by the researcher by the following Treagust method (1988). 

Which of the following is true about indicators? 
a) They increase the rate of reaction. 
b) They decrease the rate of reaction. 
c) They are strong acid or base. 
d) They are weak acid or base. 
BECAUSE; 
A) They provide colour change by neutralization of acid or base.  
B) Indicators provide an alternative way for the reaction to happen which has a lower activation energy.  
C) When acid or base are added, they can change colour in different pH range because they give equilibrium 

reaction based on changing of colour.  
D) They decrease the yield of reaction by disrupting the reactants’ structures. 
E) They increase activation energy of the reaction.  
This item assessed the pre-service science teachers’ understanding of indicators and their mechanism. While 

this item was analysed, the frequency (f) of each option of the item was calculated in the pre-test (Table 8). 

Most of the pre-service science teachers in AIL (8) gave no response. A small part of the pre-service science 
teachers in AIL correctly responded to the first tier ‘They are a weak acid or base’. In addition, some of the pre-
service science teachers in AIL (3) correctly responded to the second tier. However, only one pre-service science 
teacher selected the correct choice for each tier: (d) for the first tier and (C) for the second tier. Moreover, two of the 
three pre-service science teachers who selected the correct answer in the first tier gave no reason in the second tier. 
So, only one pre-service science teacher correctly understood indicators and some of their features. In addition, two 
pre-service science teachers selected choice (a) and 11 pre-service science teachers selected choice (b) in the first tier 
and six pre-service science teachers selected choice (B) in the second tier, respectively. According to the results, the 
following alternative conceptions about indicators were determined in the pre-test:  

Indicators increase the rate of reaction (f = 2).  
Indicators decrease the rate of reaction (f = 11).  
Indicators provide an alternative way for the reaction to happen which has a lower activation energy (f = 6). 
In addition, the variation of these alternative conceptions’ frequencies was calculated in the post-test to assess 

the pre-service science teachers’ understanding and conceptual change. For this purpose, the options that included 
these alternative conceptions were examined in the post-test and their frequencies were reported (Table 9). The 
pre-test and post-test of all groups were analysed in similar ways and findings are presented in the Results and 
Discussion section. 

Table 8. Analysis of an acids and bases-related item in the pre-test for identifying the pre-service science teachers’ understanding 
in AIL 

N 
First Tier (f) 

 Second Tier (f) 

17 

A B C D E No reason 
a (2) - - - - - 2 

b (11) - 6 2 - - 3 
c (0) - - - - -  
d (3) - - 1* - - 2 

No choice (1) - - - - - 1 
Total - 6 3 - - 8 

Note * The correct choice and reason response 
- No responses in this category 

Table 9. Understanding of the pre-service science teachers in AILabout indicators 
Alternative Conceptions Pre-test (f) Post-test (f) 
Indicators increase the rate of reaction.  2 2 
Indicators decrease the rate of reaction.  11 1 
Indicators provide an alternative way for the reaction to happen which has a lower 
activation energy. 6 3 
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RESULTS AND DISCUSSION 
The GCCT was applied before and after the instructions as in pre-test and post-test. The descriptive statistics of 

the pre-test and post-test GCCT are presented in Table 10. 

In order to compare pre test and post test scores of groups, Kruskal Wallis H Test was used (Table 11). 

According to Kruskall Wallis H Test Results, while there was no significant difference between pre-test scores 
of groups [χ2(sd=3, n=17)= 0.618, p>0.05], there was significant difference between post test scores of groups 
[χ2(sd=3, n=17) = 24.382, p<0.05]. For identification of differences between post test score of groups Mann Whitney 
U test were conducted (Table 12). 

According to results with Bonferroni Adjustment, it was found significant difference between AIL and ARL 
(U=35.000, z=-3.787, p<0.0083, r=0.65), VIL and ARL (U=24.500, z=-4.153, p<0.0083, r=0.71). Lastly, Wilcoxon 
Signed Rank Test was used for comparing pre-post test scores of groups (Table 13). 

Table 10. Descriptive Statistics of the Pre-test and Post-test GCCT 
Group Test Mean Standart Devision Minimum Score Maximum Score 

AIL 
Pre Test 8.76 3.73 5.00 16.00 
Post Test 15.29 4.36 7.00 27.00 

VIL Pre Test 8.82 3.49 5.00 15.00 
Post Test 15.06 2.70 12.00 22.00 

VRL Pre Test 8.71 2.73 4.00 12.00 
Post Test 12.65 3.24 8.00 20.00 

ARL 
Pre Test 7.94 2.51 4.00 12.00 
Post Test 9.59 2.94 6.00 16.00 

 

Table 11. Kruskal Wallis H Test Results 
Test Group N Mean Rank sd χ2 p 

Pre test 

AIL 17 34.53 3 0.618 0.892 
VIL 17 35.59    
VRL 17 36.41    
ARL 17 31.47    

Post test 

AIL 17 44.65 3 24.382 0.000 
VIL 17 45.47    
VRL 17 31.35    
ARL 17 16.53    

 

Table 12. Mann Whitney U Test Results 
Group N Mean Ranks Sum of Ranks U p 

AIL 17 17.62 299.50 142.500 0.945 
VIL 17 17.38 295.50   
AIL 17 21.09 358.50 83.500 0.034 
VRL 17 13.91 236.50   
AIL 17 23.94 407.00 35.000 0.000 
ARL 17 11.06 188.00   
VIL 17 21.53 366.00 76.000 0.017 
VRL 17 13.47 229.00   
VIL 17 24.56 417.50 24.500 0.000 
ARL 17 10.44 177.50   
VRL 17 21.97 373.50 68.500 0.009 
ARL 17 13.03 221.50   
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As shown in the Table 13, there was significant difference between pre-test and post test scores after instructions 
of the Authentic Inquiry-based Laboratory (z=3.628, p<0.05, r=0.62), Virtual Inquiry-based Laboratory (z=3.625, 
p<0.05, r=0.62), Virtual Recipe-like Laboratory (z=3.634, p<0.05, r=0.62), Authentic Recipe-like Laboratory (z=2.062, 
p<0.05, r=0.35).  

To evaluate the pre-service science teachers’ understanding and conceptual change, their responses to each item 
were analysed and the percentage of the pre-service science teachers’ choices for each option was calculated. 
Alternative conceptions determined in this study are presented in the Appendix. According to the findings, the 
pre-service science teachers had 83 alternative conceptions (Chemical kinetics: 18, chemical equilibrium: 7, 
thermochemistry: 9, acids and bases: 37 and electrochemistry: 12). These alternative conceptions were classified 
under subheadings and these subheadings were reaction rate, concentration effect, reaction rate constant, surface 
area effect, catalyst effect, reaction mechanism, temperature effect, collision theory; Le Chatelier’s Principle, 
temperature effect, equilibrium constant; endothermic reactions, reaction enthalpy, bond energy, exothermic 
reactions, neutralization heat; titration, strength of acids and bases, indicators, neutralization, equivalence point, 
acid-base equilibrium, buffer solutions, cell potential, metal electrodes, galvanization and plating, anode-cathode 
before the instruction. The frequency of each alternative conception changed different ratios after the instruction. 
The results indicated that the frequencies of alternative conceptions identified in the pre-test, decreased in the post-
test. Decreasing of frequencies of alternative conceptions was arranged in the order Authentic Inquiry-based 
Laboratory (AIL), Virtual Inquiry-based Laboratory (VIL), Virtual Recipe-like Laboratory (VRL) and Authentic 
Recipe-like Laboratory (ARL) except for chemical kinetics topics. This result may be because the pre-service science 
teachers in ARL were instructed the first topic in their current learning environment based on a traditional recipe-
like laboratory approach; the other groups were trained in different learning environments for the first time. In 
view of this, it was thought that the pre-service science teachers in VRL, VIL and AIL focused on their new learning 
environments rather than the learning issue. For this reason, their alternative conceptions could not be remedied 
as was required.  

According to the results, the influence of instructional treatment on understanding depends on whether the 
learning environment was authentic or virtual. Therefore, the influence of instructional treatment on understanding 
is different for authentic and virtual environments. For example, while the instructional treatment of AIL and VIL 
was a guided-inquiry-based learning approach; AIL had higher mean score than VIL in the post-GCCT. Similarly, 
while the instructional treatment of VRL and ARL was the traditional recipe-like approach, VRL had higher mean 
score than ARL in the post-GCCT. It was also found that mean scores of groups were arranged in the order AIL, 
VIL, VRL and ARL. These results indicated that the pre-service science teachers’ conceptual understanding was 
better for the authentic inquiry-based laboratory environment than for the virtual inquiry-based laboratory 
environment and virtual recipe-like experiment than for the authentic recipe-like experiment. In addition, the 
guided-inquiry-based learning approach was more effective than the traditional recipe-like approach in promoting 
the pre-service science teachers’ conceptual understanding. The pre-service science teachers achieved knowledge 
themselves using their high level thinking skills such as formulating a hypothesis, planning an experiment, 
interpreting and inquiring findings in the inquiry based learning environment. In addition, the pre-service science 
teachers only followed their recipes for conducting an experiment, they did not achieve new knowledge themselves 
and they only proved it in the traditional recipe-like environment. In the literature, research has compared the 
inquiry-based learning approach with the traditional approach and they agree with the results of the present study 
(e.g. Akben, 2015; Almuntasheri, Gillies, & Wright, 2016; Buckner & Kim, 2014; Franklin et al., 2015; Hemraj-Benny 
& Ian Beckford, 2014; Hsiao et al., 2017; Kaya & Yilmaz, 2016; Ozkan & Bumen, 2014; Ramnarain, 2014; Yetişir, 
2016). Although the learning environments of VIL and VRL were virtual laboratories, VIL had no significantly 

Table 13. Wilcoxon Signed Ranks Test Results 
Group Post Test-Pre Test N Mean Ranks Sum of Ranks z P 

AIL 
Negative Rank 0 0.00 0.00 -3.628* 0.000 
Positive Rank 17 9 153.00   

Ties 0 -    

VIL 
Negative Rank 0 0.00 0.00 -3.625* 0.000 
Positive Rank 17 9 153.00   

Ties 0 -    

VRL 
Negative Rank 0 0.00 0.00 -3.634* 0.000 
Positive Rank 17 9 153.00   

Ties 0 -    

ARL 
Negative Rank 3 8.00 24.00 -2.062* 0.039 
Positive Rank 12 8.00 96.00   

Ties 2 -    
*Based on negative ranks 
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higher mean score than VRL in post-GCCT. This situation can be explained as the effect of the guided-inquiry-
based approach. In addition, the pre-service science teachers in VIL had an opportunity to communicate with their 
instructor during the instruction by GIBVL software. These properties make them more active. In addition, 
feedback gave them a chance to correct their mistakes. These situations can be effective in the understanding of the 
pre-service science teachers. In previous research, it was underlined that the interactive virtual laboratory provided 
an effective action-reaction process and learning became more meaningful in this way (Ozdener, 2005; Tatli, 2011; 
Trindade et al., 2002).  

Although instructional treatments of VRL and ARL were based on a traditional recipe-like approach, VRL had 
no significantly higher mean score than ARL in the post-GCCT. This situation can be explained by the effects of the 
virtual environment. The pre-service science teachers got used to conducting an experiment based on the traditional 
recipe-like approach because virtual experiments were different and interesting for the pre-service science teachers 
in VRL. Therefore, the pre-service science teachers in VRL focused more on the learning issue. Although virtual 
environments had different and interesting content and contributed to conceptual understanding by providing 
different learning environment experience, previous research that compared a real laboratory with a virtual 
laboratory had different results. Some of this research indicated that virtual laboratory instruction was more 
effective than traditional laboratory instruction in promoting conceptual understanding (Bakar & Zaman 2007; 
Bozkurt, 2008; Kennepohl, 2001; Tatli, 2011; Tuysuz, 2010). On the other hand, Bernard et al. (2004) and Cavanaugh 
et al. (2004) found that there was no difference between the contributions of virtual and traditional laboratories to 
students’ achievement. In addition, some of the virtual laboratory research emphasized that virtual laboratories 
had some limitations, such as interaction with laboratory materials and chemicals (Bucos et al., 2008), improving 
skills in this way (Carnevale, 2003; Diker, 2011). 

CONCLUSIONS 
The aim of the present study was to investigate the effect of four different learning environments, Authentic 

Inquiry-based Laboratory, Virtual Inquiry-based Laboratory, Authentic Recipe-like Laboratory and Virtual Recipe-
like Laboratory, on the pre-service science teachers’ understanding of chemistry concepts. According to the results, 
the Authentic Inquiry-based Laboratory was the most effective learning environment for the pre-service science 
teachers’ understanding and remedying of alternative conceptions except for chemical kinetics and the least 
effective one was the authentic recipe-like laboratory. For the instructional treatment, the guided-inquiry-based 
approach was more effective than the traditional recipe-like approach both authentic and virtual environments. For 
the learning environment, while the authentic environment was more beneficial than the virtual environment when 
it was supported by guided-inquiry-based learning; the virtual environment was more effective than the authentic 
environment when it was based on the traditional recipe-like approach. However, the virtual environment had the 
best effect when it was supported by guided-inquiry-based learning.  

In the light of results of research, it was concluded that guided-inquiry-based learning can be used in both 
authentic and virtual laboratories for improving conceptual understanding of chemistry concepts. In brief, if the 
learning environment is supported by the appropriate learning approach, it will be effective. A virtual laboratory 
can be preferred as an alternative to the authentic laboratory when dangerous, expensive or long experiments are 
conducted or there is no laboratory in the school. However, it was suggested that if virtual laboratory is used, it 
should be supported by active learning approach such as guided-inquiry-based learning. In addition, because 
students could not use their psychomotor skills in a virtual laboratory as mentioned by previous research, the 
authentic laboratory should be preferred by instructors. 
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APPENDIX 
Alternative conceptions were determined in this research. 

   AIL VIL VRL ARL 

  Alternative conception 
Pre Test 

(f) 

Post Test 

(f) 

Pre Test 

(f) 

Post Test 

(f) 

Pre Test 

(f) 

Post Test 

(f) 

Pre Test 

(f) 

Post Test 

(f) 

C
H

EM
IC

A
L 

K
IN

ET
IC

S 

Re
ac

tio
n 

ra
te

 

Reaction rate is the process of conversion from reactants 
to products 10 9 6 4 4 5 2 2 

The reaction rate indicates how much time a reaction 
takes to complete. 2 3 5 6 4 6 5 6 

C
on

ce
nt

ra
tio

n 
Ef

fe
ct

 

When the concentration of reactants decreases, reaction 
rate increases. 8 5 5 3 3 5 1 6 

As concentration increases, the number of particles per 
unit volume also increases; as a result, the particles’ 
motion area decreases and their collision becomes 
difficult. 

7 7 4 4 8 7 9 2 

Re
ac

tio
n 

ra
te

 
co

ns
ta

nt
 Reaction rate constant depends on the concentration of 

reactants. 4 5 7 7 7 4 10 7 

When concentration increases, effective collision increases 
and thus reaction rate constant increases. 4 5 7 6 7 4 10 8 

Su
rf

ac
e 

Ef
fe

ct
 When surface area increases, the reaction rate decreases 

for equal amounts of the same substances. 9 8 11 7 10 8 14 6 

When surface area increases, the molecules’ kinetic energy 
decreases for equal amounts of the same substances 
because the volume of reaction environment decreases. 

5 6 4 3 4 2 5 4 

C
at

al
ys

t E
ff

ec
t 

Catalysts do not affect reaction. 11 11 9 6 13 12 11 8 

Catalysts do not affect reaction rate because they do not 
run out in the reaction. 10 9 9 7 7 9 11 7 

Catalysts make possible the reaction to reach the 
equivalence point, fast. 2 2 4 5 6 5 5 1 

Catalysts provide more yielding reactions. 9 8 4 3 6 5 5 11 

Re
ac

tio
n 

m
ec

ha
ni

sm
 The reaction rate constant of the fast step is greater than 

the slow step’s reaction rate constant in a reaction that has 
two-steps 

10 9 10 8 13 13 13 9 

The reaction rate constant of the slow step is greater than 
the fast step’s reaction rate constant in a reaction which 
has two-steps because the reaction rate depends on the 
slow step. 

8 10 7 6 11 10 14 8 

Te
m

pe
ra

tu
re

 E
ff

ec
t 

When the temperature increases, the reaction rate 
increases in endothermic reactions and the reaction rate 
decreases in exothermic reactions. 

12 14 9 10 14 12 15 8 

The effect of temperature on reaction rate is in an 
enhancer direction in endothermic reactions and in a 
detractive direction in exothermic reactions. 

10 13 10 13 15 14 13 9 

When the temperature increases, the reaction rate 
increases very much in the endothermic reaction but it 
increases at first but later decreases in the exothermic 
reaction. 

8 10 6 6 9 10 9 6 

C
ol

lis
io

n 
Th

eo
ry

 Each atom in a molecule should come into a collision with 
any other atom in the other molecule for an effective 
collision. 

7 5 9 9 11 11 7 8 

C
H

EM
IC

A
L 

EQ
U

IL
IB

RI
U

M
 

Le
 C

ha
te

lie
r’

s P
ri

nc
ip

le
 If an intervention is made to a reaction that is at 

equilibrium at a constant temperature, the equilibrium is 
re-established by the concentration of the products and 
the reactants which are equalled. 

7 8 4 3 6 7 4 4 

If an intervention is made to a reaction that is at 
equilibrium at a constant temperature, the equilibrium is 
re-established because some substances run out in the 
reaction. 

5 2 5 3 4 3 1 8 

Te
m

pe
ra

tu
re

 
Ef

fe
ct

 

If the temperature increases, the reaction always favours 
the product in exothermic equilibrium reactions. 7 3 7 1 4 0 4 3 

Eq
ui

lib
ri

um
 C

on
st

an
t 

When the temperature increases, the equilibrium constant 
decreases in endothermic reactions. 4 1 6 6 4 4 4 3 

When the temperature increases, the equilibrium constant 
is not affected. 8 4 6 7 8 6 5 8 

When the temperature increases, the equilibrium constant 
increases only in endothermic reactions 8 2 8 1 7 2 3 5 

When the temperature increases, the equilibrium constant 
decreases only in exothermic reactions 2 5 3 4 5 4 8 0 
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     AIL VIL VRL ARL 

  Alternative conception 
Pre Test 

(f) 

Post Test 

(f) 

Pre Test 

(f) 

Post Test 

(f) 

Pre Test 

(f) 

Post Test 

(f) 

Pre Test 

(f) 

Post Test 

(f) 

TH
ER

M
O

C
H

EM
IS

TR
Y 

En
do

th
er

m
ic

 
Re

ac
tio

ns
 The activation energy for the reverse reaction is greater than 

the activation energy for the forward reaction in 
endothermic equilibrium reactions. 

8 9 8 3 5 6 8 7 

An endothermic equilibrium reaction reaches activation 
energy faster because it gets energy from outside. 4 3 5 3 4 3 4 3 

Re
ac

tio
n 

En
th

al
py

 Reaction enthalpy is the temperature difference between the 
system and the environment. 7 4 5 3 6 3 6 6 

Reaction enthalpy is the temperature difference between 
before and after the reaction. 7 4 8 5 3 5 8 1 

Reaction enthalpy is the temperature difference stored in the 
products’ and reactants’ chemical bonds. 6 5 7 3 10 7 6 10 

Bo
nd

 E
ne

rg
y The energy required to break the bonds in the reactants’ 

molecules is greater than the energy required for the 
formation of bonds in the products’ molecules in exothermic 
reactions. 

5 7 7 7 3 10 8 9 

The energy stored in chemical bonds is released by reactions. 3 2 5 2 6 2 8 0 

Ex
ot

he
rm

ic
 

Re
ac

tio
ns

 

The energy stored in products’ bonds is less than the energy 
stored in reactants’ bonds in exothermic reactions. 2 6 4 9 5 8 3 5 

N
eu

tr
al

iz
at

io
n 

H
ea

t 

A reaction that occurs between an acid solution and a base 
solution has greater heat of neutralization than a reaction 
that occurs between a solid base and an acid solution. 

 

7 3 4 4 6 2 6 5 

A
C

ID
S 

A
N

D
 B

A
SE

S 

Ti
tr

at
io

n 

pH is 7 at the equivalence point in the titration of strong base 
and weak acid 7 6 9 5 6 4 7 6 

Weak bases cannot be titrated with weak acids. 6 8 6 7 8 10 5 7 

pH is always 7 at the equivalence point in a titration in 
which a strong base is a titrant and a weak acid is an analyte. 6 5 7 5 6 3 5 9 

pH is always between 3 and7 at the equivalence point in a 
titration in which a strong base is a titrant and a weak acid is 
an analyte. 

5 5 5 4 5 8 9 8 

Weak acids/weak bases cannot be titrated. 4 2 6 3 9 4 8 7 

Any indicator changes colour at the turning point in a 
titration. 4 2 4 2 8 3 7 2 

Titration depends on only the neutralization of acid and 
base, the indicator is not important in the titration. 8 0 4 0 3 0 3 1 

Acid and base must be at an equal volume for titration. 3 1 5 2 5 0 5 2 

St
re

ng
th

 o
f a

ci
ds

 a
nd

 b
as

es
 

pH is the measure of acidity strength. 11 4 15 6 14 6 14 5 

The strength of acids is determined by a pH meter. 8 7 14 7 9 7 8 8 

The strength of acids is determined by the concentration of 
solution. 4 3 0 0 2 0 5 2 

If pH decreases, the strength of acids will increase. 8 5 12 5 7 7 7 9 

pH of strong bases is close to 14. 8 1 6 2 11 6 8 7 

If pH is close to 1, the strength of acids increases. 12 7 12 4 12 6 11 6 

In
di

ca
to

rs
 Indicators increase the reaction rate. 2 2 6 6 5 3 9 6 

Indicators decrease the reaction rate. 11 1 10 0 11 3 6 2 

Indicators provide an alternative way for the reaction to 
happen that has a lower activation energy. 6 3 9 3 7 1 11 3 

N
eu

tr
al

iz
at

io
n 

If an acid solution and a base solution are mixed in any 
amount, the pH is always 7. 6 3 6 6 5 7 7 12 

Neutralization reaction does not occur between weak acids 
and weak bases. 4 5 4 2 3 8 8 5 

If an acid solution at equal volume and concentration is 
added to a base solution, salt and water are always formed. 7 4 11 5 9 8 11 6 

If an equal amount of acid and base react, pH is always 7. 10 1 5 6 4 3 1 4 

If an acid solution at equal volume and concentration is 
added to a base solution, acid gives its H+ to base’s OH- and 
water is formed. 

6 5 4 3 7 7 11 8 

Neutralization occurs between only a strong acid and a 
strong base. 1 1 4 0 4 1 4 2 

If a base solution at any amount is added to an acid solution, 
the concentration of H3O+ is greater than the concentration of 
OH- in that solution. 

6 13 3 0 5 11 4 8 

If a base solution of any amount is added to an acid solution, 
the concentration of H3O+ is equal to the concentration of 
OH- in solution. 

5 1 4 3 2 5 0 2 
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    AIL VIL VRL ARL 
  Alternative conception 

Pre Test 

(f) 

Post Test 

(f) 

Pre Test 

(f) 

Post Test 

(f) 

Pre Test 

(f) 

Post Test 

(f) 

Pre Test 

(f) 

Post Test 

(f) 

A
C

ID
S 

A
N

D
 B

A
SE

S 

Eq
ui

va
le

nc
e 

po
in

t pH is always 7 at the equivalence point. 11 2 14 7 13 1 14 
6 

 

Solutions are always neutral at the equivalence point. 10 2 11 7 8 1 10 5 

pH is always 7 at the equivalence point because 
neutralization occurs fully. 

 
6 6 8 5 6 3 4 3 

A
ci

d-
Ba

se
 

Eq
ui

lib
ri

um
 If a base is added to an acid solution at equilibrium, the 

reaction favours the products. 6 7 5 4 8 6 13 7 

If a base is added to an acid solution at equilibrium, the 
reaction equilibrium does not change. 4 5 7 6 1 6 1 8 

Bu
ff

er
 S

ol
ut

io
n 

If acid/base is added to buffer, the solution’s pH is fixed at 7. 7 2 6 3 9 0 10 3 

Acid and its conjugate base should neutralize each other in 
buffers. 9 8 5 10 11 10 10 11 

If the acid component of the buffer is not strong, the buffer 
does not resist pH change. 4 3 5 1 3 1 1 1 

If a little amount of strong base is added to a buffer, the 
strong base and base component of buffer combine and pH 
gets closer to 14. 

13 1 8 2 12 6 9 8 

If a little amount of strong base is added to buffer, the base 
component of the buffer becomes a proton receiver. 4 2 4 7 3 5 6 3 

If a little amount of strong base is added to buffer, the base 
component of buffer takes a proton from the acid component 
of the buffer and it fixes [conjugate base]/ [conjugate acid] 

3 4 5 9 4 4 8 6 

If acid/base is added to a buffer, the pH remains fixed at 7 
because buffers neutralize acids and bases. 9 2 7 4 9 1 11 6 

EL
EC

TR
O

C
H

EM
IS

TR
Y 

C
el

l P
ot

en
tia

l The potential of an electrochemical cell is independent of the 
concentration of electrolyte in the half-cells. 8 1 9 2 6 2 8 3 

When electrolyte concentration increases, ion concentration 
and electron movement increase. Therefore, cell potential 
increases. 

5 6 6 10 8 8 4 10 

M
et

al
 

el
ec

tr
od

es
 

High reactive metals reduce, low reactive metals oxidize. 10 9 10 9 11 7 12 7 

If metals’ activity is high, their reduction potential is high 
but their oxidation potential is low. 2 5 6 5 7 4 11 4 

G
al

va
ni

za
tio

n 
an

d 
pl

at
tin

g 

Galvanization depends on the principle of electrolysis. 3 4 5 3 4 8 9 4 

In galvanization of iron with zinc, it must be energized for 
reduction of the iron electrode at the anode and oxidation of 
the zinc electrode at the cathode. 

8 3 5 2 7 0 6 10 

In galvanization of iron with zinc, during the process of 
reducing the iron electrode at the cathode and oxidizing the 
zinc electrode at the anode, energy is released. 

5 6 6 9 6 4 1 2 

In the process of covering a copper plate with tin, whose 
oxidation potential is greater than copper, tin is the positive 
and copper is the negative pole. 

11 4 12 4 9 3 7 9 

In the process of covering a copper plate with tin, whose 
oxidation potential is greater than copper, electrons which 
occur after the oxidation of tin at the anode go to copper at 
the cathode and they lead copper to be reduced. 

6 9 8 12 6 11 10 7 

In the process of covering a copper plate with tin, whose 
oxidation potential is greater than copper, electrons that 
occur after the oxidation of tin at the cathode go to copper at 
the anode and they lead copper to be reduced. 

4 2 8 12 5 1 3 4 

A
no

de
s 

an
d 

C
at

ho
de

s When the number of electrodes increases, reduction 
potential increases. 4 0 5 0 3 1 6 2 

The anode is positively charged and the cathode is 
negatively charged in an electrochemical cell. 4 0 4 1 2 0 2 0 
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