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motivation acts as a driving force to implement tasks that are used to understand 

chemical concepts (Moos, 2010; Olakanmi et al., 2016; Swain, 2012). Therefore, 

it is important to motivate learners to develop a positive attitude toward learning 

chemistry by providing different motivating strategies. Among the different 

motivating strategies, applying computer simulation and animation-integrated 

instruction is thought of as a pertinent one (Gambari; et al., 2016; Martinez-

Jimenez et al., 2003; Srisawasdi, 2015; Swain, 2012).  

Chemistry teaching and learning process should be proactive, engaging, and 

learner-centered in order to improve learners s' motivation and conceptual 

understanding (Akçay et al., 2003; Vaino et al., 2012). Furthermore, to have 

meaningful chemistry instruction, it should be taught through hands-on activities, 

or through computer-assisted interactive approaches that fully engage learners 

during the teaching-learning process (Alemneh, 2022; Falvo, 2008). In chemistry 

teaching-learning instruction, learners are expected to understand the chemical 

concepts and build conceptual knowledge that is used to solve conceptual 

problems rather than applying a mere algorithmic approach (Koballa Jr et al., 

2000; Liu, 2005; Taber, 2002).  

As many chemistry concepts are complex and difficult to contextualize in the 

students' lives, students face challenges in constructing their knowledge and 

achieving meaningful learning (Aikenhead, 2003; Cardellini, 2012). To minimize 

the abstract nature and enhance a meaningful chemistry learning approach, there 

is a need to integrate the chemical concepts with the three levels of representation 

(Gilbert & Treagust, 2009; Jegede, 2007; Liu, 2005; Salame & Makki, 2021; 
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education. These scientific knowledge acquisitions should keep the gender 

dynamics in chemistry instructions and be free from gender stereotypes. Many 

research reports indicate the absence of significant differences between male and 

female students in science subjects in general and chemistry in particular 

(Mihindo et al., 2017; Oladejo et al., 2021; Sahranavard & Hassan, 2013; Yesgat 

et al., 2023). However, there are some studies, which indicate differences in the 

achievements of male and female students in science subjects.  

According to Ani et al. (2021), most male students outperformed female students 

in science-related subjects due to the psychological ability of male students to 

withstand difficult tasks compared to their female counterparts. Another research 

finding indicated that girls have poor self-confidence in their ability to perform 

chemistry practical activities as most of them (90%) believed that boys are better 

than them (Ssempala, 2009).  Similarly, the discoursed of Hanson (1997) cited in 

Mlekenyi (2009) indicated that females' attitudes about success and involvement 

in chemistry are socialized and embedded by the culture that tends to see 

chemistry as a field best left to males.  Other scholars indicated that male students 

show better performance in chemistry achievement tests (Abungu et al., 2014; 

Glory & Ihenko, 2017).  

On the other hand, Chijioke and Offiah (2013),  indicated that female students are 

better in chemistry achievement tests that focus on chemistry analytical skills. 

Research findings showed that students who possess high analytical skills also 

had good achievement, but girls are better than boys in their analytical skills, Pisa 

(2003) cited in (Chijioke & Offiah, 2013).  
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The abstract nature of chemistry requires a variety of learning strategies to 

enhance learners' conceptual understanding and motivation by minimizing 

learning difficulties associated with different topics of chemistry (Fensham, 1988; 

Hilton & Nichols, 2011; Kamisah & Nur, 2013; Sirhan, 2007; Taber, 2002; 

Zoller, 1990). Acid-base chemistry and stoichiometry are among the different 

contents or topics usually incorporated into the general chemistry course that can 

be taught at the college level and have different applications to everyday life. 

These topics are interrelated to each other and have several advantages for the 

knowledge acquisition and understanding of other advanced chemistry courses.  

Although acid-base chemistry and stoichiometry have many advantages, they 

have learning difficulties that hinder learners' conceptual understanding and cause 

difficulty in solving chemical problems (Anderson, 2020; Hand et al., 2007; 

Kousathana et al., 2005; Ross & Munby, 1991). In the learning of acid-base 

chemistry, there is a need to know the submicroscopic levels of representation for 

chemical concepts to understand it clearly from the observed macroscopic 

phenomena (Grifoni, 2021; Nuraida et al., 2021). The concept of stoichiometry is 

necessary to learn the quantitative relationship between reacting chemicals in 

different topics of chemistry, including acid-base reactions (Evans et al., 2008; 

Gupta, 2019; Hand et al., 2007). However, many learners have challenges 

understanding the concepts of stoichiometry and demonstrate only a surface 

learning approach (Agung & Schwartz, 2007; Pekdag & Azizoglu, 2012).  

Hence, to alleviate these and other similar epistemological problems, therefore, 

scholars suggest different alternative instructional strategies that enhance the 
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students are usually unable to identify the difference between strength and acidity 

or basicity in acid-base chemistry. Furthermore, students also have superficial 

concepts about the structural constituents of acids and bases, they simply call acid 

and base based on the presence of H and OH respectively (Hoe & Subramaniam, 

2016). 

The aforementioned ideas indicated that traditional instructions mainly promote 

the superficial learning experiences. Thus, there is a need of another appropriate 

instructional approach that helps students to learn meaningfully (Bransford et al., 

2000; Nkemakolam et al., 2018; Wodaj & Belay, 2021).  In my experience, I have 

also observed that most students are afraid of chemistry in general and acid-base 

chemistry in particular, and hence, they see chemistry as a difficult subject to 

understand. They develop anxiety (chemophobia) towards learning chemistry. 

Chemophobia impedes the learning of chemistry and causes incorrect perceptions 

about chemistry; the students become low achievers generally in chemistry (Eddy, 

1996; Eddy, 2000; Widanski & McCarthy, 2009). As a result, students develop 

misconceptions about acid-base chemistry theories, the strength of acids and 

bases, pH concept in electrolytes and non-electrolytes. For example, students 

experienced misconception about the theoretical difference among the common 

definitions of acid-base theories, they also assumed that pH of an acid is directly 

related with strength (Jimenez-Liso et al., 2020; Mubarokah et al., 2018). 

Research shows that students experience learning difficulties with chemistry 

because of their inability to visualize the structure and process at the 

submicroscopic level  (Chittleborough & Treagust, 2007; Dawati et al., 2019). As 
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of the study, and conceptual framework of the study. The third chapter provides 

the detailed methodology: research paradigm, research method, research design, 

sample and sampling techniques, data collection tools, research variables, validity 

and reliability of instruments, and method of data analysis. The fourth chapter 

provides the data presentation, data analysis, and data interpretation. The fifth 

chapter deals with the discussion and implications of the findings and chapter six 

provides a conclusion and recommendation of the research findings.  
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CHAPTER TWO: LITERATURE REVIEW 

This chapter presents a review of the empirical findings of previous 

research on chemistry education, and effect of simulation and animation-

integrated instruction on learners' conceptual understanding, retention, and 

motivation toward learning chemistry. The chapter also covers the gender 

differential effects of simulation and animation-integrated instruction on male and 

female trainees.  

2.1 The State of Chemistry Education  

Nowadays, educational theorists believe that learners should not earn 

chemistry constructs that are specific to the school curricula and are not used 

anywhere else outside the real world (Devetak, 2020). Furthermore, chemistry 

education should relate to day-to-day activities and can help the learners to 

manage and make sense of their lives to be part of school chemistry (Lee et al., 

2018). On the other hand, school chemistry teaching is highly criticized for being 

boring and lacking an interest causing mental weariness and is usually focused on 

context-free chemistry problems (Alam, 2020; Pagliaro, 2019). Such kinds of 

approaches cause acquisition of surface knowledge and are not used to understand 

the real world phenomena (Hugerat, 2020). The application of all-encompassing 

procedural knowledge to a certain problem hinders the achievement of goal-

oriented chemistry learning (Taber, 2017). This also makes the learner to 

comprehend rather than emotionally or intellectually penetrate their mentality 

(Mack & Towns, 2016). Such problems usually occurred due to the need of 
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2.2 Learning Difficulties in Chemistry Education 

Chemistry deals with structures, properties, and changes undergone in 

substances. It also deals about laws, theories, and principles that describe the 

phenomenon of changes in substances (Firdausy et al., 2020; Treagust & 

Chittleborough, 2015). The essence of appropriate chemistry education has a very 

significant roles in different science disciplines like medical science, textile 

science, printing technology, and chemical technology (Jegede, 2007). However, 

many chemistry concepts and phenomena are abstract and complex, which can be 

understood and communicated usually through the use of chemical 

representations (Erduran et al., 2007; Hilton et al., 2010).  

Chemistry is one of the most important subjects in science and contains several 

abstract concepts that are not noticeably applicable outside the classroom     

(Özmen, 2008; Stieff & Wilensky, 2003). One way of teaching for understanding 

is to have students engagement in an information processing and problem-solving 

activities focusing on real-world and daily-life experiences (Dori & Hameiri, 

2003). Another way is to charter visualization tools for enhancing conceptual 

understanding among students by integrating ICT into the curriculum (Barak & 

Dori, 2005). As a science, chemistry learning therefore requires active 

construction of knowledge that makes sense to new experiences (Mihindo et al., 

2017).  

Learning difficulties in chemistry can be attributed to the student's lack of a sound 

understanding of basic chemical concepts, and the lack of a solid foundation upon 
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Scholars in chemistry education have been trying to explain how students should 

be supported during chemistry instruction to understand chemical concepts. 

Understanding chemistry relies on making sense and explaining of the chemical 

aspects of the invisible and the untouchable phenomena that develop a mental 

picture to exemplify the submicroscopic nature of the particles in the substances 

(Kozma et al., 2000; Kozma & Russell, 1997). Experiences showed that 

inadequate understandings of fundamental chemical concepts have been reflected 

when the students were required to applying them in a chemical educational 

context at the submicroscopic level of matter. The submicroscopic level of matter 

is fundamental to almost every topic in chemistry and this explains the reason 

why its understanding is so important (Bransford et al., 2000; Cardellini, 2012; 

Freire et al., 2019). Research shows that an effective understanding of chemistry 

is achieved by being able to represent and interrelate the three levels of matter 

representation (Labarca & Lombardi, 2007; Treagust et al., 2002).  

The subject chemistry principally involves three levels of representation for a 

certain phenomenon called macroscopic representations, submicroscopic 

representations, and symbolic representations (Johnstone, 1991, 1993; Keig & 

Rubba, 1993; Treagust & et.al, 2003). The symbolic levels of representations 

comprise a large variety of pictorial or metaphorical representations. It represents 

meanings using chemical reactions, mathematical equations, and computational 

forms. On the other hand, the submicroscopic levels of representation comprise 

the interaction between ions, the movement of electrons, molecules, particles, and 

atoms that are believed to cause observable phenomena studied in chemistry.  
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concrete models (Copolo & Hounshell, 1995), and using technologies as learning 

tools model (Barnea & Dori, 1996) are the different instructional approaches and 

strategies. Among these approaches, using concrete models and technologies as 

learning tools seems promising because the learners can visualize their results. 

For example, viewing dynamic and three-dimensional animations and simulations 

created by technological tools could help students use submicroscopic and 

symbolic representations to describe and explain the chemical process (Kozma et 

al., 2000; Williamson & Abraham, 1995). 

Studies suggested that students who receive instruction including computer 

simulation and animations or visualizations of chemical processes at the 

molecular level are better able to answer conceptual questions about particulate 

phenomena (Banda & Nzabahimana, 2021; Cardellini, 2012; Vosniadou, 2020).  

2.3 Learning Acid-Base Chemistry   

 Acid-base chemistry is a fundamental concept in chemistry that has 

significant implications for everyday life. However, it is widely recognized as a 

difficult concept to grasp at the general chemistry level, and as a result, students 

often develop alternative conceptions (Anderson, 2020; Artdej et al., 2010; 

Jimenez-Liso et al., 2020). The root cause of this misconception is the difficulty 

associated with understanding the role of acid-base chemistry in introductory 

chemistry topics. For instance, concepts such as chemical equilibrium, chemical 

reactions, stoichiometry, the nature of matter, solutions, and more are primarily 

explored within the context of acid-base chemistry (Sheppard, 2006).    
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acid and dilute base solution respectively. On the other hand, strong acids are 

always concentrated, all salts are neutral compounds, and neutralization of acid 

and base always gives a neutral product (Kousathana et al., 2005; Mumba et al., 

2018). Other studies, (e.g. Sheppard (2006); Rohmah and Virtayanti (2021)) 

indicated that learners do not generally understand that pH is a measure of 

concentration in a solution rather than a measure of strength and they also 

perceived that the pH of salt solution is equal to 7. 

2.4 Learning Stoichiometry  

The understanding of chemical concepts as well as the ability to solve 

problems is important in the learning of chemistry and other sciences that rely on 

chemical knowledge (Wolfer, 2000). One of the fundamental goals of chemistry 

education is to acquire problem-solving skills that provide a solid foundation for 

conceptual understanding of different topics and subtopics of chemistry. 

Stoichiometry is a critical topic that underpins all aspects of chemistry and 

requires problem-solving abilities where a quantitative relationship among 

chemical species is necessary for a given chemical reaction (Evans et al., 2006; 

Okanlawon, 2010). Stoichiometry is the study of the quantitative aspects of 

chemical species in a chemical reaction and involves relating the quantity 

relationship of a substance to the number of other chemical entities, such as 

atoms, molecules, or formula units. In other words, it measures the proportions of 

elements that combine during chemical reactions (Wolfer, 2000). 
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these reasons, stoichiometry has become an important topic in the chemistry 

curriculum (Agung & Schwartz, 2007; Fach et al., 2007; Furio et al., 2002; Gabel 

& Bunce, 1994; Stojanovska et al., 2012). Stoichiometry consists of abstract 

concepts, which are important to study other chemistry topics that can only be 

visualized at the atomic level, then to understand the chemical phenomenon 

requires the integration of three levels of representation (Jusniar et al., 2019). 

Some scholars indicated that different concepts associated with different learning 

difficulties cause an alternative conception in the teaching-learning process of 

stoichiometry (BouJaoude & Barakat, 2003; Huddle & Pillay, 1996; Schmidt, 

1990). The common learning difficulties and associated misconceptions were as 

follows. The students were confused with the concepts of conservation of atoms 

with non-conserved molecules; students were unable to determine the limiting 

reagent in a given problem when one substance was added in excess; students 

were confused about the definitions and relationships among stoichiometric 

entities in general (Furio et al., 2002; Shadreck & Enunuwe, 2017).  

According to Shadreck and Enunuwe (2017), the recurring difficulties 

encountered by chemistry students in solving stoichiometric problems result from 

a lack of conceptual understanding of basic stoichiometric concepts. The common 

concepts  associated with learning difficulties are concepts of mole, the concepts 

of balancing chemical equations, identifying the limiting reagent, and mentally 

visualizing processes take place at the submicroscopic level (Mohafa et al., 2022). 

This study infers the use of other teaching strategies to the conventional method 

to enhance the learner's stoichiometric problem-solving skills. 
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Within the TPCK framework, there are interactions among the three main types of 

knowledge. Namely; knowledge of technology, knowledge of content, and 

knowledge of pedagogy (Koehler & Mishra, 2008). This means that the teaching-

learning instructions do not merely need the knowledge of the content but also 

need to distinguish the content from the features of the explanatory tools being 

used. Thus, the use of multiple representations becomes important in allowing 

students to distinguish these features (Chittleborough & Treagust, 2009; Higgins 

et al., 2012; Mccrory, 2014).  

Moreover, applying the TPCK framework helps to overcome the issues of 

teaching and learning difficulties in chemistry by visualizing the abstract nature of 

chemical concepts. Therefore, integrating computer-based technology with 

pedagogy helps the students concretize these abstract concepts of chemistry by 

explaining the submicroscopic phenomena from observed macroscopic 

phenomena (Engida, 2017). The advantage of particulate visualizations (static or 

dynamic) in the chemistry classroom is that they provide students with a view of 

the behavior and interactions between the chemical particles, which are often 

abstract and difficult for students to generate on their own. Therefore, these 

visualizations help to make the abstract interaction of atoms, molecules, and ions 

more concrete (Gabel, 1999; Williamson, 2011).  

Visualization-based instruction tends to lower the cognitive load- the amount of 

information that working memory can hold at one time- placed on the students 

(Johnstone, 2006, 2010; Tasker, 2005; Tasker & Dalton, 2006). In addition, with 

proper instruction, these visuals can help students make connections between the 
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virtual images for challenging and abstract lessons (Ezeudu & Ezinwanne, 2013; 

Gao et al., 2009; Yas et al., 2014).   

Simulation and animation are systems that contend with the actual idea of the 

system being animated and simulated and its chemical phenomena are defined as 

artificial material objects created or adapted for this intention (Almasri, 2022; 

Chernikova et al., 2020; Demissie et al., 2013; Fang & Tajvidi, 2018; Haryadi & 

Pujiastuti, 2020). Different scholars provide different meanings for simulations; 

however, in a wider sense; simulations are imitations of phenomena in the real 

world process. They are computational models of real or hypothesized situations 

or natural phenomena that allow users to explore the implications of manipulating 

or modifying parameters within them (Banks, 2005; Clark et al., 2009; Jabeen & 

Afzal, 2020; Ojha, 2016). Animation is the method of creating an illusion of any 

movement by using moving display images of 3D or 2D artwork. Applying 

simulations, students have the chance to repeat any incorrect experiment or to 

deepen the intended experiences. Moreover, the interactive nature of such 

teaching methods offers a clear and enjoyable learning environment (Ardac & 

Akaygun, 2004; Küçük & Böyükata, 2022; Wu et al., 2001). Plass et al. (2009) 

explain that simulation differs from statistic visualization (like a diagram in a 

textbook) because it is dynamic, and differs from a dynamic visualization (an 

animation) because it allows user interaction.  

Computer simulation is supposed to accept inputs incorporate those inputs into 

calculations or modeling, and present functional outputs. Moreover, other scholars 

use the term visualization to indicate that simulation permits interactive computer-









https://serc.carleton.edu/sp/library/demonstrations/index.html


   56 
   

Simulations are animated, interactive, and game-like environments where students 

learn through the exploration of models, and cause-and-effects relationships. They 

emphasize the connection between real-life phenomena and the underlying 

science concepts that are used to make the visual and conceptual models of 

scientists  which are accessible to students (Batuyong & Antonio, 2018; Perkins et 

al., 2006).  

PhET simulations are interactive learning environments that respond directly and 

immediately to input from the user (Haryadi & Pujiastuti, 2020; Salame & Makki, 

2021). Each simulation goes through an iterative design process to test usability, 

conceptual learning, and classroom testing. Research shows that the effective use 

of PhET simulations can lead to improved conceptual learning abilities of the 

learners (Eveline et al., 2019; Jabeen & Afzal, 2020; Stieff & Wilensky, 2003).  

 

Figure 2. PhET simulation for the preparation of Ammonia 

(Snapshot on http://phet.colorado.edu ) 

http://phet.colorado.edu/
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The PhET on Figure 2, above indicated that the symbolic and submicroscopic 

representations of the stoichiometric reaction of hydrogen and nitrogen to produce 

ammonia (weak base).  

Simulation supports students' participation in scientific inquiry by helping them to 

develop their questions, design experiments, create hypotheses, and present 

supporting data for their assertions (Küçük & Böyükata, 2022; Stieff & Wilensky, 

2003). Students build on their prior knowledge while they conduct their 

investigations, keeping an eye on and reflecting on their comprehension. Students' 

conceptual comprehension is developed, and connections to real-world 

experiences are made easier by the simulations. Pupils understand expert models, 

illustrate causal relationships, and collaborate across several representations. 

Furthermore, they draw links between formal scientific ideas and practical 

scientific experiences, viewing science as a means for comprehending the outside 

world.  

The PhET simulations let students take charge of their education by making 

science seem approachable and fun. This implies that students participate in 

practical scientific activities, develop their scientific literacy, and exhibit a 

heightened curiosity about the topic. Students feel more powerful when they are 

given the freedom to direct their scientific studies (Haryadi & Pujiastuti, 2020; 

Perkins et al., 2006; Yas et al., 2014). 
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on sensory information. In addition, without substantial conceptual knowledge 

(Barnea & Dori, 1996) and visual-spatial ability, students are unable to translate 

one given representation into another representation of phenomena (Keig & 

Rubba, 1993). Meaningful science learning requires conceptual understanding by 

engaging students to learn science rather than memorization (Adadan et al., 2010; 

Cook, 2006; Honey & Hilton, 2011; Ryoo & Linn, 2012). 

To help students to understand chemistry at the three levels, researchers have 

suggested a variety of instructional approaches, among the different approaches; 

technologies as learning tools seem to be one of the promising strategies. 

According to Widiyatmoko (2018), one way to achieve conceptual understanding 

is by using simulation and animation-integrated instruction. For example, viewing 

dynamic and three-dimensional animations and simulations created by 

technological tools could help students learn to use submicroscopic and symbolic 

representations to describe and explain the chemical process (Williamson & 

Abraham, 1995).  

Another study by  Dikmen and Tuncer (2018), and  Küçük and Böyükata (2022) 

investigated the effectiveness of computer-integrated teaching by reviewing the 

research conducted about the use of computers in teaching using the meta-

analysis method. Their finding concluded that computer-aided instruction 

effectively improved conceptual understanding to enhance academic achievement. 

Animation and simulation provide a visualization of a dynamic phenomenon 

when it is not easily observable in real space and time scales; when the real 

phenomenon is practically impossible to realize in a learning situation; and when 





























   80 
   

CHAPTER THREE: RESEARCH METHODOLOGY 

This chapter deals with the methodology of the study. It comprises the research 

paradigm, the study area and its rationale, the research design, the sampling 

procedure, and the sampling methods used by the study. In addition, it details the 

data collection tools, data collection procedures, and techniques used for data 

analysis. 

3.1 Research Paradigm 

The research paradigm refers to the theoretical or philosophical ground for the 

research work and is viewed as a research philosophy that informs the meaning 

and interpretation of data. It is a comprehensive belief or framework that guides 

the research practice in the field (Hughes, 2020; Kuhn, 1962; Maksimovic & 

Evtimov, 2023). There are different research paradigms that are used to guide 

different research approaches. Among the different paradigms, the post-positivism 

paradigm governs the current research approach. 

The post-positivism paradigm is based on the objective perspectives of the 

positivism paradigm but it allows the view and interpretation of the researchers to 

complement the shortcomings of the positivism paradigm (Henderson, 2011; 

Ryan, 2006; Wildemuth, 1993). It has the tendency to offer the use of more than 

one research method and technique to researchers in a study to view the subject 

studied from more than one directional angle or aspect. It allows the researcher to 

use multiple coexisting data collection methods according to the nature of the 

research questions (Clark, 1998; Crotty, 1998; Maksimovic & Evtimov, 2023; 
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examining the relationship among variables using statistical procedures. The other 

research approach is a mixed approach, which entertains both qualitative and 

quantitative approaches.  

This study followed a partially mixed methods approach in which the quantitative 

part was the most dominant and the qualitative approach was used to partially 

supplement the quantitative method. This means that the research employed a 

quantitative lead partially mixed method, because it followed both quantitative 

and qualitative data collection methods. 

 3.3 Research Design 

Research design is an inquiry within a research method that provides a specific 

direction or framework for the procedures in a particular research approach 

(Cohen et al., 2018; Creswell, 2014a). There are different types of research 

designs in a mixed research approach; among the different mixed designs, the 

research employed a concurrent partially embedded design. Since the dimension 

of mixing is partial, the design became a partially embedded design, and it used 

intra-method mixing data collection techniques.  

An intra-method mixing approach is the concurrent use of both the qualitative and 

quantitative components in a single method. For example, the concurrent use of 

closed-ended and open-ended items in a single questionnaire is an example of an 

intra-method mixing approach. This means that both qualitative and quantitative 

data are collected for a single research question, but here, the quantitative data 

was the dominant one and the qualitative data was used as a supplement to the 
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codes under the predefined themes were done to enhance data trustworthiness and 

credibility.  

3.4   Population of the Study 

This study was conducted at the Woldia College of Teachers Education 

(WCTE), in Amhara Regional State, Ethiopia. The number of pre-service science 

teacher trainees of the target population registered at the general science 

department of Woldia College of Teachers Education in the 2022/2023 academic 

year was 62 (27 females and 35 males), and they were assigned into two sections 

(GSDR11-1 and GSDR11-2) by the college registrar. The two sections have 

nearly similar academic mean scores in the 2020/2021 university entrance 

national exam; the mean scores were (GSDR11-1: female = 54.64, male = 55.97, 

average = 55.24 and for GSDR11-2: female = 53.06, male = 54.66, average = 

54.14). These academic records may imply that the trainees may have nearly 

similar academic backgrounds.  

However, out of 62 registered trainees, ten trainees (three females and seven 

males) dropped out of the program; thus, 52 (TG, n = 27 and CG, n = 25) trainees 

continued at the department during the intervention time. The ten dropped-out 

trainees shifted to Ethiopian universities to join the remedial program.    

3.5 Sample Size and Sampling Techniques  

The populations of trainees in the natural science department at the WCTE 

were manageable; thus, the study used a comprehensive sampling technique, 

which allowed including the entire population as research the participants. 
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animation-integrated instruction. The delayed test was used to evaluate the 

retention capability of trainees taught using computer simulation and animation 

integrated instruction in comparison with trainees taught with the conventional 

method alone. The test was prepared based on the principles of two-tier test item 

construction and specification. The first tier of the test focused on the concepts 

associated with selected topics with two to four alternatives, and the second tier 

focused on the reasoning ability to diagnose their conceptual understanding and 

had three to five alternatives (including one blank space as an alternative). It was 

developed based on David Treagust's steps (Duit & Treagust, 1995; Treagust, 

1986; Treagust, 1988; Treagust, 1995).The procedure includes three phases and 

ten steps, as given in Table 2 below. 

Table 2.  Steps Used for the Preparation of ABSCUT 

              Source:  Treagust (1988) 

The delayed retention test (delayed test) was prepared from the post-test of 

ABSCUT by reordering the position of the keys and the distractors, as well as the 

stems. 

Phase Title  Steps  

I  Defining 
the Content 

1. Identify the prepositional knowledge statement about acid-base and 
stoichiometry  
2. Develop a concept map for acid-base and stoichiometry 
3. Relate propositional knowledge to the concept map 
4. Content validation 

II 
Obtaining 
alternative 
conception 

5. Review related literature about acid-base and stoichiometry 
6. Conduct interview(used personal experience) about the difficulties of 
the selected contents 
7. Conduct multiple-choice content items with free responses (using 
personal experience) 

III 
Developing    
instrument 

8. Develop 20 two-tier items  
9. Design a table of specifications about the identified propositional 
knowledge statements  
10. Refine the test and make it ready for the implementation 
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questionnaire was calculated using Cronbach's alpha and was found to be 0.86, 

which indicated that the tool has high reliability (Pavot et al., 1991). 

For the qualitative part, trustworthiness was ensured for transferability and 

credibility by adopting well-established data collection methods and examining 

techniques for analyzing previous research findings that were used for  

supplementing purposes (Anney, 2014; Shenton, 2004). 

3.9 Intervention Procedures  

Before implementing the intervention, the researcher conducted a deep 

discussion about the purpose of the research and the way that was conducted with 

the college deans, the department head, the course instructor, and the research 

participant trainees. After the discussions, the college officials and the participant 

trainees signed the informed consent. The researcher adjusted a classroom with 

computers for TG by using the goodwill of the college dean and the department 

head. The department head and the course instructor briefly informed the 

treatment group trainees that their general chemistry course was arranged in 

another classroom that was convenient for the treatment process. The researcher 

provided short training and experience sharing to the course instructor to 

introduce how simulation and animation could be integrated into gapped lectures 

and cooperative learning methods during the treatment process.  

The pretest was given to gather information about the conceptual understanding 

of the trainees before the intervention. An independent sample t-test was run to 

analyze the pre-evaluation measures of the ABSCUT and CMQ and the results 
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showed that there was no statistically significant difference between the mean 

scores of the TG and CG at the 0.05 alpha value. These results implied that the 

TG and CG have nearly similar pre-existing conceptual understandings of acid-

base and stoichiometry topics and motivations for learning chemistry. 

The two groups were taught the topics of acid-base chemistry and stoichiometry 

in a series of lessons. The acid-base chemistry and stoichiometry parts of the 

general chemistry course that the trainees were taught are: the nature and 

properties of acids and bases; auto-ionization of water; dissociation and 

dissociation constants of acids and bases; hydrolysis of salts; methods of 

calculating pH and pOH; buffer solution; determination of limiting and excess 

reactants; and quantitative relationships in chemical reactions for seven weeks. 

Fortunately, the comparison and treatment groups were taught by the same 

instructor, who has more than 25 years of chemistry teaching experiences ranging 

from middle school to college of teacher education levels. 

The comparison group was taught the selected topics through the conventional 

(cooperative and gapped lecture) method alone, while the treatment group was 

taught the selected topics with a simulation and animation-integrated approach 

that create an interactive lecture demonstration. The instructor taught the two 

groups for seven weeks separately, three hours per week, by preparing separate 

lesson plans that showed the conventional approach and the integration of 

simulation and animation into the conventional method. I usually discussed with 

the course instructor about the implementation of the integrated instructions, and I 

tried to support him whenever he needed support in his daily activities. 
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Figure 7. Samples of Simulation and Animation Used during the Instruction 

 

 

 

Figure 7a.  pH is a Measure of the degree of dissociation but not the initial 
Concentration (Snapshot from PhET on http://phet.colorado.edu) 

http://phet.colorado.edu/
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Figure 7b.  Simulation that Shows pH can be Positive or Negative (Snapshot 
from Vlab  Simulation Software) 
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Figure 7c. Snapshot of Actual Classroom Instruction of the TG 

The simulation in Figure 7a showed that the pH of a strong acidic solution for the 

first picture is 1.99, whereas the pH of a weak acidic solution for the second 

picture is 4.50. The two solutions have similar initial concentrations but they have 

different pH that is caused by the different concentrations of H3O+ ions depending 

on the value of the degree of ionization of the acids. This indicates that, pH does 

not depend on the initial concentration but rather on degree of dissociation. 

Furthermore, students tend to connect the strength of acids with the degree of 

dissociation. The ability of students to analyze sub-microscopic representations of 

various acid solutions having the same concentration was done by comparing 

each sub-microscopic representation seen in a PhET simulation.   

Similarly, Figure 7b indicates that the pH of a certain solution can be either 

negative or positive, depending on the concentration. In the first picture of the 

figure, the pH meter indicates the pH of 10MHCl is -1.00, whereas the second 

picture of the figure contains 10M NaOH solution, and the pH meter indicates 
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(reads) a pH value of 15.00. This concept broadens the idea of the trainees 

bounded by the fact that pH runs from 0 to 14. Furthermore, Figure 7c indicates 

that the trainees in the treatment group have been learning parts of acid-base 

chemistry through interactive lecture demonstrations and cooperative learning 

methods using PhET simulation software. Similarly, Figure 8 indicates that 

conceptual stoichiometric approaches for the preparation of hydrochloric acid 

from hydrogen and chlorine.  

 

 

Figure 8. The stoichiometric Reaction of the preparation of HCl 

              (Snapshot from http://Phet.colorado.edu)  

The PhET simulation in Figure 8 above indicated that both the symbolic and 

submicroscopic representations were used for the preparation of hydrochloric acid 

using a stoichiometric reaction. In the first PhET simulation, the trainees were 

http://phet.colorado.edu/
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simulation and animation in a face-to-face discussion. In the discussion, the 

researcher confirmed that the trainees lack important prior information and skills 

about computer simulation and animation, which may cause contamination 

between the groups by disseminating information. Furthermore, none of the 

trainees had a personal laptop, and they had no opportunity to utilize a desktop 

computer at the college to practice repeatedly. Even though the trainees have an 

ICT course assigned, they usually learn the basic concepts of computers and have 

no chance to practice the skills.  

In addition, the principal researcher discussed this with the comparison group and 

informed them that simulation-integrated instruction would be provided for them 

at the end of the intervention to prevent psychological stress. Based on the 

information gathered from the trainees, the researchers assumed that any physical 

interaction between the two groups should not create significant contamination. 

3.11 The Scoring Method of the Conceptual Understanding Test Results 

 There are four main sorts of responses for correct and wrong answers for a 

two-tier multiple-choice test item pair. Among these, getting both answers 

incorrect is the lowest level of student understanding, while achieving both 

correct answers is the highest level of understanding and the two intermediate 

categories are incorrect and correct; correct and incorrect answers. Moreover, the 

scoring of this research employed a partial credit scoring approaches of the grade 

response model (Dawati et al., 2019; Satriana et al., 2018; Zhou et al., 2021). 

Furthermore, this partial credit-scoring model for the 20 two-tier multiple-choice 
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test items indicated that the maximum score a trainee achieved was 60 whereas 

the minimum score could be 0. 

Table 4. Scoring Category of Two-Tier Test Item 
 

 

 

  

Source: Dawati et al. (2019); Satriana et al. (2018) 

3.12 Data Analysis Techniques  

This section shows the data analysis techniques used for the current 

research. The data collected by the quantitative and qualitative methods was 

analyzed using quantitative and qualitative data analysis techniques. For the 

quantitative data, normality test was done using Kolmogorov-Smirnov and 

Shapiro-Wilk test to check whether each data was normally distributed or not. 

The significance level values of the Kolmogorov-Smirnov and Shapiro-Wilk 

normality distribution test are greater than the p-value (.05), as indicated Table 5. 

This indicated absence of significant differences within each data and they are 

normally distributed.  

 

 

 

 

 Answers  
First Tier Second Tier Scores 

Correct Correct 3 
Correct Incorrect 2 

Incorrect Correct 1 
Incorrect Incorrect 0 
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Table 5. Normality Distribution Test Results for Collected Data 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Ave pre-CMQ .122 52 .051 .956 52 .053 

Ave post-CMQ .085 52 .200 .984 52 .720 

pretest scores .094 52 .200 .970 52 .219 

posttest scores .133 52 .102 .966 52 .147 

delayed test .082 52 .200 .984 52 .711 

 

To come up with the conclusion, since the data are normally distributed, 

parametric tests were employed to analyze the quantitative data using SPSS 

version 26 software.  

The independent sample t-test was used to test whether or not statistical 

differences in conceptual understanding and motivation existed between the mean 

scores of the two groups and between genders in the TG. On the other hand, 

ANCOVA was employed for the analysis of the delayed test scores to investigate 

the retention capacity of trainees by controlling the post-test (ABSCUT) 

sanitization effect (taking the post-ABSCUT as a covariate) between the 

comparison and the treatment groups. It is useful when there are three or more 

variables involved in which one or two categorical independent variables with 

two or more levels; one continuous dependent variable, and one or more 

continuous covariates (the post-ABSCUT for this research) (Ary et al., 2012; 

Cohen et al., 2018; Pallant & Manual, 2007). 

Whereas, the qualitative data obtained from the open-ended parts of the 

questionnaire were analyzed using a thematic analysis approach through the 
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deductive coding principle. This data was used to supplement the quantitative data 

for the motivation variable obtained from the closed-ended parts of the 

questionnaire for the intended research questions. 

3.13 Ethical Consideration  

The research keeps any ethical cases; the researcher obtained consent 

agreements, from the participating trainees and the college officials. The privacy 

of the respondents' confidentiality and the freedom of the participants to write 

what they feel were kept secured. Based on the pre-discussion, the researcher 

arranged a revision class for the comparison group and revised the contents using 

simulation and animation-integrated approach. This could help the comparison 

group to be free from psychological stress and not to be academically 

disadvantageous. The researcher followed rules and regulations and did not 

engage in any misleading or plagiarism without appropriate acknowledgments. 

Furthermore, the researcher obtained ethical clearance from the BDU College of 

Science ethical regulation board after defending the proposal. 
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of the CG trainees had positive motivation about their learning of chemistry, and 

nearly 49.26% of trainees in the TG and 52% of trainees in the CG indicated that 

they wanted to upgrade to a higher degree in chemistry specialization. Generally, 

thematically coded trainees' response mean percentage results indicated that 

nearly 64.58% of the TG and 66.67% of the CG have positive motivation toward 

chemistry. These results revealed that the trainees in the comparison and 

treatment groups had nearly similar motivation towards chemistry before the 

intervention.  

The implication of the aforementioned result indicated that, it has some sort of 

similarities with the quantitative result obtained from the closed-ended part of the 

mixed chemistry motivation questionnaire. This means that the qualitative result 

obtained from the thematic analysis supports the quantitative results obtained 

from the closed-ended parts of the questionnaire. Some examples of the direct 

quotes of the trainees' responses to the open-ended questionnaires are given in 

Table 9 below. 
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Table 14. Independent Sample T-test for CU gain mean analysis between genders 
in the TG 

Levene's Test for  
Equality  

of Variances 
t-test for  

Equality of Means 

 F Sig. t df 
Sig. (2-
tailed) 

Mean 
Differen

ce 
Std. Error 
Difference 

95% Confidence 
 Interval 

Lower Upper 
    .890 .354 -.186 25 .854    .626 3.37 -7.56 6.31 

 

Table 14 shows that the independent sample t-test results for the conceptual 

understanding mean gain of male and female trainees in the TG, 

Female(M=14.77, SD=7.81), Male(M=14.14 , SD= 9.53,t(25)=-.186,  p = .854. 

Since, the sig. value (.854) is above the p-value (.05), so it indicated that there 

was no statistical significant difference in mean gain scores between males and 

females trainees due to the use of simulation and animation-integrated instruction.  

4.2.3 Effect of Simulation and Animation Integrated Instruction on Retention  

Four weeks later, after the post-ABSCUT, slightly modified ABSCUT 

(structurally reorganized without changing the concepts) was given to both groups 

as a delayed test. The result was analyzed using ANCOVA to investigate the 

retention capability of trainees in the TG compared with the trainees in the 

comparison group. 

Table 15. Descriptive Statistics of the Delayed- ABSCUT for the two Groups 

Groups Mean Std. deviation N 
Treatment 33.89 7.95 27 

Comparison 28.20 6.73 25 
Total 31.15 7.86 52 
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trainees are favored concerning to their motivation for learning under the contexts 

of simulation and animation-integrated instruction.  

To check whether the difference is really due to SAII, I tried to analyze the post-

CMQ scores between male and female trainees within the comparison group. The 

result indicated that there was no statistically significant difference between the 

male and female trainees in the comparison groups, male (M = 4.06, SD = .276), 

female (M=4.02, SD=.294), t(23)=.327, p=.746. This result confirms that the 

difference in motivation between male and female trainees in the treatment group 

is due to the simulation and animation integrated instruction. 
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score of the TG was higher than the post-ABSCUT mean score of the CG. The 

mean gain difference between the TG and CG shows statistically significant 

difference at the given alpha value (0.05), in favor of the TG.  

The current finding was consistent with the findings of Engida (2017); 

Hailegebreal (2012);  Liu (2005),  Nduudee and Arokoyu (2021), Nkemakolam et 

al. (2018), and  Udo and Etiubon (2011), who indicated that integrating computer-

based technology with pedagogy help learners to conceptualize the abstract 

concepts of chemistry and enhances their conceptual understanding of chemical 

concepts. The current finding is also in agreement with the findings of Kotokaa 

and Krieka (2014),  Lasisi et al. (2021), Plass et al. (2012), and Sentongo et al. 

(2013), who showed that effective and appropriate utilization of computer 

simulation for chemistry instructions that help the learners to gain a better 

comprehension of difficult concepts than the conventional methods of teaching. 

These different studies and the current findings showed that appropriate 

utilization of computer simulation and animation-integrated instruction enhance 

trainees' conceptual understanding in the learning of chemical concepts of 

chemistry in general and acid-base chemistry and stoichiometry in particular. 

The enhanced achievements of trainees in the treatment group could be the result 

of an enabling learning environment provided by simulation and animation-

integrated (Hussain et al., 2017; Renken et al., 2016). Such instruction provides 

an interactive learning environment for the learners and helps them master the 

chemical concepts of the topics. The enhanced conceptual understanding in the 

current research implied that SAII is appropriate instructional strategy over the 
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conventional method for the teaching-learning process of acid-base chemistry and 

stoichiometry. This could be explained by the fact that simulation and animation-

integrated instructions provide virtualized and interactive demonstrations for the 

abstract chemical concepts. This helps the trainees to comprehend concepts by 

allowing them to interact with them and actively engage in them to minimize the 

concept's abstractness. However, such opportunities are lacking for trainees taught 

with conventional methods alone in the comparison group. Similarly, Almasri 

(2022), Hennessy et al. (2006), and Jabeen and Afzal (2020) indicated that 

effective integration of technology into conventional instruction can promote 

student interaction and develop their spatial intelligence, that is used to enhance 

conceptual understanding of scientific concepts. 

However, the current finding disagrees with some previous scholars' ideas. For 

example, Winberg (2006) indicated that the use of simulation-based instruction 

creates a multimodal representation that causes split attention and increases the 

extraneous cognitive load on learners' working memory. This means that when 

inexperienced learners are exposed to computer simulation and animation-

integrated instruction, their attention would be focused on many entertaining 

visuals that make them to overlook the learning goals and lack concentration on 

the targeted concepts (Kalyuga & Liu, 2015). Another study by Kirschner (2002) 

indicated that instructions that involve visual representations can burden the 

limited learners' working memory by imposing a high intrinsic load that affects 

conceptual understanding. Other scholars indicated that animation-based 

instruction might not provide more benefits than the conventional method, since 
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dynamic information presentation demands greater cognitive processing capacity. 

This is because, sometime animation requires cognitive processing demands than 

static image information and, as a result, the cognitive connection can be lost 

during the animating instruction and may delay learning enhancements (Mayer et 

al., 2005; Spanjers et al., 2011; Tversky et al., 2002). Similarly, scholars like 

Schnotz and Grzondziel (1996) and Mayer et al. (2001) indicated that learners 

who used animation achieved lower results in content questions and conceptual 

understandings, and caused learning impediments than static images.  

Even though some inconsistencies reports were in the previous study, which 

might be due to contextual and methodological differences. This means that, some 

of them were done at middle and secondary schools and their way of deliver were 

teacher dominance pedagogy (whole class demonstration) but the current research 

was done at teachers Education College level and employed learning-centered 

pedagogy. On the other hand, the content selection for the SAII approach is 

critical because some contents may not necessarily requires SAII rather the 

learners can easily grasp their concepts in the contexts of statistic images. 

However, the current research selected contents, which have literature based 

learning difficulties and needs an alternative approach to their concepts. 

Therefore, the current finding indicates that simulation and animation could 

promote acid-base and stoichiometry learning with regard to conceptual 

understanding. Another rigorous advantage of the current research over the other 

previous researches was class size. To implement animation and simulation-

integrated instruction effectively, large class sizes and inappropriate 
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achievement, in favor of female trainees, this is due to prior learning manipulative 

tasks with the instructional animations (Kalyuga & Liu, 2015). There are also 

other scholars, whose findings are in agreement with the current findings. For 

example, Chen and Howard (2010) indicated that male students show more 

positive motivation toward chemistry as a result of simulation-based instruction. 

Similarly, Wasagu and Muhammad (2007) indicated that female and male 

students perform differently in technology-based instruction in favor of male 

trainees. This statistically significant different result would be a potential research 

issue for interested scholars in the future. 

Generally, even though some scholars' research findings disagree with the current 

research findings, the current researchers want to emphasize that effective 

integration of simulation and animation into conventional methods of instruction 

has a positive effect on the pre-service science teacher trainees' conceptual 

understanding and retention regardless of gender disparity. The emphasis also 

extended to remark gender differential effects do not have a statistically 

significant effect on conceptual understanding due to computer simulation-

integrated instruction if other extraneous variables (like prior experience 

difference) are controlled. Furthermore, the researchers want to emphasize that 

integrating computer simulation and animation into the conventional classroom 

has positive effects on motivation toward learning chemistry. In addition, the 

male trainees were more advantageous in simulation and animation-integrated 

instruction than their counterparts were. This difference may account due to 

female trainees believed that most chemistry challenged activities done 
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effectively by male trainees and developed lower confidence (Matunda Mlekenyi, 

2009; Ssempala, 2009). 

The difference between those studies and the current study may be the result of 

contextual and methodological differences between those studies and the current 

study that might be one potential research area in the future for interested 

scholars.   
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motivation is a latent factor, it can be enhanced by different motivational 

constructs using computer simulation and animation-integrated instruction in 

the classrooms. Therefore, the curriculum developers and curriculum material 

producers should integrate computer simulation and animation in the teaching 

learning materials to motivate trainees.  

- Chemistry curricular material writers (like textbooks) should effectively 

develop curriculum materials that are integrated with computer simulation and 

animation-based approaches to enhance learners' motivation to learn chemistry 

in general and to learn acid-base chemistry and stoichiometry in particular. 

- Chemistry teachers tried to employ SAII in their acid-base and stoichiometry 

instruction to help the trainees easily understand the intended concepts of acid-

base chemistry and stoichiometry.  

Limitation of the study 

Limitation associated with this research was the lack of adequate 

computers for the intervention process. The inadequacy of computers forced to 

have five or six students in a group; sometimes this may have some sort of impact 

during the intervention. If the number of the group members were lower, their 

chances of manipulating practice would be higher and their scores might be 

increased. 
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