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ii THE EFFECTS OF USING INTERACTIVE LABORATORY SIMULATION 

Abstract 

This study was designed to investigate interactive simulation in a high school biology class with 

a focus on whether interactive simulation technology had an effect on academic achievement, as 

measured by standardized assessment scores. Also, the study included a survey to measure 

student attitudes and opinions towards this technology and to determine whether there was a link 

between positive attitudes towards technology and assessment scores. The study was conducted 

on 68 female students from 11th grade in the city of Riyadh, the Kingdom of Saudi Arabia. Data 

were obtained through the use of an experimental design, conducted with a control group of 34 

students taught through traditional approaches. The experimental group of 34 students was 

taught using interactive simulation technology. The data were analyzed by assessing both groups 

of students comparing scores on the standardized unit assessments between the control and 

experimental group and analyzing the survey data from the experimental group. The researcher 

found that the experimental group had a significantly (6.2%) higher mean score than the control 

group, suggesting a positive relationship between the use of interactive simulation technology 

and academic achievement. The researcher also found that students in the experimental group 

who had a positive attitude towards the technology had, in general, higher scores than those who 

did not. Included is a literature review and discussion of the topic with implications for future 

research.  

 

Terminologies (key terms): virtual reality technology (VRT), interactive simulation 

Technology, Augmented Reality Technology, online, laboratory simulation, Technology, 

laboratory, Innovations, computers, 3D virtual environment and immersive education.
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Introduction 

The 4th - 5th century BC was the beginning of biological sciences. This is when people 

started to acquire some practical knowledge of biology, which they learned through planting 

many kinds of plants and taming and breeding animals. They also knew how to use many of the 

medicines and poisons from plants. At that time, the Egyptians mastered the autopsy and learned 

how to embalm their dead. Biology is the science that focuses on the study of life which gives us 

an understanding of organisms including ourselves and other living beings. Biology often 

overlaps with other sciences such as biochemistry, chemistry, medicine, physics, space biology 

and astronomy.  

Laboratory work is important in the study of biology through conducting laboratory 

experiments and analyzing organisms. As is well known, the role of the practical side and 

training in laboratory work performance is imperative to develop understanding of biological 

facts. Laboratory work is especially important in high school, where students begin to move 

gradually to embody the information through the use of their skills of observation and analysis. 

Through lab work, their abilities to make sound conclusions become better.  In addition, 

laboratory work raises the efficiency of learning and understanding of biological facts. Students 

can develop their knowledge derived from direct interaction with the natural environment. 

In Saudi Arabia, there is a lack of equipment and instruments used to conduct the 

traditional biology labs. This problem can be addressed through the use of technologies for the 

development of learning and teaching of biology. These techniques contain many educational 

advantages from which we can create an interactive learning environment that simulates reality. 

As Sauter, Uttal, Rapp, Downing, and  Jona (2013) have described, “Recent technological 

advances have led to increases in the use of tools that augment (or in some cases replace) hands-
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on science learning via interaction with a computer” (p. 37). These applications are virtualized 

labs and videos that make it easier for students to understand the processes by making concepts 

visible as well as interactive. The use of virtualization in experiments enables students to develop 

abilities and cognitive skills and provides them with accurate scientific observations.  The first 

use of simulation in education began in the 1930’s when the first flight simulator was introduced 

(Shudayfat, Moldoveanu, Moldoveanu, & Gradinaru, 2013). 

  According to Shim, Park, Kim, Kim, Park, and Ryu (2003) students play an active role 

in learning activities through virtual reality that allow them to explore and develop their 

knowledge through offering the educational resources for teaching biology. Moreover, virtual 

reality (VR) is one of a set of technologies that depends on more modern devices, which can 

increase the likelihood of the students’ interaction during the learning process. There is a wide 

range of sources available that provide interactive simulation technology in educational sciences, 

each of which contains a unique set of features that allow users to interact with the scientific 

content (Rehn, Moore, Podolefsky, & Finkelstein, 2013). 

Research Question 

The research question for the proposed study is: what are the effects of using interactive 

laboratory simulation in teaching biology on the academic achievement of Saudi high school 

female students, as measured by scores on unit assessments? The second question is: are there 

any differences in learning outcomes among students who are taught by the traditional method 

and students who learned by using the interactive laboratory simulation? Third, is there a 

possible relationship between the opinions and attitudes of the students in the experimental group 

toward technology and their scores on the unit test assessments, as suggested by survey data? 
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Significance to the Field 

The significance of this study comes from the importance of activating labs in the 

teaching of biology where many of the concepts, facts and relations are highly complex and 

abstract; hence, students are required to interact with the material to be able to understand it. This 

requires that learners be active in order to build knowledge for themselves. Many studies confirm 

that interactive simulation technology contributes to solving educational problems. These include 

the information revolution, the problem of non-observance of individual differences among 

learners and  the education problems that are associated with students and the curriculum. 

Moreover, this technology encourages students to learn by satisfying their need and their love for 

exploration through experimentation. The repeated attempts and errors when using simulation 

contrast to those of the traditional laboratories. For example, traditional laboratory experiments, 

such as dissection, can put students in a situation in which, if not performed properly, the 

experiment can fail and is unable to be repeated with favorable results due to limited resources. 

However, the use of simulation allows for multiple attempts without the fear of failure.  

This study will help to improve education in my country and will contribute to the 

advancement of the national education system in the Kingdom of Saudi Arabia through the 

monitoring of the effects of using interactive simulation technology, in teaching biology, on the 

academic achievement of the students. This may allow officials in the Ministry of Education of 

Saudi Arabia to focus on the positive use of technology and aspects of interactive simulation in 

teaching and open up new prospects of developing the education practices to be more efficient 

and effective to achieve all the learning objectives. According to Alturise and Alojaiman (2013), 

Saudi Arabia has invested much of money to develop and improve education by spending 

billions of dollars every year. 
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Personal Significance  

During my work as a biology teacher, I suffered from a lack of laboratory equipment and 

supplies for conducting experiments and tests. During that time, I started looking for a 

replacement for the laboratory. I found that technology can fill this role and more. In fact, I 

found that there are many technology-based learning tools. Digital and online resources provide 

interactive simulation technology tools which enable students to discover the secrets of the world 

by learning how things work, as well as, basic scientific principles. However, having no personal 

experience using interactive laboratory simulation, I was interested in investigating the 

differences in learning outputs among students who have learned in the traditional way as 

opposed to students who have learned by using interactive simulation technology. 

Purpose of Study 

The main purpose of this research is to determine the effects of using interactive 

laboratory simulation in teaching biology on the academic achievement of Saudi high school 

students as measured by scores on the unit assessment. The researcher aimed to see if there were 

any differences in learning outcomes among students who had been taught using the traditional 

method and the students who had learned by using interactive laboratory simulation. 

Furthermore, the study included a survey to measure student attitudes and opinions towards this 

technology and to determine whether there was a link between positive attitudes towards 

technology and assessment scores as measured through Likert scale surveys. In order to 

determine the value of interactive technology in the biology classroom, it is important to know 

what technologies are available and which best facilitate student learning. The following 

literature review addresses this.   
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Literature Review 

Much time, effort, and resources have been spent in the Kingdom of Saudi Arabia in 

recent years with the goal of improving education, with the ultimate goal being to create a more 

effective work force. Many research projects into education are currently being conducted in the 

KSA to determine how best to deliver instruction to its students and future adult citizens. With 

that goal in mind, one potential means to improve instruction may be through the use of 

interactive simulation technology in fields such as science in general and especially biology 

because of its complicated structures and concepts, in particular.  The research has indicated that 

interactive simulation technology has a number of potential advantages in the biology classroom, 

including reducing cost (compared to traditional laboratories), increasing interaction between 

students and content material, and improving student motivation, as students are given more 

freedom to explore their interest in the topic area independently through a more constructivist, 

student-centered classroom environment. 

Due to the limited scope of this research in terms of gender, age, and demographic, the 

focus of this literature review addressed current understandings of how interactive simulation 

technology can improve comprehension and acquisition of knowledge in the biology classroom. 

This literature review also will discuss the current research into the topic of interactive 

simulation technology and its relationship to constructivist classroom approaches versus more 

traditional methods. Finally, the author addresses the cognitive and social-emotional 

development of high school students, who are the focus population of this research.  

The literature that was reviewed had a direct influence on how this study was designed in 

that it helped the researcher understand the role that interactive simulation technology might 

have on the learning outcomes for the high school students being studied. 
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Theoretical Framework 

Constructivism. Constructivist theory in education is concerned with how knowledge is 

obtained by learners. Constructivism is in contrast with reductionism and behaviorism, which 

were the previously dominant theories of learning in the early-mid 20th century (Kelly, 1997), 

developed by such researchers as Pavlov and Skinner (Schweitzer & Stephenson, 2008). 

Reductionist and behaviorist theorists saw learning as being a stimulus-response cycle, where the 

teacher and expert would supply the answers and information. It was the role of the student to 

respond to the demands of the teacher when asked, and the teacher’s role was to set goals, and 

punish or reward responses through assessment scores or other means (Schweitzer & 

Stephenson, 2008). 

In contrast constructivist theorists believe that behaviorism minimized the role of the 

student. In fact, they argue that students are active participants in the learning process because 

they create their own knowledge of what is learned through individual interaction with the 

material (Bachtold, 2013; Huang, 2002). Dewey, (as cited in Huang, 2002, p. 29), believed that 

new knowledge was based on motivation to understand and solve a problem, so educators should 

work to create learning environments that involve real life situations, creative interaction, and 

discovery.  

There is no single set of constructivist teaching practices that all constructivists use, but 

reflection, peer-to-peer student centered learning, and hands-on exploration of learning tasks are 

typical constructivist learning techniques and practices (Schweitzer & Stephenson, 2008). Other 

researchers emphasize a confrontation with previously held beliefs and modifying these beliefs 

through interaction with learning materials as being part of the constructivist learning process 

(Bachtold, 2013). Gordon (2009) summarized the goal of constructivist environments as to 
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“promote experiences that require students to become active, scholarly participators in the 

learning process” (p. 39). In these environments, teachers are typically seen as facilitators or 

guides rather than directors (Huang, 2002).  

Constructivism in the Science Classroom. Much research has been done in the field of 

constructivism in the science classroom, with two types of constructivism most often being 

researched: Piaget’s Personal Constructivism (PC) and Vygotsky’s Social Constructivism (SC) 

(Bachtold, 2013). Bachtold (2013) highlights three main differences between PC and SC as 

follows: PC is about individual learning, while SC is based on group learning and PC is focused 

on learning through materials and environment while SC is focused on the social group 

environment. Thirdly, “PC pays attention to concepts and knowledge constructed by the 

individual in order to organize her/his experiential world, whereas SC focuses on language . . . to 

enable communication among learners” (Bachtold, 2013, p. 2485). 

This study’s lessons are based on the Personal Constructivist model of encouraging 

students to learn concepts through the use of individual learning goals and interaction with 

material and problem solving. The use of interactive media, though not hands-on in the 

traditional sense, has the advantage of both stimulating student interest and encouraging them to 

expand their range of knowledge through individual reflection. This reflection is encouraged 

through the freedom that they have to more deeply explore, as individuals, topics within the 

lesson of what they find the most interesting, or those that they need to know more about in order 

to master the material. Finally, the experimental groups’ lesson plans in this study were 

constructivist because the teacher’s role was as a guide and a resource and a means of checking 

understanding, rather than as the only source of correct information (as in the behaviorist model 
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classroom). In order to understand the role of constructivism and interactive technology, it is 

important to review the discipline of biology and the biology curriculum of Saudi Arabia. 

Biology as a Subject 

Biology is the science that studies the nature of living creatures. It is a field through 

which humans can understand all of the living things around them, including plants, animals, 

microscopic organisms, and so on.  Biology is not only about describing living creatures, it is 

also about how to apply that knowledge in a wide variety of contexts. The knowledge of biology 

helps develop communities through the preparation of its citizens into fields such as agriculture, 

medicine, biotechnology and genetic engineering; the benefits of this type of knowledge, and 

competent people in this field of study, are an immense benefit for a society (Kiboss, Ndirangu, 

& Wekesa, 2004). 

Researchers have proposed that there are other benefits for students, as well, in terms of 

their intellectual development. For example, Page and Reiss (2010) believed that biology has an 

impact on the development of the physical, emotional and intellectual person from childhood to 

adulthood, and knowledge of biology helps students to learn about responsible behavior, and to 

maintain healthy behaviors. Academically, many areas in a biology class curriculum overlap with 

other fields of scientific knowledge, particularly physics and chemistry. This overlapping 

knowledge provides an important opportunity to teach not only biology, but to contribute in the 

mastery of all scientific subjects in a wider variety of applications and contexts.   

Despite the abovementioned advantages, many schools and their teachers have found that 

teaching young people about biology can be challenging, for a number of reasons. In the field of 

education, researchers have found that teaching sciences can be problematic in terms of the lack 

of practical instructional tools, or perhaps, even more importantly, a lack of understanding as to 
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how correctly implement teaching best practices into the biology classroom (Kiboss, Ndirangu, 

& Wekesa, 2004). Saudi Arabia has been making changes in the curriculum in order to help 

teachers better teach their students, but simply introducing curriculum changes may not be 

enough when it comes to knowing how to teach or use technology in the classroom. 

Current High School Biology Curriculum in the Kingdom of Saudi Arabia. In order 

to help meet the needs of students, and to increase positive learning outcomes, the Saudi Arabian 

Ministry of Education implemented a newly developed curriculum for 11th grade students in 

biology as of 2011. The new text book associated with this curriculum contains a lot of 

biological concepts and many topics, but all of these topics concern vertebrate animals and 

humans (Biggs et al. 2009). The introduction section of the book mentions some characteristics 

of vertebrates that distinguish them from invertebrates. After that, the book illustrates all 

denominations under the category of vertebrates. These are organized into six units that are 

divided into sections that help to teach and test students. The goal of this curriculum is to 

develop students’ knowledge of the principles, concepts, and necessary skills to understand the 

functions of vertebrate body parts.  

The first three units address vertebrate animals, including composition and how they have 

adapted to their environments. The importance of biological diversity and food chains and their 

importance to humans are also discussed. The first unit deals with fish and amphibians; the 

second unit is about reptiles and birds, and the third unit concerns mammals.   

The next three units address some of the human body’s organs, in terms of their 

composition, functions and what students can do to stay healthy. Also addressed, is the way 

organs related to each other and function as a system. The fourth unit is the skeletal and muscular 

systems; the fifth unit is about the nervous system and drugs effects, and the sixth unit is 



 

 

10 THE EFFECTS OF USING INTERACTIVE LABORATORY SIMULATION 

circulatory, respiratory, and excretory systems. This curriculum covers some of the issues 

associated with the human body and how to stay healthy such as fostering cleanliness, following 

good habits, and preventing diseases. Therefore, the teaching curriculum in Saudi Arabia has a 

number of important goals that would be beneficial for students in their future lives, such as 

positive healthy habits and generating interest in science. Given the importance of the subject, it 

is important that teachers try their best to address and engage their students. The traditional 

method of teaching has been teacher-centered learning, which differs from more modern, 

student-centered learning in a number of important ways. 

Teacher Centered Learning in the Kingdom of Saudi Arabia. According to AI-Faleh 

(1992), the most commonly implemented teaching method in Saudi high schools is the 

traditional lecture method. Al-Faleh (1992) investigated whether there were any significant 

differences in achievement between students who had been exposed to open, discussion-driven 

classes or the traditional, teacher-lead, classes which focused on lectures in the biology 

classroom. His study was conducted with 10th grade students in three high schools in Saudi 

Arabia, one in the city of Taif, and the two others in the city of Riyadh.  

Based on his research, and comparison of test results between the control group 

(traditional learning method) and the experimental group (discussion-based method), Al-Faleh 

(1992) was able to draw a number of important conclusions about these strategies of learning. 

First, there were no significant differences between the applications of any methods in students’ 

educational attainment. Second, although the lecture class offered more structure and control for 

the teacher, students greatly preferred the discussions, as discussions promoted a sense of 

autonomy and a way to apply and demonstrate their knowledge in the classroom. The results of a 

survey to gauge student attitudes towards the two styles of teaching, lecture and discussion, 
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showed that 83% of the students preferred being taught by the discussion method. Al-Faleh 

(1992) believed that most students prefer the discussion method because of the style of activity 

and creativity that accompanied this process in the classroom. 

Finally, Al-Faleh (1992) proposed that despite the fact that students’ performance on the 

assessments in the study was slightly better in the lecture class, this alone does not make the 

lecture method superior. In fact, Al-Faleh (1992) proposed that the best method would be a 

combination of the two approaches to learning in the classroom to best meet the needs and 

preferences of the students and teacher. Using both methods enables the teacher to attract 

students with different personality types to participate in the classroom. The teacher must use his 

or her expertise and good judgement to combine both methods in a way that best fits the subject 

being taught. 

Current research into the teaching of biology in Saudi Arabia. In recent years, the 

Kingdom of Saudi Arabia (KSA) has spent much time, money, and effort to improve the 

materials and curriculum for its students. These changes have come across all subject areas, and 

include the study of biology. Suliman (2007) described the goal of teaching biology in Saudi 

Arabia as a move from simply memorizing and recalling information, to applying it in different 

situations and contexts. The new method of teaching biology is different because it takes into 

account the role of the students as active participants in their learning. The role of the teacher has 

also changed. The teacher acts as a guide for the students, by helping them take parts of the 

lesson, such as individual facts and observations, and apply them to broader contexts. This 

process helps the teacher to connect the concepts that are difficult to understand for students, and 

contribute to the student’ acquisition of abstract concepts that are difficult to learn through 

traditional teaching methods. 
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 This process promotes the learning of science through research and encourages the 

student to think critically. Through this process, the students can investigate, survey, explore, 

compare and research topics, all with the goal of both promoting area content knowledge and 

critical thinking skills. These higher order thinking skills lay the groundwork for students to 

arrive at their own understandings, through observation and reasoning skill. In the traditional 

lecture style of teaching, the answers and ways to understand a concept is through the teacher as 

the provider of knowledge in the class. The expectations of the students in the curriculum have 

also changed in terms of how student knowledge is assessed. The focus for assessment and 

exams used to be on recalling small details and facts. Now, students are expected to be able to 

explain and understand the way things work, as this creates a more complete, longer-lasting 

knowledge of the topic.  

Experts in the development of new biology curriculum in the KSA have suggested that 

educators teaching this subject apply a learning quintet cycle (Aledidan 2009). This cycle 

consists of five elements, namely: engagement, exploration, explanation, expansion, and 

evaluation. When a teacher teaches this process, she must organize the lesson into five steps. 

First, engagement is created through the presentation of the problem, which makes the students 

want to try to solve it. Second, exploration is where the teacher gives students the materials and 

guidance to collect data.  This step is centered on the learner, and the teacher in charge gives 

students sufficient guidance and suitable materials related the concept to be explored.  

In the third element, explanation, the teacher directs students’ thinking, so that students 

are asked to provide her/him with the information they have gathered and processed. This helps 

them to organize their understanding and develop the appropriate language necessary to describe 

the concept. The expansion is the fourth approach in which the teacher promotes discussion and 
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development of the topic among the students to broaden their understanding and apply what they 

have learned. The teacher also answers questions from the students. The fifth and final stage is 

the evaluation stage where the teacher asks questions to students and waits for answers. Also, a 

student and her colleagues discuss the solutions reached and compare and evaluate their findings 

with the findings of their classmates. This process of lesson creation can be applied to all 

subjects, but is especially relevant to the sciences, including biology, as experimentation has the 

benefit of allowing students to apply what they have learned to hands-on, collaborative tasks. 

Laboratory Component. Hands-on laboratory experience has been shown to be an 

extremely beneficial part of learning biology (Aladjana & Aderibigbe, 2007). The laboratory is 

an essential component of learning and understanding science through the provision of the 

appropriate environment for action experiences. The laboratory and classroom environment is 

also necessary for active learning, which can be either physical or abstract (Aladejana & 

Aderibigbe, 2007). Researchers have proposed that giving students an opportunity to improve 

their laboratory skills enhances their awareness of ethical issues, health, and safety in sciences 

(Bonser et al. 2013; Flint and Stewart 2010). In addition, the existence of a comfortable and 

suitable laboratory environment helps to increase the students' curiosity, leading to creativity and 

success.  

Aladejana and Aderibigbe (2007) conducted a study in high schools in Nigeria in which 

328 students were chosen at random with the goal of trying to improve the quality of the 

laboratory environment and increase academic performance, as well as positively influence 

learning outcomes.  In this study, students implemented all the activities that were designed by 

the teacher. Aladejana and Aderibigbe (2007) were able to conclude that the laboratory was an 

important factor in learning that affected the academic performance of pupils in science. Also, 
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laboratory work helps the development of student skills such as observation, investigation, 

accurate reporting, creativity, and risk averse behavior.  

The authors explained that in Nigeria there is a lack of necessary equipment and materials 

for activities inside the laboratory such that it is not enough to do the experiments. According to 

Aladejana and Aderibigbe (2007) most of the schools suffer from the lack of equipped 

laboratories where there is a need to improve the environment of the science laboratory. The 

study suggested a high correlation between the quality of the laboratory environment and the 

academic performance of students, due to an improvement of science teaching and learning. The 

authors highlighted the importance of providing equipment and materials for laboratory activities 

and encouraging students' creativity by giving the student the opportunity to design and conduct 

experiments, with teachers providing support, suggestions, advice, ideas, feedback, and help to 

maintain safety standards. 

Many studies have pointed to the importance of change in biology lab courses to follow 

the traditional organizational experiences based on authentic research. The traditional approach 

to laboratory work has been criticized by some researchers as a being like reading a cookbook 

(Brownell, Kloser, Fukami, & Shavelson, 2012). This strategy provides instruction for students 

step by step, focusing on the ability of students to follow the steps one by one, rather than 

understanding the process conceptually and developing their own investigative approaches 

(Brownell et al., 2012). Instead of mearly following steps, students should be encouraged to 

develop hands on problem-solving strategies in science, and technology is one safe way to do 

that (Gabric, Hovance, Comstock, & Harnisch, 2005).  
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Technology-based Learning  

The development of modern technology has broken the traditional educational 

restrictions and opened new doors of understanding. Technology is a significant factor in 

improving the educational system through the role of innovation that provides nontraditional 

tools. These tools help expand the perceptions of students and enhance the learning process. 

There are some studies that have developed an innovative educational approach through the 

provision of nontraditional tools in the teaching of biology. 

Basaran & Gonen (2012) reported that connecting education and students through the 

Internet had a positive effect on academic achievement. The authors gave some suggestions for 

schools to help them achieve education through the Internet. For example, computer labs with 

fast Internet access should be provided and students should be allowed to use the computer 

whenever they need to during their time in school. 

Gabric et al. (2005) showed that the effective use of advanced technology and its 

integration in teaching biology in secondary schools creates an environment that allows students 

to be scientists in their classrooms. The researchers also conducted interviews with the students 

in order to understand their perceptions and attitudes towards the use of this technology in the 

classroom. The results showed that the technology enhances creativity among students and 

facilitates more productive learning. Also, students are encouraged to use technology-based 

learning to solve problems, which provides students with information and necessary materials, as 

well as basic computer skills. 

 There are a few possible problems that accompany the use of technology-based learning 

in the classroom (Gabric et al., 2005). For example, common problems include: a lack of 

computers for all students; hardware-related problems in older computers, such as being too old 
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to support newer programs; and a lack of expertise on how to use the devices and technology. 

(Gabric et al. 2005; Vera, Felez, Cobos, Sanchez-Naranjo, & Pinto, 2006). There were some 

obstacles to implementation faced by teachers in the integration of technology in teaching, which 

included the lack of knowledge of technology, economic support, and curriculum (Gabric et al., 

2005).  

However, if these obstacles are overcome and technological tools are available and 

students and teachers know how to use them efficiently, technology can offer a lot of support for 

students in the learning process (Gabric et al., 2005). That is to say, the challenges that might 

arise from the lack of technology can be overcome by the integration of technology-based 

learning where all technical and academic needs are met. Accordingly, the role that the use of 

technology can play in teaching biology is unlimited. In the following section the technological 

advancements and their role in improving education was discussed. This section addresses some 

studies which have fostered innovations in biology education, including interactive simulation 

technology and biology simulation laboratory (Gabric et al., 2005).   

According to Vera et al. (2006) technology-based learning can increase the participation 

of students in the learning process. Vera et al. (2006) state that there are some obstacles to the 

development of educational systems using technology such as the lack of knowledge of 

technology and expertise for teachers. For instance, there are many instructors who are not 

familiar with the use of technology. Vera et al. (2006) found that technology created a spirit of 

challenge between the researchers to determine an easy way to use technology to make it 

accessible to all types of users. 

Interactive Simulation Technology.  Adams, Reid, Lemaster, McKagan, Perkins, and 

Wieman, (2008) revealed that interactive simulation technology had received the attention of 
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educators, as a new addition to the classroom. The researchers determined that research into the 

ability of simulation to improve student understanding, and studies investigating how to  

effectively design programs and efficiently use of the technology, was very limited. This study 

described interactive simulation technology as: ". . . simulations [that] create animated, 

interactive, game-like environments that emphasize the connections between real life phenomena 

and the underlying science while making the visual and conceptual models of expert scientists 

accessible to students" (Adams, et al., p. 399, 2008).  

Dunkerton (2007) began an experimental stage for Salter’s Nuffield Advanced Biology 

(SNAB) program over a period of three years. This was an interactive website for students to 

learn biology outside the classroom. During these three years, Dunkerton collected regular 

feedback, reports, and exemplary materials. The results indicated that there was a clear sign of 

improvement, in general, for the overall average class grades of participants. In addition, the 

study showed an improvement in the cognitive skills of students through virtual learning outside 

of school. Moreover, this experience gave teachers the confidence to get out of the traditional 

approach and try to take advantage of all available sources of technology. Through a simulation 

provided by the web, students receive a unique opportunity to look at the importance of biology 

in the world outside the school that enabled them to learn scientific methods and technology 

being used by biologists in the real world (Dunkerton, 2007).  

While biology is a science that may not be inherently exciting to some students, 

technological developments such as computer simulations and interactive whiteboards make 

biology lessons more exciting and provide the opportunity for direct observation and detection 

(Tranter, 2004). Adams et al., (2008) examined the effectiveness of the project Physics Education 

Technology (PhET). PhET is a project that has more than 75 simulations and can help in the 
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teaching of science, such as physics, chemistry, and biology. The goal was to evaluate the 

effectiveness of interactive simulations and their ability to develop students' concepts about 

physics. More than 275 students were interviewed through the use of the thinking aloud strategy 

during their use of the simulations. This study revealed that the role of interactive simulation 

technology in teaching can provide a powerful learning environment that encourages students to 

have depth of understanding and exploration. When students use simulation routinely within the 

learning environment, they develop their interaction with the simulation to understand how, and 

why, the process demonstrated by the simulation works the way it does. 

Luia and Slotta (2014) conducted a study in high school on the immersive simulations for 

smart classrooms to create a simulated rain forest by using the EvoRoom program. The 

researchers used a co-design method, which means that the researchers worked with the biology 

teacher in high school to achieve the objectives of the study.  Results of the study revealed that 

the method used could simulate the participating students’ immersive environments of the 

rainforest ecosystem of Borneo and Sumatra, helping them to create and build on ideas about 

evolution and other difficult biological concepts. This environment helped the students to see the 

relationships among living organisms and their surrounding environment in terms of 

understanding and connecting scientific concepts to different contexts.  

The EvoRoom allows all designers, technology developers and science high school 

teachers to develop curriculum activities and create immersive and interactive environments. For 

instance, the interactive environments can be created using smart classrooms equipped with large 

screens, projectors, smart boards and computers. “We apply the notion of collective inquiry to 

address student learning needs within a mixed-reality environment that allows for face to face 

interactions with pertinent ‘awareness’ that is context-sensitive" (Luia & Slotta, 2014: p.62).   
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These environments provide students with every opportunity to interact with their environment 

and to gain scientific knowledge. This can be aided through the development of skills by 

observation and monitoring which are recommended to be used in working with a group of 

students. 

 A study conducted by Kiboss et al. (2004) investigated the use of technology for biology 

classrooms in three secondary schools in Nakuru, Japan. The purpose was to enhance the 

students’ understanding of the cell theory and improve students’ outcomes in the biology class. 

The researchers used Visual Basis software. In this study, there were three groups who were 

taught the same content on cell division for three weeks using the Visual Basis software. The 

results were grouped to assess the effectiveness of the program on the academic achievement of 

students in cell theory. Kiboss et al. (2004) used three methods to evaluate the performance of 

technology in the biology classroom. The methods included a test and two types of 

questionnaires, one about the biology classroom environment and the other to examine students’ 

attitudes about the program employed.   

According to Kiboss et al. (2004) the study results demonstrated that the interactive 

simulation technology programs improved student learning of cell theory. The academic 

achievement of the students who were taught using interactive simulation technology was much 

higher than their counterparts, who were prepared using the traditional program. The study 

showed that the use of the interactive simulation technology program can improve the method of 

teaching biology that has significant implications for secondary education in the field of biology. 

In addition, the applications of interactive simulation technology have an impact on improving 

the knowledge and the performance of the students in the biological concept of the cell theory. 

The lessons about cell theory may be difficult to teach and learn, but using interactive simulation 
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technology helped to improve the understanding, intellectual skills, and emotional behaviors of 

the students. The use of this technology engaged students in an interactive learning experience 

where they could be fully focused and enjoy their learning at the same time.  

 Interactive simulation technology is an efficient approach to education because it can 

transform complex lessons such as cell theory and cell division into exciting and easy lessons 

that are interesting.  Interactive Simulation Technology (Visual Basis) is the fourth generation of 

the technology able to create virtual environments. The language is interactive which makes it 

easy to assemble and implement activities for learners focused on the educational curriculum 

(Kiboss, et al. 2004). This technology can allow the program to identify the errors' location 

quickly and correct them as well as provide automatic completion and feedback for the users. 

Gabric et al. (2005) reported that virtual lessons are useful tools for supporting the curriculum 

where students are stimulated to think and act as scientists and researchers.  The following 

section sheds light on the biology simulation laboratories and their importance in teaching 

biology. 

Interactive Laboratory Simulation. Researchers have proposed that simulation 

laboratory environments are better than traditional laboratories to conduct some scientific 

experiments because of the specific features these laboratories have (Bonser, et al. 2013). 

Simulation laboratories contain resources, equipment and instruments with high quality, which 

work to facilitate the process of learning and make it more attractive to learners. Also, the 

simulation laboratory encourages collaborative work and supports peer learning. In addition, 

simulation laboratory provides opportunities for students to gain knowledge and a deeper 

understanding of science, which can be difficult to produce in the traditional laboratory without 

experience. 
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Gabric et al. (2005) reported that a simulation laboratory is a means that allows students 

to experience the scientific work in a school laboratory, because the use of simulation laboratory 

prepares and gives students experience. Furthermore, this helps students develop and manage 

their time during the actual physical laboratory experiments and offers information that students 

need to complete their work. The next section addresses some studies that have been carried out 

to examine the effect of using interactive laboratory simulation in teaching biology such as 

virtual microscopy, food microbiology, interactive dissection simulation, and interactive 

physiology simulation. 

Virtual microscopy. Bonser et al. (2013) conducted an introductory study to replace 

traditional microscopy laboratories in teaching botany. Virtual Microscope enables students to 

view and analyze the slides of plant cells and tissues. Also, there is a virtual library, so students 

can view them again at a later time.  All the slides use high-resolution digital technology and are 

of high quality. The software utilized in the virtual microscope is (MicroBrightField) that 

accurately simulates the use of a real microscope. The virtual microscope allows students to 

enlarge, change and transition to a virtual stage for the study of different areas of the slides. Also, 

the virtual microscope slide makes all the samples in the top part of the slide, which makes the 

movement smooth from one slide to another slide, which is the opposite of a conventional glass 

slide.  

Moreover, the virtual microscope allows students to add comments and observations on 

virtual slides.  The virtual microscope also allows students to make observations and to gain 

knowledge and understanding of complex lessons such as the structure and function of cells and 

other scientific ideas without the need for students to be proficient in the preparation of 

microscope slides. In the study by Bosner et al (2013), the goal of using the virtual microscope 
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was to increase students' interest in botany by raising the level of enthusiasm and satisfaction. A 

questionnaire was used to collect students' responses to explore their perceptions of the 

experience. This information was collected with assessment data. The study found that there was 

a rise in the students’ academic performance when using virtual slides, and that the virtual 

microscope was an efficient tool to increase student satisfaction in the introductory botany 

courses (Bonser et al. 2013). 

Food microbiology. Flint and Stewart (2010) conducted a study about microorganisms 

using interactive simulation technology. The Food Microbiology Laboratory project is a course 

based on laboratory tests and simulation technology. Microbiology Virtual Food is a scenario of 

food contamination tests. The goal of this project is to provide an opportunity for third year 

university food technology students to practice tests to identify the unknown organisms. This 

laboratory experiment required students to work through a series of diagnostic steps and select 

the test in order to identify contaminated microorganisms. Students could not move to the next 

level without providing the results. Moreover, when students made an error, the test required 

them to research the topic online before attempting to answer again. These virtual experiences 

helped the students to learn the characteristics of microorganisms. The results showed increased 

academic achievement of students. This laboratory enhanced students' knowledge and 

understanding of the diagnostic tests microbiology and microbiological contamination scenarios 

in the "real world".  

According to Flint & Stewart, (2010) the costs of establishing virtual laboratories and 

tools are very expensive, because of the costs for hardware and software, but are useful for 

educational institutions that do not have laboratory facilities or resources. However, the majority 

of virtual laboratories do not require the continuous purchase of consumables and laboratory 
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equipment, or salaries for support staff. Although there is a significant initial investment, virtual 

laboratories offer cost savings over the long term. 

Interactive dissection simulation. Interactive dissection simulation is an education 

technology that provides students with the knowledge and understanding of dissection. 

Interactive dissection is available online as a virtual learning environment (Predavec 2001), as 

well as available on CD-ROM (Franklin, Peat, & Lewis, 2002). While the experience of the 

dissection is not real, there are several advantages to this type of dissection. This technology 

allows students to view intact structures of a group of animals, which covers both sexes and all 

stages of development and provides students with the ability to review, and the opportunity to 

connect the names of the structures with their functions. This simulation enables students to 

perform the dissection procedure by using virtual scalpel. Virtual scalpel helps to explore the 

structure and function of the organs of the body that enhance students' understanding of the 

body's systems (Franklin et al. 2002). Moreover, this program offers students the pictures, 

videos, and animations of these structures (Predavec 2001; Franklin, Peat, & Lewis, 2002).  

In 1999, researchers conducted a study at the University of Sydney comparing the 

experience of 401 first-year undergraduate biology students, 233 of whom used a virtual 

dissection of rats, and 168 of whom used traditional dissection (Predavec, 2001). This study used 

three types of questions for assessing the goal, which were text, pictures, and questions about the 

physiology of rats. The results indicated that students who used the virtual dissection received 

higher marks than those using traditional dissection. 

Predavec (2001) believed that there were a few reasons for this increase in marks. First, 

the virtual dissection was flexible in terms of where and when the student could do dissection. 

Furthermore, simulation dissection provided precise visual structures, with the absence of 
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unpleasant smells and blood. Also, simulation dissection provided students with the ability to 

review, and the opportunity to be more able to connect the names of the structures and their 

functions. Overall, he believed the interactive simulation technology would be a useful tool for 

teaching biology (Predavec 2001). 

Another study was conducted by Franklin et al. (2002) in at the University of Sydney, 

using interactive simulation of a cat dissection. This study was done on 800 students from the 

first year of human biology. The goal of this study was to investigate both the use and benefit of 

dissection labs and computer-based dissection. For achieving the goal of this study Franklin, 

Peat, and Lewis used a qualitative and quantitative survey to get a student perspective about 

using virtual cat dissection and traditional dissection in enhancing learning.  

According to Franklin et al. (2002) the results indicated that most students find both real 

dissection and interactive simulation dissection to be useful. Also, all types of dissection can 

offer a variety of materials to provide students with a rich learning environment. However, about 

61% of the students agreed that the real dissection of the cadaver was an unpleasant activity. 

Therefore, some students prefer to use virtual dissection for ethical or sentimental reasons. 

Furthermore, the results showed that many students like using virtual dissection because it is 

more convenient and easier than real dissection, as it can be used for private study and the 

material can be accessed anywhere easily.  

Interactive physiology simulation. The interactive physiology simulation is a virtual 

physiology laboratory that provides an understanding of human organs such as the heart, blood 

vessels, and respiratory tract, through the use of interactive, 3D pictures, models, and other 

means. This simulation can replace traditional laboratories and can provide students with an 

active learning experience that requires them to engage in experimental designs as well as 
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provides exposure to "real life" research activities not possible in a traditional lab.  This 

technology provides many tools that make it superior to engage the students such as 3D pictures, 

interactive videos, and so on, (Dobson 2009).  

Dobson (2009) established a simulation technology program called the Virtual 

Physiology of Exercise Laboratory (VPEL) in a college classroom. This program was developed 

piecemeal through the existing preparation stages: following testing design, collection of data 

and exercise analysis. The VPEL program includes four main modules, which are cardiovascular, 

maximal consumption of lactate and ventilatory thresholds, and rate of respiratory exchange. The 

goal of this study was to compare the learning process of students using the VPEL program 

compared to the traditional “hands-on” exercise physiology laboratory activities. Participants 

were college students from the Integrated Fitness Programming course. The students were 

divided into two groups. The first group was the experimental group that did a hands-on version 

of laboratory activity and the second group did the VPEL module.  

After that, all the groups did the same assessment in order to measure their 

comprehension of V̇O2max laboratory concepts. In addition, the first group completed the VPEL 

lactate and ventilatory threshold module and the second group completed a hands-on version of 

that same activity. After that, all groups did the same assessment in order to evaluate their 

comprehension of lactate and ventilatory threshold laboratory concepts. The results indicated that 

there were no significant differences in the scores among the groups; all groups had a mean score 

of 85%. Also, Dobson noted that both virtual laboratories and hands-on laboratories helped 

students to learn effectively.  

While the participants for Dobson’s (2009) study were college students, there is research 

to suggest that high school students have different learning needs and motivations than college 
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students. The following section addresses the cognitive and social-emotional development of 

high school students, who were the focus population of this research. 

High School Students  

High school students are at the adolescent phase of development, which has significant 

implications for educators in terms of meeting their social, emotional, and intellectual needs 

(Steinberg, 2013). Students at this stage have different abilities and needs than their younger 

counterparts. For example, high schools students need to think seriously about future careers, and 

to develop the kinds of critical thinking skills that can help them as they develop through 

adulthood. According to Roaten and Roaten (2012), adolescent students in school environments 

need to have guidance from their teachers so that they can “be successful in academics, become 

well-adjusted socially and emotionally, and be prepared developmentally to make essential 

career decisions” (p. 3). In other words, teachers need to understand some of the essential needs 

and unique characteristics of adolescent students, in order to create and implement lessons that 

successfully address their learning needs in the circumstances of their cognitive and social-

emotional development.   

Adolescent Cognitive Development. Adolescent students differ in many ways from their 

younger counterparts. They are different in the things that they are capable of doing cognitively, 

socially, emotionally, etc. as they are more mature than younger children (Steinberg, 2013). 

According to Roaten and Roaten (2012), some of the more effective ways to engage adolescent 

learners and increase retention is through the use of strategies that allow them to use their 

increasingly mature cognitive abilities to find answers to problems in unique and unusual ways. 

Other researchers, such as Jones (1999) suggest using music, hands-on activities, and visual aids 

to increase learning (as cited in Roaten & Roaten, 2012). 
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As Information Communication Technology (ICT) has become a daily fact of life for 

everyone, but especially adolescent students, it has become increasingly necessary to discuss the 

role of technology in learning and development (Punamaki, Wallenius, Nygard, Saarni, L., & 

Rimpela, 2006).  Although researchers such as Punamaki et al. (2006) have found that 

technology can have a negative impact on student health through constant exposure and overuse 

of technology such as tiredness, posture, attention span, and muscular development, there are 

cognitive and academic advantages to carefully implementing technology in the classroom as 

well. Gabric et al (2005) reported that technology has several benefits, including: allowing 

students to study and explore ideas independently with increased satisfaction and creativity, to 

use problem-solving skills to analyze scientific questions, and to increased computer literacy.  In 

addition, virtual simulations have the additional benefit of being animated, so students have the 

ability to see and create changes in the simulation in a hands-on way (Adams et al., 2008). 

Adams, et al. (2008), in their research into the use of laboratory simulations on learning, held 

that a carefully planned and well-executed simulation can increase confidence, motivation, and 

understanding of the subject. Adams, et al. (2008) also stated that simulations need to be used 

with caution, as “there is a fine line between a fun simulation that stimulates learning and fun 

features of a simulation that distract the student from learning” (p. 410).  

Social-Emotional Development. One of the hallmarks of adolescent behavior is a move 

away from parent support and towards building their own social networks of peers and friends, 

which becomes extremely important to many adolescents throughout this time of their lives 

(Waters, Lester, Wenden, & Cross, 2012), in the development and maintenance of social health 

(Waters et al., 2012). Therefore, social health, as defined by Waters et al. (2012) as including, “a 

wide range of skills and attributes, such as . . . friendships . . . connectedness to peers, family, 
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teachers and school” (p. 191). Higher degrees of social health reduce the likelihood of 

adolescents engaging in unhealthy, risky behaviors, such as drug and alcohol abuse and more 

mature decision-making as they move from adolescence to adulthood (Steinberg, 2013). Social 

health can aid adolescents in the development of positive factors that are learned in adolescence 

critical to emotional well-being, such as self-esteem, autonomy, and decision making and 

problem-solving skills (Waters et al., 2012).  

A well-designed educational curriculum can never take the place of the role of parents 

and peer groups, but it can help create a more positive, cooperative learning and social 

environment that can have a positive impact on student feelings of belonging, achievement, and 

self-esteem (Kagan & Kagan, 2009). Technology has the ability to both encourage interaction 

and encourage autonomy. Through the use of student-centered learning strategies in a simulated 

laboratory or other virtual environment, students can cooperatively engage with materials, and 

problem solve. They can create projects and work together on virtual projects, such as 

dissections, which they may not be able to do otherwise (Adams et al., 2008). Technology and 

laboratory work also encourages students to develop metacognitive awareness to solve problems 

in their own way (Adams et al., 2008). Lab work allows students to truly experience and interact 

with the material, which promotes cognitive and psychomotor learning (Tan, Heng, & Tan, 

2013).  

This literature review was to describe the current high school biology class curriculum of 

the school where this research is to take place, as well as to explore and summarize some of the 

research that has been done on the advantages of incorporating technology, especially interactive 

simulations, into a biology curriculum. As the sample population of this study was high school-

aged students, literature describing adolescent cognitive, social, and emotional development was 
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also discussed. Literature exploring technology as a way to actively engage and motivate these 

students in a way that promotes autonomy, encourages exploration, develops learning and social 

skills, and other aspects that enhance educational effectiveness was also presented.  

Methodology 

This study was designed to investigate the research question: what are the effects of using 

interactive laboratory simulations in teaching biology on the academic achievement of Saudi 

high school students as measured by scores on unit assessments? The second question is: are 

there any differences in learning outcomes among students who are taught by the traditional 

method and students who learn by using the interactive laboratory simulation? Third, is there a 

relationship between the opinions and attitudes of the students in the control group toward 

technology and their scores on the unit test assessments, as suggested by survey data?  

In order to investigate these questions, two high school biology classes participated in an 

experiment. One class was the experimental group, which was exposed to the dependent 

variable, the interactive simulation technology material. The other class acted as the control 

group, which was taught using the traditional, lecture based approach. At the end of the study, a 

unit test, taken from the Kingdom of Saudi Arabia’s mandated biology curriculum, was given to 

each group. In addition, students responded to a Likert survey to indicate their opinions and use 

of the interactive technology. The resulting scores were compared to determine to what extent 

the above research questions were answered.   

Setting 

This study took place in an all-girls public high school, located in the eastern part of the 

city of Riyadh, Saudi Arabia. Riyadh is the capital and largest city of the Kingdom of Saudi 

Arabia. Riyadh is one of the fastest growing cities in the world. It is expanding in terms of area 

and population and currently has more than 5.25 million residents. The school district consists of 
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a number of schools that serve elementary, middle, and high school grade levels. As a public 

school, it is overseen by the Ministry of Education and the General Administration of Education 

in Riyadh. The school was established in 2009, and as a new school, it is modern and has up-to-

date technology, allowing the researcher to carry out this study. The researcher had no previous 

ties to this school. Approval was obtained from the Ministry of Education to conduct research 

there. 

Participants 

The study sample was composed of 68 female high school students in the 11th grade. All 

of the participants were from the kingdom of Saudi Arabia, and ranged in age from 16 to 18 

years old. The 68 students were from two classrooms, each with 34 students. One of the groups, 

the experimental group, was taught through the use of interactive simulation technology about 

the nervous system of the human body. The other, the control group, received traditional 

instruction. Both groups were taught by the researcher, according to the pre-arranged curriculum 

from the Saudi Arabian Ministry of Education. 

Design 

The biology class schedule consists of only two classes every week, with each class 

lasting approximately 45 minutes. The general method used by a biology teacher when teaching 

the nervous system in Saudi schools is a traditional lecture approach. The tools used by the 

biology teacher are a textbook, a whiteboard, and PowerPoint, which contains images of the 

topic being studied. In this study, there were two classrooms. For the control group’s class, the 

teacher used the traditional method and taught students the nervous system lessons during the 

entire study period. The experimental group’s lessons were taught in the computer lab, as it has a 

SMART board and 40 computers with internet access, where the researcher used interactive 
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simulation technology as tools to support students’ understanding through a contribution of 

interactive animations and videos. This technology gave students the opportunity to explore and 

learn everything about the lessons of the nervous system. Moreover, these tools encouraged the 

student to construct new knowledge that was difficult to learn through the traditional method 

because the students in the experimental group used authentic scientific tools. The researcher 

used interactive simulation technology throughout all the lessons. 

The duration of this study was over the course of three weeks, for a total of six classes, 

for the experimental group, and five class sessions for the control group. The reason for the 

difference in the number of classes was due to the fact that for the first lesson, the researcher 

needed an extra period to inform the students in the experimental group about how to use the 

programs, organize the students’ locations in the lab, teach the students how to open and close 

applications, and answer the students' questions. The control group did not need this extra class; 

hence, the different number of classes between the two groups.  

After the five classes of actual instruction for both the experimental group and the control 

group, the teacher tested all the students in both classrooms using the unit assessment from the 

Ministry of Education’s biology curriculum. The results from these assessments were then 

compared to determine whether there was a potential relationship between exposure to the 

intervention, the interactive laboratory simulations, and higher assessment results when 

compared to the control group. Finally, the researcher administered a survey to the participants 

of the experimental group to determine if there was a connection between satisfaction with the 

virtual, interactive, constructivist learning style and higher results on the assessments.  
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Interactive Simulation Technology Programs 

This study focused on the use of interactive simulation technology, which the researcher 

selected were from the Edumedia and Get Body Smart companies. (http://www.edumedia-

sciences.com/ar/) and (http://www.getbodysmart.com/). These two applications on the Internet 

allow users to view many of the interactive animations, which helped students to understand the 

difficult scientific concepts associated with the nervous system in a way that was interactive, 

engaging and motivating. Also, each of these programs enabled students to learn the concept of 

human anatomy and physiology by providing additional information, allowing them to explore 

topics of interest thus increasing their motivation (see Fig. 1 edumedia website & Fig. 2 Get 

Body Smart website).  Each has their own advantages and disadvantages. The researcher found 

that using the two programs (Get Body Smart and Edumedia), resulted in a better experience for 

students than one program could provide alone.   

The Get Body Smart website has the advantage of being free to use for all students and 

accessible at home or school at any time through any device with internet access. Unfortunately, 

Get Body Smart is entirely in English. While all students need to learn the vocabulary for this 

class in English, the instruction is in Arabic; therefore, some students may not be able to 

understand all of the concepts presented because of language barrier. Get Body Smart is aimed to 

educate health care professionals, so it is well organized and illustrates concepts very clearly 

through the use of models.  Even if there is a language problem for the students in the 

explanations, the models illustrate functions and relationships very well, perhaps better than the 

Edumedia website.  
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Figure 1. getbodysmart.com. 

  

Unlike the Get Body Smart website, the Edumedia website has been specifically designed 

for students. Some students may find it easier to use because of the pictures and user-friendly 

layout. The models are very effective, but perhaps the best advantage of the Edumedia program 

is that it is available in a variety of languages, including Arabic, which the students can change 

to suit their preferences. The disadvantages of using Edumedia is that the service requires a 

subscription fee, currently $5.00 per month, per individual at the time writing ($40.00 per year 

for individuals, institutional rate is $450.00 per year). In order to allow the students to have 

access to Edumedia while at home, the researcher bought a month long subscription for every 

student in this study, including a user name and password. Because it is a paid website resource, 

schools with limited resources might not have the budget to duplicate this study or provide this 

resource.  However, when compared to the cost of outfitting  science lab, the subscription fee is 

much less. 
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Figure 2. edumedia-sciences.com 

 

Data Collection 

Quantitative data was collected through the use of a formal post-intervention assessment 

of both the control group and the experimental group. The researcher gave the unit assessment 

used by the school system, which is administered to all 11th grade students in public schools in 

Saudi Arabia as part of the high school biology curriculum. This assessment consisted of 25 

items in all, including: eight multiple-choice, eleven short answer, three essay, and four critical 

thinking questions, and graded according to the point system detailed in the science curriculum. 

The students had one 45 minute class session to complete the test.  

Before the final assessment was administered, students were given a questionnaire to 

determine their level of interest and satisfaction in the interactive media biology classes, as well 

as their attitudes towards their experiences in the classroom, including whether the students 

engaged with the material outside of class. The researcher used a 5 point Likert scale survey to 

obtain this data, where a score of 5 was “strongly agree,” 4 was “agree,” 3 was “neither agree nor 

disagree,” 2 was “disagree,” and 1 was “strongly disagree” (Dantas & Kemm, 2007). Therefore, 
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the higher the score indicated a greater the degree of agreement with the statement and a more 

positive experience using the interactive technology. 

Data Analysis 

After receiving the data from the unit assessment, the researcher compared scores from 

both the experimental class and the control class. Scores were analyzed and organized by using 

numbers and graphs. Grade analysis was conducted for both the control and experimental 

classrooms’ students. This method of analysis made it easy to compare and answer the research 

questions. This country wide assessment instrument, and point value system, is taken from the 

biology science textbook used in this course, Biggs, Hagins, Holliday, Kapicka, Lundgren, 

Mackenzie, , . . . & Zike, 2009) (see Appendix F).  

To analyze the questionnaire data, the researcher created a chart using Microsoft Excel 

software, recorded the number of responses from 1-5 in the chart, and included an average score 

for each survey item. The individual student’s assessment scores were tracked and compared 

with their response scores to the survey items.  These scores were then compared to the students’ 

marks on the final assessment to determine whether there was any potential relationship between 

a positive attitude towards the learning programs and virtual models and achievement on the 

assessments. 

Final Assessment Format 

Multiple-Choice questions. There are a total of eight multiple-choice questions on the 

final assessment, which are worth a total of 8% of the final grade; each question has a value of 

one percentage point.  

Short Answer Questions. There are a total of eleven short answer questions, worth four 

points each, for a total of 44% of the final grade. While the point values for these questions were 
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set by the textbook company, the researcher needed to create her own grading rubric, as none 

was provided to her in the textbook materials or by the school. 

Table 1 

Final assessment short answer rubric* 

Point Value Description 

0 No answer given 

1 Response does not answer question asked, off-topic 

2 Response shows some understanding of general concept, but incorrect 

3 Response provides basic response, with minor details missing or incorrect 

4 Completely correct, accurate response.  

Note: Adapted from Liu and Slotta (2013, p. 74) 

 

Critical thinking questions. There are four critical thinking questions. Each question has 

a value of six points, for a total of 24% of the grade.  

Table 2 

Final assessment critical thinking questions rubric 

Point Value Description 

0 No answer given 

1 Response does not answer question asked, off-topic 

2-3 Answers are not accurate and do not address the required information in the items, 

or lack much detail. 

4-5 Answers are basically correct, though could be more precise, and may not have 

synthesized information completely accurately. 

6 Answers are thorough and detailed and address all parts of the questions. Student's 

responses include a solid analysis and links between concepts.  

 

Essay questions. There are three essay questions, with each question worth eight points, 

for a total of 24% of the final grade.  

 

 

 

 

 



 

 

37 THE EFFECTS OF USING INTERACTIVE LABORATORY SIMULATION 

Table 3 

Final assessment essay questions rubric 

Point Value Description 

0 No answer given 

1 Response does not answer question asked, off-topic 

2-3 Answers are not accurate and do not address the required information in the items, 

or lack much detail. 

4-5 Answers are basically correct, though could be more precise, and may not have 

synthesized information completely accurately. 

6-7 Answers are thorough and detailed and address all parts of the questions.  

8 Answers are thorough and detailed and address all parts of the questions. Student's 

responses include a solid analysis and links between concepts.  

 

The methodology to investigate this topic was a quantitative, empirical study in which the 

academic achievement of students in two high school biology classrooms’ was compared based 

on the scores on the school curriculum’s standardized unit test. The study was conducted on 68 

female students from 11th grade in the city of Riyadh, the Kingdom of Saudi Arabia. Data were 

obtained through the use of an experimental design, conducted with a control group of 34 

students taught through traditional approaches. The experimental group of 34 students was 

taught using interactive simulation technology. In order to measure the effect of teaching through 

interactive simulation technology on academic achievement, the researcher administered a 

standardized unit assessment to both the experimental and control groups of students.  The 

students’ scores were then compared between the control and experimental group and put into 

charts for easier analysis. To investigate the effect student opinions and attitudes had on their 

achievement and use of technology, Likert scale surveys were given to the experimental group. 

The student scores on these survey items were compared to their assessment scores.   

In the next section the researcher presents the findings of the unit assessments scores 

from the two groups and survey results, as well as the Likert scale survey results.   
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Findings 

This research project investigated the effect of interactive simulation technology on learning 

biology, with a focus on answering the following research questions:  

 What are the effects of using interactive laboratory simulation in teaching biology on the 

academic achievement of Saudi high school students, as measured by scores on unit 

assessments? 

 Are there any differences in learning outcomes among students who are taught by the 

traditional method and students who learned by using the interactive laboratory 

simulation? 

 Is there a relationship between the opinions and attitudes of the students in the 

experimental group toward technology and their scores on the unit test assessments, as 

suggested by survey data? 

To accumulate the data necessary to answer these questions, the researcher designated two 

classes to serve as a control group and an experimental group, then utilized a posttest assessment 

to compare results between the two groups.  

In addition to the posttest assessment to measure the effect of this technology on learning 

outcomes, the researcher gave participants in the experiment group, which had direct experience 

with the interactive simulation technology, a Likert type survey to determine their opinions and 

attitudes towards the less traditional, constructivist style classes with which they were familiar. 

The results of the assessments and the surveys are discussed in this section. Further, the 

researcher compared the attitudes of students with their grades on the level assessment in order 

to see if there is a connection between comfort and familiarity with the technology and 

evaluation results.  
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Assessment Results 

 After the three weeks of instruction about the nervous system, both the control group and 

the experimental group were given final assessments that were graded according to the rubrics 

and point scale systems described in the methodology section of this research paper. The 

researcher graded the assessments, counted how many students’ scores were in each ten point 

range. The results are described in Table 4, below. 

Table 4 

Unit assessment scores for experimental and control groups 

Group Range of Scores  

 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-100 Mean 

Experimental 0 2 3 0 3 3 5 18 81.1 

Control 3 0 1 4 3 5 6 11 74.9 

Range of scores is the number of students who received a score within the 10 point ranges. 

 

 Students in the control group, that did not receive the instructional intervention through 

the virtual technology, did not receive as high of grades as the students in the experimental 

group. The distribution of scores in the 90-100 range for students in the experimental group is 

much higher than that of the control group. Furthermore, the mean score for the experimental 

group is 6.2% higher. 

 An especially interesting finding from this research was the many (almost half) of the 

students from the experimental group who were graded in the 90-100% range of scores were able 

to spontaneously draw and accurately label diagrams to assist them in creating their essay 

answers. None of the students in the control group created any visual aids for themselves, instead 

providing accurate written answers for the questions, which were similar to the descriptions 

found in the textbooks. To summarize, while the experimental and control groups’ answers were 

quantitatively the same in terms of rubric scores, a few of the experimental group’s answers were 
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more complete and comprehensive, demonstrating a more independent understanding of the 

material than the control group’s textbook responses.  

Experimental Group Survey Results 
 

At the end of the second to the last class, the researcher gave the survey to the students in 

the experimental group to complete. The survey required approximately 5-10 minutes to 

complete, and consisted of 10 items to address four categories: level of comfort using the 

technology, opinions about how helpful the interactive simulation technology was, opinion of 

how challenging the material in the simulation technology was. Two questions about the time 

and resources used by the students outside of class to study the material were added as well. The 

results of survey are described below. 

Comfort. The first of the four categories that the survey was designed to address was the 

degree of comfort the students felt when using the technology and their opinion about the level 

and quality of training they received to use it properly. The majority of participants (21 of 34) 

either “strongly agreed” or “agreed” to the first prompt, “I felt comfortable when I used the 

interactive simulation technology”, eight neither agreed nor disagreed, and five had a negative 

opinion and either disagree or strongly disagreed. The mean score for this first item, 3.74, was 

the lowest mean value of any of the items, which suggested that perhaps more care and attention 

could go into the training of students in how to use this technology in future research.  

The next question, which addressed the participants’ opinion of training they received, 

had a higher mean score of 4.03. None of the participants strongly disagreed with the statement, 

and the number of students who strongly agreed was higher than for the first item.  
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Table 5 

Responses to questions about the degree of comfort participants had using the technology 

 

 

Survey Item 

 

Strongly 

Agree 

 

 

Agree 

Neither 

Agree 

Nor 

Disagree 

 

 

Disagree 

 

Strongly 

Disagree 

 

 

Mean 

 5 4 3 2 1  

I felt comfortable when I used 

the interactive simulation 

technology. 

11 10 8 3 2 3.74 

The training I received in using 

the technology was sufficient 

for me to feel successful with it.  

18 4 7 5 0 4.03 

Number of responses (n) = 34 

 

 Helpfulness of the technology for learning. Participants’ responses in this category 

were more positive than for the first. Only one participant strongly disagreed with one question, 

and the numbers of positive responses (“Strongly Agree” or “Agree”) were higher for all of the 

item prompts in this section. The highest rated score for this category was for the prompt “Using 

interactive simulation technology helped me to deal with new subjects”, which received a mean 

score of 4.38, with 29 of 34 participants giving a positive response. Furthermore the majority of 

participants (29 of 34) either “strongly agreed” or “agreed” to the prompt, “The e-Learning 

website helped me to learn the material better”. The item received a 4.03 mean score. The lowest 

rated item was for the prompt, “I could concentrate better when I used the programs, such as 

edumedia, than in my usual classroom”. For this prompt, 25 of the 34 participants gave positive 

responses. The item received a 3.94 mean score. The comparatively lower score for this prompt 

may be expected because while interactive simulation technology does have the advantage of 

being open and giving the students and opportunity to explore, it might also offer distractions 

and be less focused for some learners (See Table 6, below).   
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Table 6 

Responses to questions about participant opinion about the technology’s helpfulness 

 

 

Survey Item 

 

Strongly 

Agree 

 

 

Agree 

Neither 

Agree Nor 

Disagree 

 

 

Disagree 

 

Strongly 

Disagree 

 

 

Mean 

 5 4 3 2 1  

I could concentrate better 

when I used programs, such 

as edumedia, than in my 

usual classroom. 

13 12 4 4 1 3.94 

Using interactive simulation 

technology helped me to deal 

with new subjects. 

19 10 4 1 0 4.38 

The e-Learning website 

helped me to learn the 

material better. 

13 16 2 1 0 4.03 

Number of responses (n) = 34 

 Participant satisfaction with learning experience. Overall, students in the experimental 

group responded positively to the items related to participant satisfaction with the interactive 

laboratory simulation learning experience. No more than two students answered negatively to 

any of the prompts, and all of the mean scores were above four, which corresponds to “agree” to 

the prompts. Students gave especially positive responses to the prompt, “the e-learning work was 

intellectually stimulating”; 29 of 34 participants strongly agreed or agreed, and it received the 

highest mean score of any of the Likert-scale items in this study, with an average score of 4.41. 

Interestingly, the item with the lowest mean score in this category was perhaps the most 

important, that is, “Overall, I was satisfied with the quality of the learning experience in this 

subject”. This is the prompt that had the lowest number of students who strongly agreed and had 

the most negative answers, with one student marking “disagree” and one “strongly disagree”. 

(See Table 7, below).    
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Table 7 

Responses to questions about participants’ satisfaction with the experience 

 

 

Survey Item 

 

Strongly 

Agree 

 

 

Agree 

Neither 

Agree Nor 

Disagree 

 

 

Disagree 

 

Strongly 

Disagree 

 

 

Mean 

 5 4 3 2 1  

Using technology-based 

learning gave me additional 

information, knowledge and 

new skills. 

17 12 4 1 0 4.32 

 The e-learning work was 

intellectually stimulating. 

19 10 5 0 0 4.41 

Overall, I was satisfied with 

the quality of the learning 

experience in this subject. 

12 16 4 1 1 4.08 

Number of responses (n) = 34 

 

 Survey responses for use of interactive laboratory simulation outside of class. In 

addition to the Likert scale survey questions described above, students were also asked to 

indicate the frequency they used the interactive laboratory simulation technology outside of 

class, on a scale of 0 times to 5 times.  

The first item was, “How many times did you use the e-Learning outside of class?” The 

distribution of scores can be seen in Table 8, below. Most of students (28 of 34) used the e-

Learning website out of class at least once, and the majority used it two times or more (21 of 34); 

however, 6 of the 34 students did not use it at all.  

The second item, “In addition to the interactive technology, how many times did you use 

other aspects of the website to learn the material?” was answered much more negatively than the 

first question, with more than half (19 of 34) responding that they never used the other English-

speaking website (Get Body Smart) to learn outside of class. Also disappointing was that none of 

the students used the English language website more than three times.  
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Table 8 

Responses to the questions about the use of interactive simulation technology outside of class 

Survey Question Number of Uses 

 5 4 3 2 1 0 

How many times did you use the e-Learning 

website outside of class? 

4 4 6 7 7 6 

In addition to the interactive technology, how 

many times did you use other aspects of the 

website to learn the material 

0 0 3 6 6 19 

Number of responses (n) = 34 

Correlation between attitude toward technology and assessment scores 

Once the researcher had collected both the assessment data and the survey data from the 

control group, she could begin to compare the scores between the two sources of data to 

determine if the research suggested that there was a relationship between positive attitudes 

towards technology and assessment grades. The survey data was collected to investigate one of 

the research questions of this study: “Is there a possible relationship between the opinions and 

attitudes of the students in the experimental group toward technology and their scores on the unit 

test assessments, as suggested by survey data?”  

To make the data easier to compare, the researcher calculated the assessment scores of 

each student, then recorded them as a percentage. The researcher then took the survey instrument 

data from the first eight Likert-style questions and calculated each student’s score. This 

calculation was done by assigning a numerical value to each response, where a score of 5 was 

given to “strongly agree”, 4 to “agree”, 3 to “neither agree nor disagree”, 2 to “disagree”, and 1 

to “strongly disagree”. Thus, the highest possible score for this survey would have been 40 

points (8 questions multiplied by a score of 5, for 5 “strongly agree” responses), and the lowest 

would have been a score of 5.  She then calculated that score so that it was expressed as a 

percentage, by adding the survey scores, then dividing that number by 40, then multiplying that 
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number by 100. For example, a student who had all “agree” scores would have a score of 32 (a 

response value of 4, multiplied by 8 questions); 32 divided by 40 is .80, multiplied by 100 is 80, 

or 80%.  

Once these two sets of data were calculated, the researcher could create tables and figures 

to more easily examine the results. To better analyze the data into whether there was a 

relationship suggested by the opinions and attitudes of students toward technology and their 

assessment scores, the researcher divided the students’ assessments by percentage grade into 

three categories: students who got 100% on the assessment (6 students); high scores, which were 

at or over 90%, but less than 100% on the assessment (12 students); and lower scores, which 

were considered to be anything less than passing, or 60% (5 students). The researcher then took 

the scores and created tables to compare those scores with their corresponding survey answer 

percentages.  

Data for students with 100% assessment scores. Students from the experimental group 

who achieved a 100% assessment score had, as a group, the most consistently high survey 

scores. The lowest survey score for this group of students was S19’s score of 90%. This score is 

equivalent to a Likert scale score of 4.5, between a “strongly agree” and “agree”, and can thus be 

considered to indicate a high level of satisfaction, comfort and understanding of the technology 

used in class. Therefore, the data collected from six students would suggest that there is a 

positive relationship between assessment scores and positive attitudes towards technology.  
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Table 9 

Table of students with perfect (100%) assessment scores and their survey scores  

Student ID Assessment Scores % Survey Scores % Survey Question 

Mean 

S5 100 97.5 4.87 

S6 100 97.5 4.87 

S9 100 97.5 4.87 

S10 100 100 5 

S19 100 90 4.5 

S22 100 97.5 4.87 

 

Data for students with high (90% and higher) assessment scores. There were a total 

of 12 students who achieved a score of over 90% on this assessment. The survey results showed 

that students who qualified for being in this group had, in general, a positive attitude towards the 

technology. Only one of these students, S1, had a 100% survey score, and five students had a 

survey score above a 90%; therefore, half (six) of the students had a survey score at 90% or 

higher in this group. In addition, there were four students who had a score of 80% to 89% on the 

survey data. A score of 80% corresponds with a score of four, “agree”, on the Likert scale of 

responses, and can be considered positive. The researcher was surprised to discover that two of 

12 students in this group had a 62.5% score on the survey, which corresponds to a score of 3.1 on 

the Likert scale of responses, indicating an average response of “neither agree or disagree” 

opinion. This response, while not negative, cannot be seen as positive. This rating is especially 

surprising for S24 who had a near perfect score of 97.5% (See Table 10, below).  
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Table 10 

Table of students with high (90% or higher) assessment scores and their survey scores 

Student ID Assessment Scores % Survey Scores % Survey Question 

Mean 

S1 92.5 100 5 

S3 95 92.5 4.5 

S16 92.5 95 4.75 

S18 92.5 92.5 4.62 

S21 95 87.5 4.37 

S23 95 82.5 4.1 

S24 97.5 62.5 3.1 

S26 97.5 87.5 3.75 

S27 97.5 92.5 4.62 

S28 92.5 62.5 3.1 

S29 97.5 87.5 4.37 

S31 95 95 4.75 

 

Data for students with failing (60% and lower) assessment scores. There were six 

students in the experimental group who were unable to achieve a score higher than 50% on this 

assessment; three with a score between 40 to 50%, and two with a score of 30%. Generally, the 

survey scores for this group of students indicated a much lower opinion of interactive simulation 

technology than the students who had scores higher than 90% (see Tables 9 and 10, above). 

Interestingly, the survey scores for the students in the 40-50% range were all higher than 60%, 

which corresponded to a “neither agree nor disagree”, neutral response. Also interesting was that 

the students with the lowest assessment scores also had the lowest level of general satisfaction 

with the interactive simulation technology experience, with a score of 35% on the survey. This 

low score corresponds with a 1.75 on the Likert scale survey, indicating an average response 

between “strongly disagree” (a score of 1.0) and “disagree” (a score of 2.0). In the case of this 

group, the data would suggest that there was a relationship between the assessment results and 

the survey responses, as the students with the lowest survey responses had the lowest assessment 

scores.  
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Table 11 

Table of students with low (less than 60%) assessment scores and their survey scores  

Student ID Assessment Scores % Survey Scores % Survey Question 

Mean 

S13 48.75 62.5 3.12 

S14 42.5 62.5 3.12 

S25 47.5 67.5 3.37 

S30 30 35 1.75 

S34 30 35 1.75 

 

Laboratory Simulation Technology versus Traditional Learning Assessment Scores  

The researcher used a control group and an experimental group for this study in order to 

compare the results between students who had received instruction using the constructivist, 

laboratory simulation technology versus those who had been taught through the use of student-

centered learning, and to determine what effect the technology had on student achievement. The 

researcher found that students who had received the experimental group instruction with the 

laboratory simulation technology had a 6.2% greater mean score than the control group, which 

only received instruction using traditional methods. In addition, the distribution of high scores in 

the experimental group was generally more positive than that of the control group, with 26 of 34 

getting a score of at least 70 (18 of whom got between 90-100%), compared to 21 of 34 in the 

control group (only 11 of whom got between 90-100%).   

 In addition to the assessment data to determine academic achievement, the researcher 

wanted to investigate whether there was a relationship between the students’ opinions and 

attitudes of the students towards laboratory simulation technology and their assessment scores.  

The results of this study found that the effect of the laboratory simulation technology appeared to 

be positive; second, that there appeared to be a positive correlation between having classes with a 

constructivist approach that used laboratory simulation technology; and third, that there appeared 
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to be a relationship between students who had a positive response to the Likert style survey 

questions and assessment grades. Students who used the technology and were comfortable with it 

had higher grades than those who did not, and these students as a group had higher assessment 

scores than those who did not have use of the technology. These findings have implications for 

the use of laboratory simulation technology in the classroom.  

Discussion 

This study sought to answer the following research questions: 

 What are the effects of using interactive laboratory simulation in teaching biology on the 

academic achievement of Saudi high school students, as measured by scores on unit 

assessments? 

 Are there any differences in learning outcomes among students who are taught by the 

traditional method and students who learned by using the interactive laboratory 

simulation? 

 Is there a relationship between the opinions and attitudes of the students in the 

experimental group toward technology and their scores on the unit test assessments, as 

suggested by survey data? 

The purpose of this research was to investigate the effect, if any, interactive simulation 

technology had on academic performance for female high school students from Saudi Arabia, 

and whether the attitudes of those students who used the technology affected their performance. 

The researcher collected data on academic performance from a control group and an 

experimental group, and compared the final assessment scores to determine whether the 

interactive simulation technology was effective. The researcher also surveyed the students who 

were in the experimental group to investigate whether the students who had a better, more 
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positive attitude towards the technology, had higher assessment grades; she then analyzed the 

data to see if there was a possible correlation between the two. The implications of the data 

analysis of this study are discussed in the following sections.  

Differences in Assessment Scores for the Experimental and Control Groups 

The difference between the experimental and the control groups suggest that there was a 

correlation between using the simulation technology and higher test scores. The author was able 

to find two potential reasons for the differences in the scores between groups.  

One possible reason for the increased score for the experimental group’s students was 

that their class allowed them to use the technology at their own pace, allowing them to repeat and 

easily visualize the processes or aspects of the lesson that they thought was challenging. There 

might be several advantages to the repetition and exploration of the material. First, students are 

able to spend time on what interests them or what they think is difficult, they can avoid issues 

that they think are easy, go into more depth into what interests them, and take the time they need 

to understand the topic well. Allowing students to go at their own pace would help to make sure 

that they were engaged and learning with the topic without a sense of embarrassment of having 

to ask questions in a group setting, showing that they did not understand the material, slowing 

the pace of the class, or worrying about their teacher’s reactions to questions. So, in addition to 

allowing students to take the time to review and repeat with much greater flexibility than in a 

traditional lab class, this technology allows students to avoid competition or losing face in front 

of their peers. They can explore and review based on their individual needs.  

Students in the control group, however, would have to rely on either just their textbook or 

their teacher to give them information. Essentially, the experimental group got a new tool for 

learning that permitted them to use their knowledge and their own understanding to engage with 
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the important ideas of the unit. They could also visualize and explore the material in different 

ways, in addition to the book. Students in the control group had only their teacher to guide them, 

and she may not have been able to address the learning needs of every student in her class for 

every lesson.  

The differences in scores between the two groups could also be from the students in the 

experimental group getting a chance to engage with the material in a novel, more constructivist 

environment, which may have created more interest and motivation to learn and explore, 

compared to the traditional lecture method. As discussed in the literature review, constructivism 

is the concept that students are active participants in the classroom because they create 

knowledge for themselves through their interactions with the material (Bachtold, 2013; Huang 

2002).  

Studies into constructivism have suggested that there is a connection between 

independent learning and problem solving and learning in the science classroom through 

technology (Gabric et al., 2005; Brownell et al., 2012). The positive findings for this study are 

similar to the results found by Kiboss et al. (2004) in their study into the use of computer 

simulation software to teach cell theory, Bonser et al.’s (2013) study into the use of the virtual 

microscopy, Flint and Stewart’s (2010) study of the study of microorganisms in university 

studies, and Dobson’s (2009) research into the VPEL (virtual physiology of exercise laboratory) 

for college students. These studies all found that the introduction of simulated laboratory 

environments had a positive effect on student’s learning either by increased understanding and 

interest in the subject or through academic achievement as measured by assessment scores; the 

results of this study follow that trend.   
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Relationship between Attitudes towards Technology and Assessment Results 

To answer the third question of this study, that is, “Is there a relationship between the 

opinions and attitudes of the students in the experimental group toward technology and their 

scores on the unit test assessments, as suggested by survey data?” the researcher gave a survey to 

the students in the experimental group near the end of the experiment. Students’ scores were 

calculated into a percentage score for easier comparison with their assessment scores. The 

researcher then analyzed the data, finding that in general, students who had a higher rate of 

satisfaction with the technology, thought it was useful, and were comfortable using the 

technology had higher scores than students who were not positive about their experience. This 

was not the case for all students.  A few students who did very well on the exam had a neutral 

opinion of the technology and the experience. This surprising difference between the scores and 

the survey responses may have been a result of the students being generally good students who 

studied the material at home or preferred more teacher-centered instruction compared to the new 

way of learning that came from the laboratory simulation technology. Students with high scores 

and with this negative/neutral opinion were the minority, however.  

The general trend of the comparison of the student scores and survey data was that the 

higher the score, the higher the assessment grade, suggesting that students who had a positive 

attitude towards the laboratory simulation technology were more engaged with the material and 

thus able to learn more than those who did not or could not use it well. This positive relationship 

between attitudes about a technology and student achievement was also found by Dantas and 

Kemm (2007), who found that students in a physiology e-learning class who responded 

positively in surveys and interviews had higher scores than students who responded more 

negatively.  
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Implications for Future Practice 

The research implies that laboratory simulation technology may be an important, useful 

tool for teachers to use to educate their students in biology classrooms, not only for Saudi 

Education, but in other countries. Laboratory simulation technology is not free; it requires a 

certain investment from a school for the software, computers, desks, etc., but if the school 

already has a computer lab, these costs would be much reduced. The use of this technology could 

take the place or supplement the lab practice that schools already have. The simulations have 

some advantages over traditional laboratory classes, such as being accessible to students at all 

times and locations (not just when school is open or they are in class).  

Thus, a school that has a limited budget can have many of the practical advantages of a 

laboratory for all sciences (physics, biology, chemistry, etc) without the need of the expensive 

and sometimes dangerous tools and materials needed to do the tasks. One of the potential 

advantages of this type of class might be in helping less developed countries do experiments with 

hands-on activities, but at a limited cost. Many developing countries are behind in the sciences 

compared to developed nations, and one reason for this is the lack of materials and facilities for 

students to learn through experiments (Kiboss, Ndirangu, & Wekesa, 2004). In this way, less 

wealthy schools can have access to many of the same benefits of a complete laboratory facility; 

thus, this technology can be used to the narrow the differences in the gap between educational 

outcomes for poorer schools and countries and wealthier ones. 

Implications for Future Practice in Saudi Arabia 

 The higher assessment scores between the control group, which was taught using 

traditional, teacher-based methods, and the experimental group, which was taught through more 

constructivist methods, suggest that this technology has the potential to be a great tool for student 
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learning. The usefulness of this technology would not be limited to the study of the central 

nervous system in an 11th grade classroom; it could work well for the rest of the curriculum. 

Other laboratory simulation technology might meet the needs of the teachers from a variety of 

courses in the sciences, such as physics and chemistry. The possibilities of using the technology 

or having it supplement learning are great, especially considering the case of Saudi Arabia, 

where there is often a lack of facilities or materials for laboratory experiments, but typically 

computer labs; therefore, the initial cost of the laboratory simulation technology would be less 

than that of maintaining and supplying an entire laboratory experience for a number of classes of 

students.  

 However, teachers should be trained in how to incorporate these tools into the classroom, 

and how to monitor and encourage learning. As was seen from the survey data, not all students 

enjoyed the technology, and that could have had an effect on their scores. Care and balance must 

be used by teachers when employing these tools in order to make sure that the students are not 

wasting time in the classroom. Training should be given to teachers so that they know the best 

practices in how to add laboratory work into the classroom.  In other words, the technology is a 

tool; it is not a replacement for teaching.  

Finally, when the technology becomes more developed and more widespread throughout 

Saudi Arabia, students may be able to independently study, do assignments or extra credit work 

on smartphones or tablet-style devices with the teacher’s guidance inside and outside of school. 

The results of this study suggest that this technology has the potential to be very useful for 

student understanding and that it is a worthy topic of future research.  
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Limitations  

There were some inherent limitations to this study in terms of sample size and duration; 

however, there were other areas that could have been improved. The duration of the study was 

insufficient to confirm the effectiveness of outcomes using interactive laboratory simulation. 

Moreover, this intervention was applied using interactive simulation technology in the teaching 

of the nervous system, so it may be difficult to conjecture about the effectiveness of using 

interactive laboratory simulation to teach other scientific content areas.     

Another limitation to this study was the infrequent use of the technology outside of the 

school. Students simply did not use it, or used it very rarely when class was finished, as reported 

by the students in their survey responses.  

Recommendations for Future Research 

Future research could include ways to encourage use of the technology outside of the 

classroom, such as by using an application that was easier for the students to use or had some 

game element to it to judge student performance. The software used by this study, while 

adequate for the classroom, is a website that might not be seen as user friendly or engaging for 

the students. Researchers conducting future studies into the topic of interactive simulation in 

Saudi Arabia could try to find different applications in Arabic or English that are easier to use, 

have an interactive or gaming style element, include more direct problem solving activities and 

are more visually appealing to younger students. Interactive simulation technology is still 

developing. Future researchers will surely have a wider variety of programs to choose from when 

planning their studies. 

 The researcher conducted this study to investigate what effect teaching students in an 11th 

grade biology classroom in Saudi Arabia, using laboratory simulation technology, would have on 
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student learning, and whether there was a relationship between the opinions and attitudes of 

students in the experimental group toward technology and scores on unit test assessments. To 

better understand the topic and what previous research had been done, the researcher conducted a 

review of the literature.  

To collect data, the researcher first used a unit assessment for both groups, and then 

compared the test results. In addition, she also used a Likert style survey to measure the opinions 

and attitudes of students. Data was then recorded and analyzed. The researcher found that the 

students who received the instruction with the laboratory simulation technology had higher 

scores than the experimental group who were taught using a traditional, lecture based approach. 

In addition, students in the experimental group who had positive opinions towards the 

technology usually had higher scores than those who enjoyed the programs less. Finally, the 

researcher discussed the implications for practice, limitations and future research. 

After considering the advantages of laboratory simulation technology and discussing the 

data, which showed higher assessment scores for students in the experimental group who were 

given instruction with the technology in the classroom, the researcher recommends that teachers 

embrace laboratory simulation technology in order to best meet the needs of their students. 

Although care needs to be taken by teachers to encourage students to learn and engage with the 

technology, laboratory simulation technology has the potential to be a great learning tool with 

many advantages, but it needs to be used in a way to best affect the learning of students.  

Research has supported the claim that interactive simulation technology has a number of 

potential advantages in the biology classroom (Tranter, 2004; Adams et al., 2004), and the 

findings of this study have also come to this conclusion. The advantages of interactive simulation 

technology include: reducing cost (compared to traditional laboratories), increasing interaction 
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between students and content material, and improving motivation, as students are given more 

freedom to explore their interests in the topic area independently through a more constructivist, 

student-centered classroom environment.  

An engaging classroom environment can have a strong effect on achievement because it 

encourages students to explore and improve their understanding of the topic (Adams et al., 

2008), through making lessons more exciting and providing opportunities for direct observation 

(Tranter, 2004).  

The benefits of this technology go beyond the classroom. Grabric et al. (2005) suggest 

that students who use technology based learning to solve problems increase their knowledge of 

the subject, as well as computer skills. Students who have access to the internet or smartphones 

have the ability to review, explore, and interact with material outside of the classroom, which can 

help students improve their cognitive skills  as well as their knowledge of the content material 

(Dunkerton, 2007).  

Another advantage to technology is that it can help teaching and learning engaging and 

varied. Kiboss et al. (2004) reported that interactive simulation technology is an efficient 

approach to education because it can transform complex lessons into more exciting, easier parts 

that are more interesting for the students. Technology can be used to effectively add interest, 

interaction and variety to every aspect of the learning process in and out of the classroom, from 

instruction to homework assignments and assessments. The advantages of using technology, 

including interactive simulation technology in the classroom are worth careful consideration by 

educators, students, parents, and researchers.   
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Appendix C 

Parents’ Consent Form 

1- Research Statement 

Along with a faculty advisor, Janeil C. Rey, PhD from the State University of New York at 

Fredonia, I will be completing a research study over three weeks. This study is designed to 

investigate the research question, “What are the effects of using interactive laboratory simulation 

in teaching biology on the academic achievement of Saudi high school students as measured by 

scores on unit assessments?” In addition, a secondary question is, “are there any differences in 

learning outcomes among students who are taught by the traditional method and students who 

learn by using the interactive laboratory simulation?” The importance of this study comes from 

the importance of activating the role of the laboratory in learning biology. Some of the schools 

suffer from a lack of laboratory equipment and supplies. Therefore, this study examines the 

possibility of replacing the traditional biology laboratories by using interactive simulations. 

2- Purpose of the study 

The main purpose of this research is to determine the effects of using interactive laboratory 

simulation in teaching biology on the academic achievement of Saudi high school students as 

measured by scores on the unit assessment. Additionally, the researcher aims to see if there are 

any differences in learning outcomes among students who have been taught using the traditional 

method and the students who have learned by using interactive laboratory simulation.  

3- Study Design 

In this study, there will be two classrooms. For the control group’s class, the teacher will use 

the traditional method to teach students the nervous system lessons during the entire study 

period. The experimental group’s lessons will be taught in the computer lab, where the 

researcher will use interactive simulation technology as tools to support students’ understanding 
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through a contribution of interactive animations and videos. The researcher will use interactive 

simulation technology throughout all the lessons. The duration of this study will be over the 

course of three weeks, for a total of six classes, for the experimental group, and five class 

sessions for the control group. The reason for the difference in the number of classes is due to the 

fact that for the first lesson, the researcher needed an extra period to inform the students in the 

experimental group about how to use the programs necessary, organize the students’ locations in 

the lab, and finally, inform the students the goal of the new approach, how to open and close 

applications, answer the students' questions, and so on. It was determined that the control group 

did not need this extra class hence the different number of classes between the two groups. After 

the five classes of actual instruction for both the experimental group and the control group, the 

teacher will test both classroom students by using the unit assessment by the Ministry of 

Education’s biology curriculum 

4- Length of student involvement.   

The biology class schedule consists of only two classes every week, with each class 

lasting about 45 minutes. The duration of this study will be over the course of three weeks, for a 

total of six classes, for the experimental group, and five class sessions for the control group. 

5- Risks and benefits of participation 

There will not be any potential risks in the study. This technology will give students the 

opportunity to explore and learn everything about the lessons of the nervous system. Moreover, 

these tools will encourage the student to learn new knowledge that is impossible to learn through 

the traditional method because the student will use the same real scientific tools.  Additionally, 

there may be no immediate benefits for your child as a result of her participation in this study. 

6- Confidentiality 
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Your child’s name will not be included with any of the data reported. Each child will be 

assigned a number and their assessment grades will be coded with this number. I will keep a 

master list of the names and numbers on my computer, which is password protected. The final 

report will not include your child's name or that she was in the study. I will keep the data secure 

for five years after which time I will destroy it. You can ask questions about the study at any 

time. If you have questions or decide you want your child to withdraw from the study, please 

contact Hanan Almutrafi E-mail: ha2020ha1@hotmail.com. Or the other personnel listed at the 

bottom of this consent form. 

7- Voluntary participation. 

Participation in this study is voluntary. Your child has the right not to participate at all or 

to leave the study at any time. Deciding not to participate or choosing to leave the study will not 

result in any penalty or loss of benefits to which your child is entitled, and it will not harm her 

relationship with the teacher. If your child decides to leave the study, your child's data will be 

removed from any papers or projects published. 

8- Contact information. 

If you have questions regarding your rights as a research subject, you may contact  

 Hanan Almutrafi E-mail: ha2020ha1@hotmail.com. Or hana6106@fredonia.edu.  

 Janeil C. Rey, PhD, Assistant Professor, Language, Learning, and Leadership, State 

University of New York at Fredonia, (716) 410-7002,  janeil.rey@fredonia.edu.   

 Judith Horowitz, Human Subjects Administrator and Associate Provost for Graduate 

Studies, Sponsored. Programs and Faculty Development.  

               Phone: 673-3335; email: judith.horowitz@fredonia.edu.   

mailto:ha2020ha1@hotmail.com
mailto:hana6106@fredonia.edu
mailto:janeil.rey@fredonia.edu
mailto:judith.horowitz@fredonia.edu
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You may also contact her about any problems, complaints, or concerns related to this research 

study. 

Permission for a Child to Participate in Research 

______ Yes, as parent or legal guardian, I authorize _______________________________ 

(child’s name) to become a participant in the research study described in this form. 

__________________________________________________________________________ 

Parent or Legal Guardian’s Signature     Date 

______No, as parent or legal guardian, I DO NOT authorize 

_______________________________ (child’s name) to become a participant in the research 

study described in this form. 

__________________________________________________________________________ 

Parent or Legal Guardian’s Signature     Date 

 

 

 

 

 

 

 

 

Please return this completed form to Hanan Almutrafi at the school. 

 

 



 

 

70 THE EFFECTS OF USING INTERACTIVE LABORATORY SIMULATION 

Appendix D 

 Student Consent Form 

As part of my master’s degree program, I am conducting a study on the effectiveness of 

interactive laboratory simulation in teaching biology. I would like to have you participate in my 

study.  If you choose to participate, your teacher will give me your grades on your unit 

assessment on the nervous system.  I will not use your name or any identifying information on 

any reports of this project.  Your participation in this research is voluntary and you may choose 

to withdraw at any time.  If you withdraw, your grades on the unit assessment will not be 

included in the subsequent reports about the research.  

The importance of this study comes from the importance of activating the role of the 

laboratory in learning biology. This study examines the possibility of replacing the traditional 

biology laboratories by using interactive simulations. The purpose of this study is to determine 

the effects of the use of interactive laboratory simulation in teaching biology on academic 

achievement. This study is designed to investigate the research question, “What are the effects of 

using interactive laboratory simulation in teaching biology on the academic achievement of 

Saudi high school students as measured by scores on unit assessments?” In addition, a secondary 

question is, “are there any differences in learning outcomes among students who are taught by 

the traditional method and students who learn by using the interactive laboratory simulation?” 

The duration of this study will be over the course of three weeks, for a total of six classes. 

 

If you have any questions about this project, I am happy to answer them.  If you want to 

be part of this research you can mark yes below.  If not, you can mark no.  Thank you for 

considering being part of this study.  

 

______ Yes I am willing to have my final grades on the nervous system unit assessment used in 

this study. I understand I can stop participating whenever I want and it will not affect my school 

work or grades.   

 

_____ No, I prefer not to be part of this project.   
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Appendix E 

 The Classes Schedule 

Table 12 

Summary of learning goals for both experimental group and control group classes* 

Class Learning Goal 

1 

 
 Instruct experimental group about interactive laboratory and procedures 

2  Introduce unit topic: Nervous system 

 Students will be able to identify:  

dendritic appendages  

nerve cells 

axis  

 Students will understand: reflex arc and resting potential 

 

3  Students will understand :  

nerve impulses, axons, nodes, neurotransmitters, synapses  

 

4  Students will understand:  

the components of the central nervous system 

 Students will be able to identify and describe: 

The brain 

Cerebellum 

Cerebellum 

Medulla Oblongata 

Pons 

Hypothalamus 

 

5  Students will be able to describe and differentiate between: 

the peripheral nervous system 

the somantic nervous system 

the automatic nervous system 

 

6  Assessment of student learning and unit summary 

Note: For Class 1, the control group’s class reviewed the previous unit’s material. Both classes 

started this unit at the same date. 
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Table 13 

 

Summary of learning goals and use of interactive laboratory simulations for experimental group* 

Class Lesson Topic Learning Goal Laboratory Simulation 

1 Classroom learning 

procedures 

 

 Instruct students about interactive 

laboratory and procedures 

 

None 

2 The Nervous System: 

Introduction 
 Introduce unit topic: Nervous system 

 Students will be able to identify:  

dendritic appendages  

nerve cells 

axis  

 Students will understand: reflex arc 

and resting potential 

 

The Nerve Cell (G) 

 

Patellar Reflex (E) 

 

Flexion Reflex in the Frog (E) 

 

Nerve Signal (E) 

The Resting Potential (E) 

 

Propagation of the Action Potential (E) 

 

3 Nerve Impulses and Synapses  Students will understand:  

nerve impulses  

axons  

nodes  

neurotransmitters 

synapses  

 

Nerve Signal (E) 

 

The Synapse (E) 

 

Synapse and Ionic Mechanisms (E) 

 

4 Organization of the Nervous 

System  
 Students will understand:  

the components of the central 

nervous system 

 Students will be able to identify and 

describe: 

The brain 

Cerebellum 

Cerebellum 

General Organization of the Nervous 

System (G) 

 

The Human Brain (E) 

 

Brain Sections (E) 
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Medulla Oblongata 

Pons 

Hypothalamus 

 

5 The Peripheral, Somatic, and 

Automatic Nervous Systems  
 Students will be able to describe and 

differentiate between: 

the peripheral nervous system 

the somantic nervous system 

the automatic nervous system 

 

Spinal Cord (G) 

 

Primary Motor Cortex (E) 

 

Peripheral Nerve (E) 

 

Sample Somatic Nervous System 

Pathways (G) 

 

Organization of the Autosomatic 

System (G) 

 
 

6 Unit Summary and 

Assessment 

 

 Assessment of student learning and 

unit summary 

 

*Note: Model and interactive laboratory simulations are taken from the Edumedia (E) and Get Body Smart (G) websites 
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Appendix F 

 The Unit Assessments 
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Appendix G: 

Survey of using interactive simulation technology 

 

Table 14  

Student Survey of Saudi high school students on their use of interactive simulation technology in 

learning biology  

Statement* Strongly 

Agree 

Agree Neither 

Agree Nor 

Disagree 

Disagree Strongly 

Disagree 

I could concentrate better when I 

used programs, such as Edumedia, 

than in my usual classroom. 

     

Using technology-based learning 

gave me additional information, 

knowledge and new skills. 

     

I felt comfortable when I used the 

interactive simulation technology. 

     

The training I received in using the 

technology was sufficient for me to 

be comfortable and successful with 

it. 

     

Using interactive simulation 

technology helped me to deal with 

new subjects. 

     

The e-Learning website helped me 

to learn the material better. 

     

The e-learning work was 

intellectually stimulating.* 

     

I put a lot of effort into completing 

the e-learning work.* 

     

Overall, I was satisfied with the 

quality of the learning experience 

in this subject.* 

     

*These items were taken from (Dantas and Kemm, 2007, p. 70). 

Number of uses 

 

5 4 3 2 1 0 

How many times did you use the e-Learning 

website outside of class? 

      

In addition to the interactive technology, how 

many times did you use other aspects of the 

website to learn the material 
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Appendix H: 

Completion of Research Mission 
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Appendix I  

Students’ Scores 

Table 15  

 

The Unit Assessments Scores from the two groups and the survey score from the experimental. 

Student ID The unit assessments scores 

for Experimental group 

Survey Results The unit assessments 

scores for Control group 

S1 92.5 100 100 

S 2 72.5 67.5 85 

S 3 95 92.5 60 

S 4 85 77.5 62.5 

S5 100 97.5 97.5 

S6 100 97.5 97.5 

S7 70 77.5 95 

S8 66.25 55 25 

S9 100 97.5 46.25 

S10 100 100 82.5 

S11 80 87.5 90 

S12 75 90 92.5 

S13 48.75 62.5 67.5 

S14 42.5 62.5 22.5 

S15 80 65 27.5 

S16 92.5 95 55 

S17 60 52.5 50 

S18 92.5 92.5 77.5 

S19 100 90 70 

S20 62.5 55 90 

S21 95 87.5 97.5 

S22 100 97.5 100 

S23 95 82.5 70 

S24 97.5 62.5 57.5 

S25 47.5 67.5 78.75 

S26 97.5 87.5 92.5 

S27 97.5 92.5 72.5 

S28 92.5 62.5 85 

S29 97.5 87.5 90 

S30 30 35 97.5 

S31 95 95 58.75 

S32 80 57.5 82.5 

S33 87.5 82.5 88.75 

S34 30 35 82.5 

Average 81.10294 77.86764706 74.92647059 

 


