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Abstract  

 

 

Unlike traditional instructional strategies, Computer Simulations (CSs) have lately 

been receiving increasing attention and applications within the international physics 

education community. This study aims to investigate the impact of CSs within an 

inquiry-based learning environment on the UAE grade 11 students’ performance in 

Newton’s Second Law of Motion (NSLOM). The study also investigates the impact of 

CSs within an inquiry-based learning environment on students’ Attitudes towards 

Scientific Inquiry (ASI), Enjoyment of Science Lessons (ESL), and Career Interest in 

Science/physics (CIS). The sample of the study consisted of 90 male and female 

students chosen from a population comprised of public-school grade 11 students from 

one of the major cities in the UAE. The study employed a pre-test and post-test quasi-

experimental design involving four equally-distributed grade 11 Physics classes: two 

as experimental groups (including 45 CSs-bound students studying under scientific 

inquiry instructions), and the other two as control groups (including 45 CSs-free 

students studying under traditional face-to-face instructions). Two instruments were 

developed to collect data: (1) The Newton’s Second Law of Motion Achievement Test 

(NSLMAT), which is a two-tier multiple choice assessment test used to evaluate 

students’ understanding of NSLOM, and (2) The Test of Science-Related Attitudes 

(TOSRA), which is a questionnaire survey canvassing students' attitudes towards 

learning physics. Descriptive analysis was conducted making use of Hake’s 

normalized gain factor, Effect sizes, one- way ANOVA, a paired-sample t-test, and 

multivariate analysis of variance (MANOVA). Overall, results suggested that, in 

comparison with face-to-face instruction, CSs were more successful in promoting 

students understanding of NSLOM topics. Even though both males (d = 2.44) and 

females (d = 1.49) benefited rather invariably from the CSs, male students seemed to 

have benefited marginally more from the CSs. Moreover, experimental groups showed 

noticeable conceptual and procedural understanding gains. The results indicated that 

CSs within an inquiry-based learning environment helped female (d = 2.10) and male 

(d = 2.94) students acquire a better understanding of NSLOM conceptual topics, and 

CSs within an inquiry-based learning environment also helped male (d = 0.88) and 

female (d = 0.72) students acquire a better understanding of NSLOM procedural 
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topics. Results revealed that CSs- based inquiry learning highly impacted the attitudes 

towards ASI, ESL and CIS. For CIS and ESL, females rated significantly higher than 

male students. Finally, it is suggested that if properly designed, CSs within an inquiry-

based learning environment can greatly improve student learning of NSLOM. 

 

Keywords: Computer Simulations, Newton’s Second Law of Motion, Inquiry-based 

Learning, Scientific Attitude, Conceptual Understanding, Procedural Understanding, 

UAE, High School Students, Physics Education. 
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Title and Abstract (in Arabic) 

 

ات  على تعلم طلبة دولة الإمارفي سياق الاستقصاء العلمي أثر المحاكاة الحاسوبية  

 العربية المتحدة لقانون نيوتن الثاني للحركة واتجاهاتهم نحو الفيزياء  

 الملخص 

وتطبيقاتها مؤخراً   (CSs) التقليدية، نالت المحاكاة الحاسوبيةعلى عكس الاستراتيجيات التعليمية  

أثر المحاكاة  اهتمامًا عالمياً من قبل المشتغلين بتعليم الفيزياء؛ لذلك هدفت هذه الدراسة إلى معرفة  

الحاسوبية في سياق الاستقصاء العلمي على تعلم طلبة الصف الحادي عشر في دولة الإمارات  

،  وكذلك أثرها على اتجاهات الطلبة نحو   (NSLOM)العربية المتحدة قانون نيوتن الثاني للحركة

 (ESL)لفيزياءوالاستمتاع بدروس العلوم وا ، (ASI)الفيزياء )اتجاهاتهم نحو الاستقصاء العلمي

مقارنة بالطلبة الذين لم يعتمدوا في تعلمهم على  (CIS)) ، وكذلك العمل في مجال العلوم / الفيزياء

  .المحاكاة الحاسوبية

تكوّن مجتمع الدراسة من طلبة الصف الحادي عشر بالمدارس الحكومية في إحدى المدن الرئيسة 

تطب تم  المتحدة. ولقد  العربية  الدراسة على عينة من )في دولة الإمارات  وطالبة.  90يق  ( طالباً 

استخدمت الدراسة تصميمًا شبه تجريبي بتطبيق اختبار قبلي واختبار بعدي على أربعة صفوف  

 45دراسية من طلبة الصف الحادي عشر موزعة بالتساوي: صفين دراسيين كمجموعة تجريبية ) 

ة في سياق الاستقصاء العلمي(، والفصلين  طالباً وطالبة تم تدريسهم باستخدام المحاكاة الحاسوبي

( ضابطة  كمجموعة  لوجه(.   45الأخرين  وجهاً  التقليدية  بالطريقة  تدريسهم  تم  وطالبة  طالباً 

( اختبار تحصيلي في موضوع قانون نيوتن  1لأغراض الدراسة تم تطوير أداتين لجمع البيانات: ) 

 two-tier) الاختيار من متعدد ومكون من مستويين ؛ وهو من نوع   (NSLMAT)للحركةالثاني  

multiple choice)   ( استبانة اتجاهات الطلاب  2مدى فهم الطلبة لقانون نيوتن الثاني، و )  لتقييم

للكشف عن اتجاهات الطلاب نحو الفيزياء.  تم تحليل البيانات باستخدام:   (TOSRA) نحو العلوم

 Hake’s) تحصيل بين الاختبار القبلي والاختبار البعديالإحصاء الوصفي، معامل الزيادة في ال

normalized gain factor)  طريقة فاعلية  الأحادي (Effect sizes)التدريس،  التباين  تحليل   ، 

(ANOVA) واختبار ، t  للعينات، وتحليل التباين المتعدد.(MANOVA)  
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أشارت النتائج إلى أنه مقارنةً  لقد توصلت الدراسة إلى وجود دلالة إحصائية بشكل عام، حيث  

بالتعليم التقليدي وجهًا لوجه، كانت المحاكاة الحاسوبية أكثر فاعلية في تحسين فهم الطلبة لقانون  

نيوتن الثاني للحركة، مع أفضلية نسبية للطلبة الذكور مقارنة مع الطلبة الإناث. إضافة إلى ذلك  

ي تطوير المعرفة المفاهيمية والمعرفة الإجرائية  أظهرت النتائج أن المحاكاة الحاسوبية أسهمت ف

لكل من الذكور والإناث على حد سواء.  بيّنت نتائج الدراسة أن اتجاهات الطلبة نحو الاستقصاء 

العلمي، الاستمتاع بدروس العلوم والفيزياء، والعمل بوظيفة مستقبلية لها علاقة بالعلوم / الفيزياء  

مقارنة بالطلبة الذكور فإن اتجاهات الطلبة الإناث نحو    .حاسوبيةتأثرت بشكل كبير بالمحاكاة ال

كان   الفيزياء   / بالعلوم  لها علاقة  بوظيفة مستقبلية  والفيزياء، والعمل  العلوم  بدروس  الاستمتاع 

أخيرًا، تقدم نتائج هذه الدراسة دليلاً على أنه إذا تم تصميم أنشطة المحاكاة الحاسوبية في   .أكبر

اء العلمي بشكل جيد، يمكن أن يسهم ذلك في تطوير تعلم الطلبة لقانون نيوتن الثاني  سياق الاستقص

 للحركة بشكل كبير. 

 

التعلم القائم على   للحركة،المحاكاة الحاسوبية، قانون نيوتن الثاني : مفاهيم البحث الرئيسية 

، المعرفة المفاهيمية، المعرفة الإجرائية، دولة الإمارات العلمية الاتجاهات  العلمي،الاستقصاء 

. ، تعليم الفيزياء(التعليم الثانوي)العربية المتحدة، طلبة الحلقة الثالثة    
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Chapter 1: Introduction 

 

1.1 Overview  

This chapter introduces the essential components of the research; a background 

about Computer Simulations (CSs) in teaching and learning physics in the United Arab 

Emirates (UAE) context, the research problem, the purpose of the study, the research 

questions and its significance. The chapter also presents and discusses the operational 

definitions, and the identification of variables. 

1.2 Background  

 The twenty-first century has witnessed a tremendous revolution in technology 

that continues to develop. The field of education is also significantly affected by this 

revolution and its technological expansion in such a world where students need to be 

equipped with meaningful knowledge and skills in order to cope with such an ever-

changing technology and even changing society. Research studies that dealt with the 

use of technology and computers in education were very common during the last few 

years. There were several previous attempts to use computers and technology to 

improve school learning, Bransford, Brown and Cocking (1999) speculated on 

previous research findings on the science of learning to enhance student understanding 

in science and to bring about interest and motivation, and they said that new 

technologies offer the possibility of creating learning environments that increase the 

chances of "old" - but still useful - technologies; Blackboard, and one-way linear 

communication media, such as television broadcasts. Yet there are many aspects of 
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technology that make it easier to create environments that match the principles of 

learning.  

Physics has been and continue to be a source of concern to both students and 

teachers (Jimoyiannis & Komis, 2001; Erinosho, 2013). Because physics is theoretical 

in nature (Stern, Echeverría & Porta, 2017; Radlović-Čubrilo, Lozanov-Crvenković, 

Obadović, & Segedinac, 2014; Alexanian, 2013; Bajpai, 2013). Recent trends in 

teaching and learning suggest that the solution to this negative image of physics 

depends on finding alternative effective teaching methods that maintain student 

achievement and improve student attitudes (Balfakih, 2003). Therefore, it was noted 

that only by actively engaging, specific visual representations and models students can 

improve their understanding of basic physics concepts (Stern & Huber, cited in 

Batuyong & Antonio, 2018).  

Based on data from the third cycle of Programmed for International Student 

Assessment (PISA), Cairns and Areepattamannil (2019) found that inquiry-based 

science education is very important. It is positively and highly related to the personality 

of science, such as interest and enjoyment of learning science, effective future 

scientific motives, scientific self-concept, and self-efficacy. NGSS (2013) suggests 

that teaching of science should generally be inquiry-based. Meaningful practice and 

the use of science processes should become a constituent part of instructions in 

classrooms, not only to motivate students but also to visualize their own learning. 

Inquire-based experiments serve to lead students to question the contradictions they 

form in their minds and attach meaning to concepts in this way (Gunstone & 

Champagne, 1990). 
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Within this framework, CSs play a major role in the education of physics as 

using CSs to teach physics concepts can enhance students’ understanding by providing 

a level of reality which is not possible with traditional teaching methods (Mengistu & 

Kahsay, 2015). For example, CSs provide learners with a realistic experience through 

which knowledge can be acquired and manipulated to better understand the 

relationship between the concepts studied, CSs also can combine animation, 

interactive laboratory experience, and visualization (Widiyatmoko, 2018). 

Visualization of physics learning may result in better understanding of natural 

phenomena, identification and understanding of cause-and-effect relationship of 

natural phenomena, development of concepts based on the principle from simple to 

complex, adoption of permanent knowledge concerning traditionally acquired 

knowledge, and transformation of the acquired knowledge into skills and habits 

(Obradović & Rančić, 2012, cited in Radulović, Stojanović & Županec, 2016). When 

CSs are used as an inquiry lesson, it enables students to manipulate multiple variables 

that produce different results digitally. Inquiry-based lessons are similar to hands-on 

practice in that they provide students with an opportunity to manipulate variables 

(Wilson, 2016). Podolefsky, Perkins, and Adams (2010) found that CSs greatly 

improved students’ understanding of basic concepts that are difficult to understand. In 

addition, compared to non-simulated instructions, computer-based simulations have 

advantages in achievement (Smetana & Bell, 2012; D’Angelo et al., 2014). Moreover, 

CSs can not only provide powerful benefits in science education by encouraging 

constructive learning activities, but also by supporting different types of learners (such 

as visually oriented students) (Mengistu & Kahsay, 2015). 



4 

 

 

 

 

 

 

Using CSs to teach physics concepts can enhance students’ understanding by 

providing a level of reality that is not possible with traditional teaching methods 

(Mengistu & Kahsay, 2015). 

Several studies that dealt with CSs emphasize the importance and effectiveness 

of CSs in teaching and learning physics because of its capability to enhance practicing 

(Smetana & Bell 2012). Jimoyiannis and Komis (2001) and Clark (1994) found that 

students working with CSs exhibited significantly higher scores in the research tasks 

and that CSs might be used as an alternative instructional tool. Furthermore, they 

strongly supported CSs as an alternative learning tool to help students in meeting their 

cognitive limitations and develop a functional understanding of physics.  

CSs can improve teaching and learning practices particularly those associated 

with classroom activities (Wieman, Adams, Loeblein & Perkins, 2010). Other 

researchers suggested that CSs allow students to learn physics concepts and apply them 

in a virtual environment with manual skills that can only be obtained in real-world labs 

(Bozkurt, & Ilik, 2010; Rutten, Van Joolingen & Van der Veen, 2012; Quellmalz, 

Timms, Silberglitt & Buckley, 2012).  

Previous research studies dealing with student attitudes toward physics suggest 

that there is a positive significant correlation between students’ learning in physics and 

their attitudes towards physics (Sari, Pektaş, Çelik & Kirindi, 2019; Kattayat, Josey & 

Asha, 2016; Pyatt & Sims, 2012). For example, Sari, Pektaş, Çelik and Kirindi (2019) 

found that computer-based laboratory applications and virtual applications have been 

identified to have a positive impact on students' attitudes and motivations. In addition, 

compared to virtual lab applications, computer-based lab applications are more 
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effective in improving student communication, collaborative work, and stimulating 

participation. Other studies also found that if laboratory technology or methods are 

included in teaching, these students will become better learners and their attitudes will 

improve (Oymak & Ogan-Bekiroglu, 2017; Aşıksoy & İşlek, 2017). Additionally, 

Bozkurt and Ilik (2010) found that CSs have a positive impact on students' beliefs in 

physics and physics achievement. 

It seems that CSs are likely to enhance students’ performance and attitudes 

when they are integrated into the teaching learning processes. They are most likely to 

create an interactive learning environment that can help teachers and students engage 

in meaningful activities, and hence, facilitate learning.  

Unfortunately, learning physics is a difficult endeavor to many students which 

leads some of them to take a negative stance toward physics (Sarı, Hassan, Güven & 

Şen, 2017; Erinosho, 2013). This is related to several reasons: firstly, physics by its 

nature is considered a difficult subject, as it is often perceived as a discipline that 

focusses on acquisition of abstract physical knowledge, meanwhile many concepts are 

abstract and require high cognitive demand. In addition, basic mathematical 

complexity can quickly overcome students’ intuition (Dori & Belcher, 2005; Huppert, 

Lomask & Lazarowitz, 2002; Trey & Khan, 2008; Aina, 2013). Secondly, Bagnoli, 

Guarino and Pacini (2018) and Hadzigeorgiou and Schulz (2017) contend that the main 

problem in physics is that it does not depend on what to learn, but on what to do and 

practice in proper contexts in life. Örnek, Robinson and Haugan (2008) found that 

students find physics difficult because they face different representations at the same 

time, such as experiments, formulas, calculations, charts, and conceptual explanations. 
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Thirdly, according to Sirait and Mursyid (2018) what makes Newton’s laws and other 

physics’ concepts so tricky is that they are related to other important concepts such as 

velocity and acceleration, and the learners need to have them conceptualized before 

attempting to conceptualize Newton’s Second Law of Motion (NSLOM). In addition, 

a study conducted by Obaidat and Malkawi (2009) found that most students might 

have wrong and naïve models about basic concepts of kinematics and Newton’s laws 

of motion and indicates that students’ grasp of these concepts is weak which 

consequently leads to have difficulties in solving the physics test (Sirait & Mursyid, 

2018; Camarao & Nava, 2017). Finally, in traditional and teacher-based instruction, 

students spend time listening to lectures, performing scheduled "recipe" laboratory 

activities, and remembering scientific facts highlighted in the test which dampen their 

interest as they find no enjoyment in doing these activities  (Cairns & Areepattamannil, 

2019; Hadzigeorgiou & Schulz, 2017). 

For many students who have a negative attitude toward physics, learning 

physics is a challenge (Sari, Pektaş, Çelik & Kirindi, 2019; Erinosho, 2013). For 

instance, in a study conducted in the United States, three types of factors were 

identified as students’ physical difficulties, one of which was the student’s attitude 

(Erinosho, 2013). Similarly, according to Balfakih (2003), students in the UAE show 

similar problems; these include poor academic achievement and negative attitudes 

towards scientific subjects, which have led to high dropout rates for students in high 

school science. Therefore, students often consider physics difficult, abstract and 

boring, and it is still the least popular scientific subject among the average students. 

As only a very small number of students choose to study physics (Erinosho, 2013). 
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Despite the government’s substantial investment in teaching and learning 

resources for the students, the performance of students in physics in national 

examinations remains low as attested by the UAE Certificate of Secondary Education 

(MOE, 2000). Moreover, results of international examinations in science over the 

years have been dismal, as shown by Trends in International Mathematics and Science 

Study (TIMSS) and PISA (Martin, Mullis, Foy& Hopper, 2015; OECD, 2015a). For 

example, the UAE in its first participation in the TIMSS 2011, achieved average scores 

in science in grades 4 and 8, were well below the international average at both grade 

levels. Fourth graders in the UAE were ranked as 43rd in science, while eighth graders 

achieved the 24th position. A significant area of weakness for both grade levels was in 

one cognitive domain, which is “Applying.” According to TIMSS results in 2015, 

fourth and eighth graders performed below the international average of science and 

earned less than 500 points in content and cognitive domains. grade 4 students in the 

UAE achieved an overall score of 451 in science, 49 points below the international 

average, and ranked 35 in the international league. The UAE grade 8 students achieved 

an overall average of 477 in science, only 23 points below the international average, 

and occupied the 21st position in the international league (Martin, Mullis, Foy& 

Hopper, 2015; OECD, 2015a). Moreover, statistics obtained from the analysis of the 

Ministry of Education (MOE) Department of Assessment showed that there is a 

persisting need to improve the conceptual understanding of the UAE students in 

science education (Kamal & Trines, 2018). 

Students often do not choose to learn physics due to its perceived difficulty 

(Erinosho, 2013; Council, 2011). According to Hadzigeorgiou and Schulz (2017), 

what students see as interesting does not necessarily help them to study physics. For 
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example, Wilson (2016) claimed that teaching physics is a difficult task because most 

physics labs are interactive, where students can employ and allocate things to better 

understand the concepts being taught. This is a real sight in a physics classroom 

environment and needs to be addressed by teachers (Wilson, 2016). It is easy to find 

and utilize laboratories for humbler concepts. However, finding and using the right 

laboratory is more difficult when teaching more intangible concepts (Wilson, 2016).   

The concern about physics-learning and teaching has been documented in 

research studies. For example, Batuyong and Antonio (2018) found some problems in 

teaching physics today: first, the textbooks are insufficient and lack the laboratories 

and tools to conduct practical experiments. Secondly, studies show that a lack of 

models or representation of invisible concepts is one of the reasons why students have 

difficulty understanding scientific concepts. Finally, the biggest challenge for science 

teachers is to design or devise ways to make teaching and learning interesting and 

meaningful.  

Based on the evidence mentioned in previous research (Sarı, Hassan, Güven & 

Şen, 2017; Bagnoli, Guarino & Pacini, 2018; Örnek, Robinson & Haugan, 2008; Sirait 

& Mursyid, 2018; Obaidat & Malkawi, 2009; Camarao & Nava, 2017; Cairns & 

Areepattamannil, 2019; Sari, Pektaş, Çelik & Kirindi, 2019;  Erinosho, 2013; Balfakih, 

2003; Martin, Mullis, Foy & Hopper, 2015; OECD, 2015a), it seems that there is an 

urgent need to overcome the difficulties students face in learning physics, MOE 

recommended that physics teachers must improve their teaching methods to make 

physics more attractive and less abstract, and proposed that teachers should actively 

involve students in the teaching and learning process and added that rote learning 
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should be excluded as possible (MOE, 2000; Sahoo, 2016, cited in Ridge, Kippels, & 

El Asad, 2015). Therefore, teachers must follow methods that may likely to enhance 

student’s participation and understanding in the teaching and learning process by 

linking physics examples to their real-life and environment and enabling students to 

gain practical experience, such as using CSs as a technological tool (NGSS, 2013). In 

addition, for physics teaching to be operative, physics teachers must encourage 

learning that leads to conceptual understanding, as well as teach physics through 

exploration, discovery, demonstration, simulations, practical work, laboratory-based 

experience, and other practical experiences to understand these abstract concepts 

(Stern & Huber, cited in Batuyong & Antonio, 2018; Lamina, 2019).  

1.3 Problem Statement 

Despite the importance of physics that is not only tantamount with success at 

school, but also in life, physics instruction is still ineffective, and the resources used 

in the classroom and laboratories are difficult to manipulate and uninteresting for many 

students (Bagnoli, Guarino & Pacini, 2018; Cairns & Areepattamannil, 2019; 

Erinosho, 2013; Wilson, 2016; Batuyong & Antonio, 2018; MOE, 2000; Sahoo, 2016, 

cited in Ridge, Kippels, & El Asad, 2015; NGSS, 2013). However, finding from recent 

research studies have also shown that mere interest in using computers in schools are 

not enough for effective learning (Council, 2000).  

It has been documented that the UAE students are experiencing difficulties in 

physics which are attributed to the ineffective instructional strategies and lack of 

motivation (Balfakih, 2003). For example, current practices in teaching and learning 

physics do not match the MOE expectations, as most of the teaching learning processes 
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are guided by the traditional approaches to learning, in which a teacher explains to 

students the rules and principles with little emphasis on knowledge construction and 

critical reasoning and reflection. In most UAE schools, the primary mode of physics 

education focuses on teaching, memorizing definitions and formulas, and applying 

them to standard problems (Balfakih, 2003). Consequently, students are accustomed 

to rote memorization of formulas. Many students often try to avoid problems that 

require qualitative reasoning and oral interpretations. This traditional method of 

lecture-based teaching does not help students improve their thinking skills, which 

reflected in the international comparative study TIMSS 2011 and 2015 for the lowest 

scientific classification for the UAE students in the eighth grade (Martin, Mullis, Foy& 

Hopper, 2015; OECD, 2015a). For example, according to OECD (2010) the Pisa 

standardized test for 2009 ranked the participating UAE students in science 42 out of 

65 countries with average 466 points.  

Taking this research-based evidence for problems of the UAE students, it is 

believed that CSs, within the context of scientific inquiry can be an appropriate 

alternative to remedy this problem and make student learning more effective. From 

this perspective, CSs have great potentials to stimulate learning and interest. They are 

more likely to enable learners to see and interact with  natural phenomena, stimulate 

learners' challenges, and prompt reactions (Council, 2011).  

Another focal point is that, although, there has been a growing interest in the 

use of CSs in the classroom, their effectiveness at school level has not been fully 

researched locally and globally. However, the results from the growing interest in CSs 

research studies has provided conflicting results. Nevertheless, most of these studies 
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have found that CSs have a positive effect on students (Mengistu & Kahsay, 2015; 

Wilson, 2016; Podolefsky, Perkins & Adams, 2010; Smetana & Bell, 2012; D’Angelo 

et al., 2014; Jimoyiannis & Komis, 2001; Clark, 1994; Quellmalz, Timms, Silberglitt 

& Buckley, 2012; Bozkurt, & Ilik, 2010; Sari, Pektaş, Çelik & Kirindi, 2019; Kattayat, 

Josey & Asha, 2016; Pyatt & Sims, 2012; Oymak & Ogan-Bekiroglu, 2017; Aşıksoy 

& İşlek, 2017). On the other hand, some studies have shown that the use of CSs is less 

effective than traditional instruction (Marshall & Young, 2006; Regan & Sheppard, 

1996; McKagan, Handley, Perkins & Wieman, 2009). However, there were few 

studies that did not find any advantages of using CSs over traditional instructions 

(Winn et al. 2006; Hannel & Cuevas, 2018; Keller, Finkelstein, Perkins & Pollock, 

2007; Steinberg, 2000; Kelly, Bradley & Gratch, 2008; Winn et al, 2006).  

Within these conflicting findings of past research, the present study is a 

response to the call of researchers for further research on the effectiveness of CSs in 

teaching physics (Jimoyiannis & Komis, 2001; Hadzigeorgiou & Schulz, 2017; 

Radlovic-Cubrilo, Lozanov-Crvenkovic, Obadovic, & Segedinac, 2014; Batuyong & 

Antonio, 2018). Moreover, this study is an attempt to fill the gap in the lack of research 

in the efficacy of CSs in teaching physics specifically NSLOM within the context of 

scientific inquiry instruction and students’ attitudes toward physics at the secondary 

school level in the UAE context.  

1.4 Purpose of the Study 

The purpose of this study is to examine the impact of computer simulations on 

the UAE students’ learning of Newton’s second law of motion and attitudes toward 
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physics within the context of scientific inquiry instruction of grade 11. Specifically, 

the study will, therefore, seek to examine the following: 

I. Assess grade 11 physics students’ overall performance in Newton’s second law 

of motion when taught with CSs within authentic inquiry instruction compared 

to traditional face-to-face instruction. 

II. Assess grade 11 students’ conceptual and procedural knowledge of Newton’s 

second law of motion when taught with CSs within authentic inquiry instruction 

compared to traditional face-to-face instruction. 

III. Assess grade 11 students’ attitudes towards physics when taught with CSs 

within an authentic inquiry instruction compared to traditional face-to-face 

instruction.  

1.5 Research Questions  

To explore the impact of computer simulations on the UAE students’ learning 

of Newton’s second law of motion and attitudes toward physics within the context of 

scientific inquiry instruction, the research study addresses the following seven research 

questions:  

1- What impact do computer simulations have on grade 11 students’ student 

performance in Newton’s second law of motion within an inquiry context?  

2- Are there any statistically significant differences in performance in Newton’s 

second law of motion between grade 11students who studied through CSs 

within the context of scientific inquiry instruction and students who studied 

through traditional face-to-face instruction? 
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3- Is there any statistically significant difference in performance regarding 

conceptual understanding in Newton’s second law of motion, between grade 

11 students who studied through CSs within the context of scientific inquiry 

instruction and students who studied through traditional face-to-face 

instruction? 

4- Is there any statistically significant difference in performance regarding 

procedural understanding in Newton’s second law of motion, between grade 

11 students who studied through CSs within the context of scientific inquiry 

instruction and students who studied through traditional face-to-face 

instruction? 

5- What impact do computer simulations have on grade 11 student attitudes 

towards physics when taught within the context of scientific inquiry? 

6- Is there any statistically significant difference in attitudes towards physics 

between students who studied through using CSs within the context of 

scientific inquiry instruction and students who studied through traditional face-

to-face instruction? 

7- What is the interaction, if any, between students’ gender and the use of CSs  as 

a teaching method in teaching NSLOM within the context of scientific inquiry 

on performance and attitudes toward physics? 

1.6 Significance of the Research 

The significance of this study can be seen as the possibility of helping to 

support teachers of physics and stakeholders who are responsible for adapting and 
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modifying the curriculum. As for teachers, the results may provide opportunity to 

address the teaching of physics in a more meaningful ways and help students to 

develop higher order understanding. For example, in a context of inquiry similar to the 

context of this study, students not only construct knowledge actively, but also learn 

the use of interactive CSs will contribute to meaningful and higher order understanding 

of students. Likewise, through shedding light on CSs within an inquiry-based learning 

environment, a shift towards effective student-centered pedagogy can be established. 

Therefore, the role of the teacher can be more productive from being mere knowledge 

disseminator to becoming a facilitator who focuses on teaching students how to think 

and how to use the technical resources properly to learn new information. Kattayat, 

Josey and Asha (2016) suggest that when teachers integrate education with CSs into 

classroom instruction, they enable students to increase their positive attitude toward 

physics. As a result of this increase, students can achieve better results in the field of 

physics. Another important point in this study is the development and use of a two-tier 

test as a diagnostic instrument. Because designing a two-tier test to assess students’ 

difficulties about force and motion can contribute to the literature because there are 

few two-tier tests for assessing students’ difficulties in physics in the literature. 

Second, this research seeks to explore practices that enhance excellence in the 

teaching of physics in the education system in the UAE and aims to develop strategies 

for teaching physics to the Emirati environment. Thus, this will guide students to 

participate effectively in meaningful teaching and learning processes and will help 

teachers to compare these strategies with international standards. In addition, due to 

various limitations, it is often difficult for teachers to apply inquiry learning in physics 

classrooms. Therefore, through the suggested teaching unit and lesson plans provided 
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in this study, this research study provides a demonstrable example of how inquiry 

learning is implemented and integrated with a technology environment and with 

interactive simulations in the context of the UAE. Moreover, the findings of this study 

could propose a new pathway for the teaching of the NSLOM in the secondary schools 

of the UAE, where physics education is an important as part of science learning. 

Finally, the study may also attract stakeholders and curriculum developers’ 

attention towards the effects of technology integration in creating opportunities for 

active learning of science through infusing hands-on activities. This integration can be 

achieved through dedicating more learning activities through CSs when teaching 

science in general and specifically physics instructions. 

1.7 Limitations of the Study 

This study has some limitations. First, the participants in this study were mostly 

Emirati and eleventh grade male and female students from schools in one city in the 

UAE. Although participants were randomly assigned to the simulations group or 

control group, the convenient sampling procedure and size of the sample might have 

impacted the findings across grade and ability levels of students.  

Secondly, the posttest was administered five weeks after the time of the actual 

intervention, it is possible that learning occurred between the posttest and the 

beginning of the study. It is also possible that taking the pretest might influenced 

posttest scores. This potential influence may mean that data obtained from the study 

were negotiated to situations in which pretests are not used. Future research should use 

different versions of conceptual understanding measurements to ensure that 
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participants are not exposed to the same questions more than one time. Moreover, 

although the students studied the same topic included in the same textbook “NSLOM” 

and followed the same study plan, they were taught by different teachers (i.e., male 

and female teachers) and the assessment tool designed for this study was a 

modification of a test used by a classroom teacher which may have influenced the 

results. 

Another limitation is that the study was conducted using Physics Education 

Technology (PhET) simulations to learn NSLOM which is not designed specifically 

for the UAE curriculum. For example, the graphs and the objects were not consistent 

with curriculum. This may influence the results, since the students manipulate the 

simulations by themselves.  

1.8 Operational Definitions 

This study uses frequently the following terms, concepts, and key words.  

Computer Simulations (CSs) are programs that allow users to interact with a 

computer representation of a scientific model of the natural or physical world and 

allow users to change a particular set of variables or parameters, which then builds a 

virtual environment using those variables or parameters (Holec, Spodniaková 

Pfefferová & Raganová, 2004; Wilson, 2016; D’Angelo et al., 2014). Therefore, CSs 

within an inquiry-based learning environment may be defined as an instructional 

strategy that offers the opportunity to control representation of real-world phenomena, 

as students’ use CSs to support  authentic inquiry practices that include formulating 

questions, hypothesis development, data collection, and theory revision. 
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PhET is a suite of research-based interactive computer simulations for teaching 

and learning physics, chemistry, math, and other sciences (Wilson, 2016). 

Conceptual knowledge is students’ ability to comprehend and solve physics 

problems that do not involve computation or calculations. These types of problems 

generally involve written descriptions or equations involving only variables 

(Nieswandt, 2007). 

Procedural knowledge is the way of doing something. It encompasses the 

methods of inquiry as well as criteria for using skills, algorithms, techniques, and 

methods, including knowledge of subject-specific skills and algorithms, knowledge of 

subject-specific techniques and methods, and knowledge of criteria for determining 

when to use appropriate procedures (Anderson, Krathwohl, & Bloom, 2001). 

Inquiry-based learning is hands-on activities in which learners are responsible 

for their own learning. It is a form of active learning that best enables learners to 

construct knowledge, where progress is assessed by how well students develop 

experimental and analytical skills rather than how much knowledge they possess 

(Wilson,2016; Avsec & Kocijancic, 2014). 

Newton’s Second Law of Motion is how much an object will accelerate for a 

given net force (Itza-Ortiz, Rebello & Zollman, 2004). The acceleration of an object 

(a) is proportional to the net force (Fnet) acting upon the object and is inversely 

proportional to the mass of the object (m). 

Attitudes “is a psychological tendency that is expressed by evaluating a 

particular entity with some degree of favor or disfavor” (Eagly & Chaiken, 1993, p.1). 
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It is measured for students by the total student responses to the items of the Student 

Attitudes Scale TOSRA. 

Traditional method of teaching (face-to-face) is “the method that makes little 

or no use of interactive engagement and rely primarily on passive-student lectures, 

recipe laboratory activities, and students made observations outside.” (Hake, 1998). 

1.9 Identification of Variables 

The variables of this study are divided into two types, the main independent 

variable in the seven research questions, is the medium of teaching physics.  It has two 

levels: (1) CSs within an inquiry-based learning environment (2) Traditional face-to-

face- based instruction. The dependent variable for Research Questions One, Two, 

Three and Four is students’ performance that include conceptual and procedural 

knowledge. This dependent variable is measured by performance in Newton’s Second 

Law of Motion Achievement Test (NSLMAT), specifically developed for the purpose 

of this study (see Appendix D). As for Research Questions Five and Six, the dependent 

variable is students’ attitudes towards physics. This dependent variable is measured by 

three scales developed from Test of Science Related Attitudes (TOSRA) (see 

Appendix G), the survey comprises of three subscales including Attitude toward 

Scientific Inquiry (ASI), Enjoyment of Science/physics Lessons (ESL), and Career 

Interest in Science (CIS). Finally, the seventh question tackles the interaction between 

gender and the use of CSs  as a teaching method in teaching NSLOM within the context 

of scientific inquiry and its effect on performance and attitudes toward physics.  
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1.10 Organization of the Study 

Chapter one is an introduction of this study, which highlights the background 

of the study, the statement of the problem, the purpose of the study, research questions, 

the significance of the study, its limitations, operational definitions, and identification 

of variables. The remaining chapters of the thesis are organized as follows: Chapter 

two, firstly, discusses the literature related to the study. The review involves theoretical 

and empirical studies related to the problem under study. Specifically, the chapter is 

shedding light on the theoretical framework, which is based on constructivist 

approach, conceptual change approach, and information process theory, the UAE 

context, impact of CSs on students’ learning and students’ attitudes, aside from CSs 

and physics teaching. Secondly, this chapter also discusses inquiry-based instruction 

approach and, studies that tackle teaching NSLOM with CSs. The third chapter 

describes the methodology used in the study. Specifically, the research design with a 

full description of the quasi-experimental design, the research instrument, and its 

validity and reliability, sample and sampling technique, in addition, PhET simulations, 

and 5E model were discussed. 

The analysis and presentation of the data were presented in chapter four where 

attempts to answer research questions were made. Finally, in Chapter five, the focal 

focus is the discussion of the research questions concerning the findings, the summary, 

conclusions, implications, recommendations, and areas for further research were 

presented. 
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Chapter 2: Literature Review 

2.1 Chapter Overview 

The main objective of this chapter is to review the literature focusing on the 

impact of CSs on students’ learning and scientific attitudes, with particular emphasis 

on using CSs to teach grade 11 UAE students about NSLOM within the context of 

scientific inquiry instruction in physics classes. The purpose of the review is to analyze 

previous studies in order to identify and pursue gaps in the literature. This chapter is 

divided into four sections. The first section provides an overview of the theoretical 

framework used in this study which was based on constructivist, conceptual change, 

and information process approaches, and their relevance to the principles of CSs 

learning. The second section reviews the studies of how CSs help students gain a 

deeper understanding of physics concepts, which reflects their learning and attitudes. 

This section also tackles studies on how the use of an inquiry-based instruction helps 

students enhance their understanding of physics concepts. At the end of this section, 

the chapter explores studies about teaching NSLOM with CSs, as well as studies that 

do not found statistically significant benefit when using CSs as part of a physics 

instruction. In summary, this chapter focuses on how CSs and inquiry-based learning 

activities combine to improve students’ attitudes towards physics and enhance their 

performance.  

2.2 Theoretical Framework 

The theoretical framework of this study is of threefold: it is based on a 

constructivist approach, an information process approach, and a conceptual change 
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approach. These approaches have influenced the design of educational interventions 

used in this study, specifically integrating CSs into the learning design, and are closely 

and consistent with student needs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The Theoretical Framework of this Study 

information 

process approach 

conceptual 

change approach 

constructivist 

approach 

shape instructional practices, active and 

meaningful learning and improve quality learning. 

Learning Approaches 

Human learners are 

the same information 

processors as 

computers. When 

learning occurs, 

information is entered 

from the 

environment, 

processed, stored in 

memory, and released 

in the form of 

educational 

capabilities. 

Learning is the 

interaction between 

what a person knows 

and the conceptual 

structure that he 

already possesses. It 

is the basis for 

understanding how 

students develop 

alternative concepts 

around the scientific 

world. 

Learning 

emphasizes the 

process of creating 

knowledge by 

students themselves. 
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students' thinking 
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The three approaches provide a framework for understanding how knowledge 

is structured and learned as shown in Figure 1. Each approach provides a different 

perspective to viewing learning and provides essential elements that make student 

learning active and meaningful, as well as improve quality learning. Furthermore, each 

approach has influenced and shaped instructional practices. 

2.2.1 Constructivist Approach 

The basic idea of constructivism is that knowledge construction takes place in 

one’s mind (Dory & Belcher, 2005; Robottom, 2004; Asan, 2007). Knowledge in 

constructivism cannot be obligatorily transported from one students’ mind to another’s 

mind (Papert, 2020). According to the constructivist approach, instruction must enable 

learners to be actively involved in knowledge construction and active in the learning 

process (Philips, 1997; Hirshman & Bjork, 1988). Konicek-Moran and Keeley (2015) 

stated that when students understand the concept, they can make it their own and they 

can think about it and use it again in areas other than what they have learned before. 

Furthermore, they are able to paraphrase it, express it metaphorically or analogically, 

and form its mental or a physical model of it (Konicek-Moran & Keeley, 2015). 

Constructivism not only focuses on knowledge but also has a fundamental 

impact on the concept of learning and teaching. The constructivist approach promotes 

meaningful learning and deeper understanding of physical phenomena (Dori & 

Belcher, 2005, p. 246) and provides students with the opportunity to construct, test, 

and evaluate their own learning (Papert, 2020; Hirshman & Bjork, 1988; Stieff, 

Bateman & Uttal, 2005). The constructivist view is conducive to learner-centered 

education that relies on student activity rather than teacher activity (Philips, 1997; 
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Papert, 2020). Constructivist teaching leads to meaningful learning and understanding 

and encourages learners to generate knowledge in their minds (Philips, 1997; Dori & 

Belcher, 2005). In this way, learners become "owners" of knowledge. This ownership 

allows students to enthusiastically understand knowledge that cannot be achieved only 

by memory (Dori & Belcher, 2005). The constructivist teaching method places greater 

responsibility in the hands of the student than the teacher (Hirshman & Bjork, 1988; 

Dori & Belcher, 2005; Stieff, Bateman & Uttal, 2005). Teachers must be facilitators 

to help students develop the ability to understand and perform difficult tasks in a 

meaningful environment, develop different teaching materials and strategies for 

different learners based on their abilities and teaching style (Papert, 2020). 

Constructive learning environment allow students to form their internal 

representation of phenomena to resolve their cognitive conflicts (Srisawasdi & 

Panjaburee, 2015). Therefore, CSs are considered an effective learning tools due to its 

ability to integrate graphics and animation that allows students to experience nuanced 

processes and procedures (Husain, 2010; Stieff, Bateman & Uttal, 2005). CSs create a 

unique way of visualizing phenomena and allow users to interact with the dynamics of 

the model system, which help students visualize the phenomenon (Srisawasdi & 

Panjaburee, 2015). The use of visualization tools supports students to create separate 

models of scientific phenomena and to develop deep understanding and improve their 

problem-solving skills (Stieff, Bateman & Uttal, 2005, p. 110). Wherefore, Stieff, 

Bateman and Uttal (2005) suggested two education approaches based on constructivist 

theory to support the use of visualization tools. The first education approach is inquiry 

and the second approach emphasize interactive processes of science learning (Stieff, 

Bateman & Uttal, 2005, p. 110).  
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CSs through visualization will help establish contacts and attract attention, and 

that is why students become active participants. Well-designed simulated structural 

applications allow students to make assumptions about the phenomena associated with 

the problem-solving method. The ability to repeat situations and test can provide 

consistency in predicting outcomes in parallel to classroom discussions (Hirshman & 

Bjork, 1988; Stieff, Bateman & Uttal, 2005), and it provides a variety of tools that 

support the student to construct their own knowledge in a way that leads to efficient 

learning and facilitates building knowledge (Husain, 2010). For example, PhET 

simulation is designed to display multiple charts and quantitative information windows 

at the same time. The window in Figure 2 shows an active simulation of the force and 

motion of selected objects. The design provides students with a visualization of 

phenomena associated with force and motion to help them develop a more scientific 

approach to the concepts of force and motion. Students then calculate the applied force, 

friction, position, velocity, and acceleration. These readouts and graphical 

representations help students understand motion-related math. 

Within the inquiry-based environment, CSs offer great potential as an 

intermediary to contribute to constructivism. This is because CSs aim to simulate the 

reality closest to the small world and include real relationships with many in the 

reference system (Hirshman & Bjork, 1988; Stieff, Bateman & Uttal, 2005). CSs are 

consistent with the constructive assumptions that suggest that learning is an active 

process in which students actively participate in the construction of coherent and 

structured meanings of knowledge (Husain, 2010; Philips, 1997; Stieff, Bateman & 

Uttal, 2005).   
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Figure 2: Active Simulation of Force and Motion of Selected Objects 

CSs encourage independent, experimental, and discovery learning, meanwhile, 

students can interact with the system by changing parameters and monitoring its effects 

accordingly (Husain, 2010; Philips, 1997; Stieff, Bateman & Uttal, 2005). Students 

actively engage in CSs-assisted data collection and analysis, will enable them to 

recognize their existing thinking gaps (Srisawasdi & Panjaburee, 2015; Philips, 1997). 

Additionally, constructive learning with CSs carried out successfully when students 

associate prior knowledge and experience with the large amount of material provided 

by classroom simulations to develop or infer explanations and principles (Srisawasdi 

& Panjaburee, 2015; Dori & Belcher, 2005). 

In summary, the constructivist approach is an important framework to this 

study that considers learning takes place through experience, which is the key to this 

approach, as experience affects thinking and thinking affects knowledge. CSs 



26 

 

 

 

 

 

 

emphasize that the intellectual buildings of students will actively construct new 

knowledge based on what they know or can do by interacting with their surroundings 

to understand the world. CSs support constructivism by promoting independence, 

experimentation, and learning through discovery. Meanwhile, students can interact 

with the system by changing parameters and tracking their effects accordingly. 

2.2.2 Conceptual Change Approach 

The origins of the conceptual change as a method of learning are in the 

thinking of Thomas Kuhn, who suggested that science operates on a set of common 

beliefs, assumptions, obligations, and practices that make up the paradigm (Gafoor & 

Akhilesh, 2010). Conceptual change approach suggests that the way the change is 

defined in the concept indicates that the schema has been modified (or reorganized) to 

change the concept or the process by which new schema is formed. But the individual 

remembers their previous pattern (Nadelson et al., 2018; Posner, Strike, Hewson & 

Gertzog, 1982). Dole and Sinatra (1998) found that conceptual changes show that 

when new concepts are formed, they become dominant, and that previous concepts can 

no longer be considered and may even be lost. 

As Crawford (2007) pointed out that, the role of students in the learning process 

is more important than that of teachers, where students become independent by 

creating ideas in their minds and finding solutions to problems. Therefore, a 

combination of practice, discussion, and reflection promotes conceptual change, and 

learning is enhanced if students find important topics amusing and relevant to their 

daily lives or experiences (Wafer, 1996, cited in Lederman & Abell, 2014). 
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Additionally, observations for empirical evidence that support conceptual 

understanding should be clear and accurate (Posner, Strike, Hewson & Gertzog, 1982).  

 In his theory, Hennessey’s (1993) mentioned that the process of learning in a 

conceptual change approach depends on the extent to which the individual’s 

conceptions are integrated with new information. If learners are dissatisfied with 

previous concepts and the available alternatives conception are intelligible, plausible 

and/or fruitful, accommodation of the new conception may follow (Dole & Sinatra, 

1998; Posner, Strike, Hewson & Gertzog, 1982). Renken and Nunez (2013) stated that 

the process of understanding scientific concepts requires the existence of direct and 

long-term cognitive mechanisms that affect the structure of individual knowledge. 

Short interactions such as CSs facilitate the acquisition of complementary 

knowledge and conceptual changes (Chang et al., 2008). CSs provide a rich 

environment that eliminate distractors and constrain learning to relevant evidence 

(ChanLin, 2001; Posner, Strike, Hewson & Gertzog, 1982), thus promoting conceptual 

change. It is well suited to reduce complexity through tools such as slow-motion 

experimental observations in the process of hypothesis formation, experimentation, 

and data interpretation (Chang et al., 2008; Posner, Strike, Hewson & Gertzog, 1982), 

as well as clarifying observations (Renken & Nunez, 2013; Coştu et al., 2017). For 

example, CSs-consistent learning about how nuclear fission works; it is difficult for 

students to observe interaction, in addition, students can deal directly with variables 

(e.g., mass, temperature, etc.), and they can immediately see the effects of these 

variables on the predetermined exploration and provide productive feedback to dispel 

the student misconceptions. 
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CSs provide a bridge between knowledge before and after learning physics, 

and students actively develop an understanding of science by rewriting, 

reducing misunderstandings, and introducing conceptual changes (Samsudin, 

Suhandi, Rusdiana, Kaniawati & Coştu, 2016). CSs make visual modeling more 

realistic, abstract systems are more tangible, or a graphical representation of abstract 

systems (Wibowo et al., 2016). CSs are a powerful tool with valuable educational 

capabilities to help students understand scientific concepts and facilitate conceptual 

change (Adams et al., 2008). Additionally, Trundle and Bell (2010), emphasized the 

importance of integrating CSs within an inquiry based learning environment to 

promote conceptual change. As a result, CSs appear as promoters of conceptual change 

with great potential. Due to its ability to visualize the learning and allow users to 

interact with the dynamics of the model system, it creates a unique method that can 

help students visualize the learning context. Through CSs, students can monitor 

interconnected systems, make changes to the systems, tolerate the effects of these 

changes, and then make the system effective to see results.  

In summary, CSs are an important tool for initiating conceptual change.  It 

provides insights that provide a deeper understanding of the learning process. It 

shows how learning takes place and how cognitive strategies improve students’ 

learning processes. It helps students to organize the information to retrieve it later 

based on the information formerly attained, plausibility of a new concept based on 

intelligibility. It also guides the CSs, which are under investigation in the present study. 

In CSs, elect cases were tested quickly, and these fruitfulness assumptions made elect 

cases retrospective. If students set simulations conditions to validate predictions and 
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students can understand what they are doing with the system, they can improve their 

understanding of the event. 

2.2.3 Information Process Approach 

Information processing approach is a cognitive approach to understanding how 

the human mind transforms sensory information (Brown, 2015). According to 

information processing approach, human students are information processors just like 

computers, because the information from the environment is subject to mental 

processes beyond the simple stimulus-response pattern (Brown, 2015). Terry (2009) 

and Brown (2015) assume that information processing is involved in all cognitive 

activities; perceive, practice, think, solve problems, remember, and imagine. The 

information processing approach states that the construction of knowledge represents 

the outside world (Brown, 2015). This point of view assumes that information from 

the environment is limited to intellectual processes rather than simple models 

of response to stimuli. 

Information processing approach has three phases: sensory memory, working 

memory, and long-term memory, as shown in Figure 1 above. Additionally, 

information processing approach work as follows; first, sensory memory is where 

information is collected from the environment. Environmental stimuli (i.e., images, 

sounds, tastes, smells and feelings) enter sensory memory, where they are 

converted into information, and this information is stored for a short time (Slavin, 

2015; Zhou & Brown, 2015; Lawless, 2019; Baker, 2016; Artino, 2008; Lutz & Huitt, 

2003). Second, short-term memory is called working memory (Sweller, van 

Merriënboer & Paas, 1998; Lutz & Huitt, 2003), that’s where awareness exists, the 
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world meets, and it is also a place to think. Limited information can be stored 

in a matter of seconds (Zhou & Brown, 2015; Lutz & Huitt, 2003). Finally, long-term 

memory involves storing and recalling information over a long period of time, such as 

hours, days, weeks, or years (Zhou & Brown, 2015; Lutz & Huitt, 2003; Artino, 2008). 

Information should be combined with prior knowledge and encoded for permanent 

storage in long-term storage (Zhou & Brown, 2015; Lutz & Huitt, 2003; Artino, 2008). 

As a result, lack of any aspect of memory can prevent children from acquiring the 

skills and knowledge necessary for a successful life (Dehn, 2008).  

Learning is more than just sharing information. It is a process by which 

knowledge is linked and organized into a conceptual framework. The information 

processing approach does not focus on the results of the behavior, but on the 

conception and process inward in human learning. Therefore, as learning takes place, 

information is entered from the environment, processed, stored in memory, and 

released in the form of educational capabilities (McLeod, 2008; Zhou & Brown, 2015). 

CSs Provide an ideal environment to promote student’s attention and awareness of the 

information received, make suggestions about and contribute to students using retrieve 

stored information, teach skills to stay active in working memory, and ways to store 

information (Tangen & Borders, 2017). 

In summary, CSs provide a supreme environment for easily assisting in student 

attention and awareness of the information received, using retrieved stored information 

to advise students, teaching skills to stay active in working memory, and how to store 

information. 
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Based on the contribution of the approaches (Constructivism, Conceptual 

Change, and Information Process), Figure 3 represents how CSs contributes to the 

three approaches to improve students’ active and meaningful learning. CSs act as 

powerful tools that allow students to add and connect new knowledge to present 

knowledge buildings. This help students to understand these common mistakes when 

they face a particular problem.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Relationships Between the Components of the Theoretical Framework 

 

Based on the connections presented in Figure 3, CSs make visual modeling and 

abstraction systems more realistic. Because they mimic the closest little world reality 

and include a lot of real things, and relationships in the frame of reference. CSs 

promotes students’ active and meaningful learning. This allows the students to engage 
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with content in meaningful ways, such as easily collecting data, performing complex 

analyses, and providing specific feedback necessary for learning (Brown, Hinze & 

Pellegrino, 2008), which reflect a reduction in the cognitive burden (Sokolowski, 

2013). CSs allow students to develop their knowledge internally and use it effectively 

to solve problems and support their learning process, as well as a kind of interaction 

between students and programs.  

2.3 Computer Simulations 

The word simulation in Etymology dictionary, means "a false spectacle, false 

profession," from the Latin simulationem (nominative simulatio) "an imitating, 

feigning, false show, hypocrisy". Meaning "a model or mock-up for purposes of 

experiment or training" (Etymonline.com, 2020). In practice, however, the term 

"simulation" has several meanings, which differ depending on the context and the 

specific goal. The most commonly used methods are understanding, prediction, 

decision support, design and modeling, training, and entertainment (Landriscina, 2013, 

p.4). 

CSs are programs that have a representation of real systems or phenomena, and 

they have many functions that are particularly useful in science education (Blake & 

Scanlon 2007; De Jong & van Joolingen, 1998). CSs can be developed by providing 

dynamic theoretical models or simplified models of phenomena or processes by 

encouraging students to observe, discover, reconstruct, and instantly receive feedback 

about objects, events, and processes (McDonald, 2016; Perkins, et al., 2006; Wieman, 

Perkins & Adams, 2008; Council, 2011; Widiyatmoko, 2018). CSs can individualize 
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learning according to each student’s speed, interests, and abilities, and contextualize 

learning in an interactive virtual environment (De Jong & Van Joolingen, 1998). 

CSs are designed to facilitate teaching and learning through visualization and 

interaction with dynamic models of natural phenomena. Holec, Spodniaková 

Pfefferová and Raganová (2004), argued that CSs can communicate dynamic 

information more accurately and help students to visualize various phenomena. They 

enable students to see things that are usually too fast, too slow, or hidden (Holec, 

Spodniaková Pfefferová & Raganová, 2004, p. 230; Widiyatmoko, 2018). 

Furthermore, according to Council (2011), CSs have great potential to stimulate 

students’ interest and help them deepen their understanding of scientific concepts and 

scientific processes. It enables learners to see and interact with the expression of a 

natural phenomenon, which stimulate learners’ challenges and immediate reactions 

(Council, 2011; Widiyatmoko, 2018). CSs show simpler versions of the natural world; 

They can make students focus more on the desired phenomenon (Perkins, et al., 2006; 

Wieman, Perkins & Adams, 2008; Widiyatmoko, 2018). Consequently, CSs may 

benefit when multiple experiments have to be repeated, for example, from rolling the 

ball down the slope while changing mass, tilt angle, or friction coefficient 

(Widiyatmoko, 2018). In addition, CSs may allow students to visualize objects and 

processes that are normally beyond the student’ control in the natural world (De Jong, 

Linn & Zacharia 2013). Finally, CSs provide students with a realistic experience 

through which knowledge can be acquired and manipulated to better understand the 

relationship between the concepts studied (NGSS, 2013; Widiyatmoko, 2018). 
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A number of studies have shown that students who used CSs were more 

successful than students who did not (Bozkurt, & Ilik, 2010; Zacharia & Anderson, 

2003; Çetin, 2018; Abou Faour & Ayoubi, 2017; Oymak & Ogan-Bekiroglu, 2017; 

Sari, Pektaş, Çelik, & Kirindi, 2019; Sari, Hassan, Güven & Şen, 2017; Kattayat, Josey 

& Asha, 2016). Consequently, incorporating CSs into school physics will have a 

positive effect on students’ level of physics knowledge, that they will be interested in 

using CSs, and that research has shown that CSs can increase students’ motivation and 

interest in learning (Holec, Spodniaková Pfefferová & Raganová, 2004). Similarly, 

Bakaç, Kartal and Akbay (2011), investigated the impact of CSs-based instruction 

on adolescent students’ attitudes towards physics and they found that CSs-based 

instruction improves students’ academic achievement in physics. However, it has been 

noticed that little research has been done on the impact of CSs on students’ learning, 

particularly on NSLOM and attitudes toward physics. Thus, this study will help to 

better understand how students learn physics with CSs within an inquiry-based 

learning environment.   

2.3.1 Impact of Computer Simulations on Students’ Learning 

The integration of CSs and its various resources has enriched the learning and 

teaching environment of physics learning, increasing the effectiveness of physics 

teachers in the classroom, as well as the learning and achievement of students 

(Mengistu & Kahsay, 2015; Smetana & Bell, 2012; D’Angelo et al., 2014; Wieman, 

Adams, Loeblein & Perkins, 2010; Sari, Pektaş, Çelik & Kirindi, 2019; Oymak & 

Ogan-Bekiroglu, 2017; Aşıksoy & İşlek, 2017).  



35 

 

 

 

 

 

 

CSs have great potential to improve science learning in elementary, secondary, 

and undergraduate science curricula. They can adapt learning according to the pace, 

interests, and capabilities of each student, and set the learning context in an attractive 

virtual environment (Honey & Hilton, 2010). According to Honey and Hilton (2010) 

using CSs in informal settings can provide students with opportunities to develop very 

personal interests and pursuits. Moreover, Honey and Hilton (2010, p. 85) lists five 

reasons why the CSs have become so dominant and have the potential to influence 

students: 

• Significantly increase the “time on task” aspect of learning. 

• Provide new forms of engaging with science. 

• Help show students how science is relevant to their daily lives. 

• Increase the transfer of learning by exposing the student to knowledge in a different 

context. 

• Provide opportunities for children to explore and develop “passion topics” that 

might serve as gateways to further science study. 

There was a great interest in studying the impact of CSs on secondary school 

students learning on various topics in physics. These studies have considered the 

relationship between CSs and other factors that affect secondary school students’ 

learning, such as cooperative learning, students’ beliefs, student participation, critical 

thinking, science process skills, etc. (Smetana & Bell, 2012; D’Angelo et al., 2014; 

Mirana, 2016). Research has shown that, compared to non-simulated instructions, 

when CSs are used as part of a teaching strategy to learn about abstract concepts in 

physics, it has advantages in students’ achievement, and it can help these students 
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better understand these concepts (Smetana & Bell, 2012; D’Angelo et al., 2014; 

Mirana, 2016). 

A recent study carried out by Dervić, Glamočić, Gazibegović-Busuladžić and 

Mešić (2018) compared the effects of teacher-centered to student-centered Physlet-

based classes about one-dimensional kinematics at the level of upper-secondary 

school. The sample consisted of 43 students (mostly 15-year-olds). As part of a 

teacher-centric approach, teachers performed and controlled the simulations, and 

students observed the simulation on a projected screen. The results showed that 

progress from a teacher-centric approach to a student-centric approach may be 

optimal for learning new concepts.  

Çetin (2018) found similar results in two quasi-experimental groups of studies 

investigating the effectiveness of simulation-based cooperative learning in student’s 

achievement in physics, science process skills, attitudes towards physics, and usage 

interactive whiteboards. In the experimental group (N = 24), students taught with 

Student Teams Achievement Division (STAD) method with the integration of 

simulations in electricity subject, in the control group (N = 25), traditional learning 

supported by simulations. The results showed that cooperative simulation-

based learning had a more positive impact on student achievement in physics than 

traditional learning. 

Bakaç, Kartal and Akbay (2011) conducted a study to observe the effect of 

Computer-Assisted Instruction (CAI) with simulation techniques on students’ success 

in learning “electric current.” Quasi-experimental methods were used. A research 

group was formed by a group of 28 students in the eleventh 
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grade of the Chemistry department at Izmir Konak Technical School; These 

students then formed an experiment (N = 14) and a control group (N = 14). The CAI 

technology was used to teach the experimental group’s "electric current" and 

the control group’s traditional learning method. The study concluded that CAI could 

improve students’ academic achievement in " electric current." One of the weaknesses 

of this study was that the sample size was too small, so it would be difficult to 

generalize the results. Nevertheless, Bakaç Kartal and Akbay (2011) indicated also 

that regardless of topic, CAI with simulation techniques can help students improve 

their achievement of various physics concepts. This view is supported by Dilshad, 

Malik, Tabassum and Latif (2016) who claimed that CSs improve students’ 

achievement level. 

A detailed study of the methods of computer-based simulations by Hannel and 

Cuevas (2018) showed that, both the control group and the experimental group had 

academic gains, while there were statistically significant differences in the concept 

of density of the control group. The results also showed a statistically significant 

correlations between self-efficacy and scientific learning value, self-efficacy and 

active learning strategies, effectiveness and self-achievement goals, self-efficacy, and 

performance goals. These results indicated that while learning the concepts of density 

and the greenhouse effect, students benefited from the use of CSs as they could 

improve academic performance in the areas of density, scientific learning value, and 

self-efficacy. One of the benefits of this study was the huge number of participants. 

However, one of the weaknesses was that the sample consisted of students from the 

working class and from the lower socioeconomic status of the middle school. The 

demographics are predominately Hispanic, Asian, and Caucasian. In addition, the 
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participants were also 6th grade students, whose education mainly focused on density 

and the greenhouse effect in two different learning units. Finally, among the students 

were special education and gifted students, which may have influenced the results. 

A recent study by Batuyong and Antonio (2018), explored the effects of 

electromagnetic activity based on the interactive simulations of PhET on students’ 

performance and learning experience. Simulated interactive activities based on 

Physics Education Technology Interactive Simulation-based Activities (PhET.ISbA) 

were tested by 200 tenth graders to determine their effectiveness in teaching physics 

concepts, especially electromagnetism, by a set of a quasi-experiment designed for pre 

and posttest. The data collected showed that PhET.ISbA was developed to be relatively 

effective in terms of learning outcomes, teaching characteristics, and assessment. The 

test results showed that students’ performance in learning physics has been 

significantly improved. Replies to informal interviews and comments in student 

science journals showed that when using PhET.ISbA in teaching, they have gained 

important learning experiences that are summarized in three main topics: “Learning 

physics is fun, learning real physics, and learning physics is simple and easy, so 

PhET.ISbA was developed to be an effective educational subject for physics teaching, 

especially electromagnetism. 

Riaz and Morote (2015) identified student engagement, critical thinking, 

cooperative learning, and use of CSs as the major factors that can predict student 

performance as reported in secondary school physics classes. The results indicated that 

student performance may be predicted through student engagement, critical thinking, 

and simulations. In addition, how teachers use CSs as an honorable variable for 
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collaborative learning, and how teachers’ value CSs in physics classes to influence 

student performance. 

The research has shown that using CSs is effective approach to enhance 

conceptual understanding of physics concepts. For example, Abou Faour and Ayoubi 

(2017), investigated the impact of the use of CSs on the conceptual understanding of 

10th graders about DC circuit. The study sample consisted of 50 students from 10th 

grade at an official secondary school in Mount Lebanon. students were randomly 

divided into two groups, the experimental group, CSs were used for teaching, and 

experimental activities were carried out through the Circuit Construction Kit 

developed by the PhET simulation. However, the control group was taught using real 

laboratory equipment. Both groups were pre and post-tested.  Data analysis showed 

that, the concepts of DC circuits were significantly improved in both groups. But the 

mean score for the experimental group was significantly higher than that for the control 

group. 

Other study conducted by Mirana (2016) examined the effects of a developed 

lessons integrating CSs and constructivist approach on students’ epistemological 

beliefs, motivation, and conceptual understanding in electricity. The study used the 

pre-experimental single-group pretest and posttest study. The study was conducted by 

using PhET and other web-based simulations. The results showed that the use of CSs 

can be effectively promote students’ understanding of physics. 

These results indicated that using CSs help students to understand 

different abstract physics in different situations, such as electricity (Abou Faour & 

Ayoubi, 2017; Mirana, 2016) and buoyancy phenomena (Srisawasdi & Panjaburee, 
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2015). However, the use of CSs is only a fragment of the physics class. It is important 

to note that the improvement of students’ conceptual understanding may be due to 

other factors. For example, (1) constructivist approach (Mirana, 2016), (2) simulation-

based inquiry (Srisawasdi & Panjaburee, 2015; Abou Faour & Ayoubi, 2017), and (3) 

cooperative learning (Riaz & Morote, 2015). 

Several studies have been conducted to compare the effectiveness of CSs with 

that of the traditional laboratories. For example, Psycharis (2011) found that a well-

designed CSs allow student to predict the outcome of a particular action, understand 

why observed events occur, evaluate ideas, gain insight, and stimulate critical thinking. 

Sarabando, Cravino and Soares (2014) investigated the impact of CSs on teaching and 

the way children learn. The results showed that the overall benefits were higher when 

students used CSs, alone or in "practical" activities. McKagan, Handley, Perkins and 

Wieman (2009) researched the implications of reforming the physics curriculum. 

Among other changes, CSs of the photoelectric effect were performed in the 

classroom. As shown by improved test results, the modified method has improved the 

ability to predict experimental results of photoelectric effects. 

Sreelekha (2018) designed and conducted a study to determine the 

effectiveness of CSs in achieving practical physics for high school students in the third 

education area in Lagos State, Nigeria. This study used a pre-test and post-test design 

for a quasi-experimental study group. Using the multi-stage sampling method, 219 

high school student physics samples were taken from six joint educational schools in 

the third education district. Three research instruments were used to collect 

research data: A practical physical achievement test, a practical skills assessment 
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scale, and a student attitude scale (SAIS), were used to collect research data. The study 

showed that students in the experimental group (CSs teaching strategy) had a 

higher average level of the acquisition of practical skills and mastery of students in the 

teaching strategy of the control group (traditional).  

Adesina (2013), studied the effects of CSs experiments on the results of 

students learning in physics practice. The sample included students from 359 high 

schools randomly selected from six schools in Owerri and Orlu Districts in Imo State, 

Nigeria. There were three treatment groups: CSs experience only, CSs experience with 

hands-on experiment, and hands-on experiment only. Students’ level of mathematical 

reasoning is also presented as a host variable. Combined scores of Students’ 

operational skills were used in physical practice and physical achievement test as 

dependent variables. The results showed that the students who received CSs and 

practical experiments performed better in the three groups. Results showed that CSs 

experiments are better than hands-on experiments.  

The interest in the impact of CSs has gone beyond the general education level 

to undergraduate students. For example, Bayrak (2008) examined the effect of CSs on 

undergraduate students’ learning in geometric optics. By comparing between students 

who receiving computer-assisted education with students who received direct 

education, the results of the study showed that there was a positive relationship 

between student achievement and CSs in improving physical understanding. Similarly, 

Bozkurt and Ilik (2010) conducted a study to find the impact of interactive simulations 

teaching on undergraduate students’ beliefs in physics and physics achievements. The 

study examined 152 students who received a General Physics 1 course in the 2008-
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2009 academic year. In this study, a survey entitled "Colorado Learning Attitudes for 

Scientific Investigations" was used. In addition, achievement tests were used to 

measure Students’ success in physics. The results indicated that interactive simulations 

lessons have a positive impact on Students’ beliefs in physics and physics 

achievements. 

Hazelton, Shaffer and Heron (2013), sought to investigate the impact of using 

real-world circuits or an interactive circuit simulation on undergraduate students’ 

understanding. Based on the understanding of the concept after mentoring, three 

groups of students were compared, and they completed the tutorial on multiple-loop 

circuits in the introductory physics tutorial, where one of the groups was taught using 

real circuits and two experimental groups were taught using simulations. Results 

showed that students who used simulations completed this tutorial faster and 

scored higher on conceptual questions than students who used actual circuits. 

Finkelstein, Perkins, Adams Kohl and Podolefsky (2005b) investigated the 

implications of using CSs to replace actual laboratory equipment. The direct current 

circuit laboratory has been modified to compare the effects of CSs use with the effects 

of using real lighting lamps and wire meters. Three groups of students were compared, 

and their competence in physical concepts and skills with real equipment was also 

compared: Students using physical equipment, students using CSs, and students 

without laboratory experience. The results revealed that students who used the 

simulated equipment outperformed their counterparts both on a conceptual survey of 

the domain and in the coordinated tasks of assembling a real circuit and describing 

how it worked. 
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Sari, Pektaş, Çelik and Kirindi (2019), studied the use of computer-based 

laboratory. In this case, the effects of computer-based laboratory applications on 

students’ graphing skills, comprehending and interpreting, attitudes towards the 

physics laboratory, and the motivation of science learning were examined. The 

experiments involved 60 college students. The control group conducted experiments 

on the laws of motion in a computer-based laboratory, and the experimental group 

conducted similar experiments in a virtual laboratory. Research data is collected 

through attitude measures, motivational measures, graphical tests, understanding and 

interpretation test. The results showed that computer-based laboratory methods were 

more effective in enhancing students’ ability to draw, understand, and interpret 

drawings than in virtual laboratory applications. In addition, compared to virtual lab 

applications, computer-based lab applications are more effective in improving student 

communication, collaborative work, and stimulating participation. Moreover, the 

results of the study also indicated that computer-based laboratory applications in 

physical laboratories are more effective than virtual laboratory applications. 

Tawil and Dahlan (2017) analyzed the impact of 

PHET computer simulations on the development of students’ creativity in learning 

quantum physics. There were 120 students in the department of physics education at 

Makassar State University. A pre-test and post-test experimental design was used, 

with students randomly divided into experimental or control groups. Interview forms, 

observation forms and questionnaires were used to obtain qualitative data. The results 

showed that there was a significant difference in creativity between the experimental 

and the control groups. Interview results showed that students earning through 

computer simulation-based learning believed that it helped them to improve creativity 
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in quantum physics. Students in the experimental group showed that they preferred to 

use CSs as an educational tool, and the program, which could help teachers teach 

quantum physics. 

So far, CSs provide students with the opportunity to manipulate variables and 

monitor results in an open environment, as well as easier to learn and perform tasks in 

a relatively realistic environment (Bayrak, 2008; Hazelton, Shaffer & Heron, 2013; 

Finkelstein et al., 2005b; Tawil & Dahlan, 2017). Unfortunately, this research is 

limited to the subjects of geometric optics, electricity, and quantum physics, as 

well as the beliefs and achievements of the students. However, there has been scarcity 

of research on the use of CSs at the high school level and NSLOM instruction, as most 

studies tackle undergraduate students in topics such as: electricity (Hazelton, Shaffer 

& Heron, 2013; Bozkurt & Ilik, 2010), optics and quantum physics (Bayrak, 2008; 

Tawil & Dahlan, 2017). Therefore, the goals of this study were to investigate the 

impact of CSs on students’ NSLOM learning and attitudes toward physics within the 

context of scientific inquiry instruction. 

2.3.2 Computer Simulations and Physics Instruction 

Physics is essential to understanding the world around us (Hannel & Cuevas, 

2018; Lamina, 2019; Adams et al., 2008; Posner, Strike, Hewson & Gertzog, 1982; 

Çetin, 2018; Batuyong & Antonio, 2018). It is also considered one of the most difficult 

subjects in school (Radulović, Stojanović & Županec, 2016; Dori & Belcher, 2005; 

Sari, Pektaş, Çelik & Kirindi, 2019; Sarı, Hassan, Güven & Şen, 2017). Abdi (2014) 

argued that traditional classrooms are usually dominated by one-sided teaching, and 

the student is largely non-participatory. To make physical learning effective, 
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it should encourage learning that leads to conceptual understanding (Stern & Huber, 

cited in Batuyong & Antonio, 2018). 

Studies have shown that the use of CSs instruction provides better results 

compared to traditional instruction in students’ attitudes, scientific knowledge, and 

achievements (Kattayat, Josey & Asha, 2016; Bakaç, Kartal & Akbay, 2011). Bozkurt 

and Ilik (2010) found that the interactive simulations courses have had a positive effect 

on students’ beliefs about physics. In addition, the results showed that the use of CSs 

is more effective in improving students’ learning and attitudes toward physics when 

learning most physics concepts (Holec, Spodniaková Pfefferová & Raganová, 2004; 

Rutten, Van der Veen & van Joolingen, 2015; Sari, Pektaş, Çelik & Kirindi, 2019; 

Aşıksoy & İşlek, 2017, Pyatt & Sims, 2012; Almeqdadi & Halar, 2017). CSs are 

particularly important applications in physics education because it can support a robust 

modeling environment that incorporates the concepts and processes of physics 

(Jimoyiannis & Komis, 2001). 

Mengistu and Kahsay (2015) examined the use of CSs as an educational tool 

to help students understand the concept of electrical force and electrical fields. One 

hundred students participated in the study and were divided into an Experimental 

Group (EG), which was studied by CSs; a Control Group (CG), which was studied 

using traditional lecture methods. Results showed that students in EG, showed better 

progress than CG. Similarly, Rutten, Van Joolingen and Van der Veen (2012) reported 

that all studies comparing instructions with or without CSs had yielded positive results 

that use CSs to replace or improve traditional lectures, Rutten, Van Joolingen and Van 

der Veen (2012) also reviewed empirical studies on the effects of CSs on science 
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education in the past decade, the researchers focused on two issues: how to use CSs to 

enhance traditional education, and how best to use CSs to improve the learning process 

and grades. They reported on CSs research to replace or enhance traditional education. 

The researchers looked at the impact of the change in how information is visualized, 

how teaching is supported, and how CSs are integrated into course scenarios. The 

reviewed literature provided strong evidence that CSs can improve traditional 

teaching, especially in laboratory activities. This results consistence with Bozkurta and 

Ilika (2010), who found that students who studied with the CSs are more successful 

than those who studied with traditional methods. 

Many researchers like; Bozkurta and Ilika (2010), Mengistu and Kahsay 

(2015), Rutten, Van Joolingen and Van der Veen (2012), and Eveline, Wilujeng and 

Kuswanto (2019) found that CSs are more effect than traditional instruction in teaching 

physics. Thus, Falloon (2020) argued that with the support of appropriate teachers, 

careful selection of CSs can effectively introduce students to simple physics concepts 

and provide them with opportunities to participate in higher order thinking processes.  

 Furthermore, CSs appear to meet the standards of constructive learning theory 

and knowledge construction (Mengistu & Kahsay, 2015). By building this new 

knowledge and by allowing students to make connections between ideas and concepts, 

they can improve their grades and deepen their understanding of concepts (Wieman, 

Adams, Loeblein & Perkins, 2010; Couch, 2014). Ghadiri, Norouzi and Fardanesh 

(2016) studied the effects of CSs based on a constructive approach to eliminating 

misunderstandings in physics lessons. The study used a quasi-experimental approach 

using pre-test and control design. The study included 216 students in the second year 
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of high school in Yazd Province. The results of the data analysis showed that CSs 

based on the constructive approach have significant differences in and eliminates 

misunderstandings of physical processes among physics courses. 

Jimoyiannis and Komis (2001) examined the effects of various educational 

interventions designed to help students’ transform alternative conceptions. Two 

groups of students (control group and experimental group) were studied to determine 

the role of CSs in the development of a functional understanding of the concepts of 

velocity and acceleration in projectile motions. Both groups received traditional 

classroom instruction on these topics. The experimental group also used CSs. The 

results showed that the students involved in the CSs show a significantly higher 

degrees in research tasks. Also, the results strongly support the use of CSs as an 

alternative educational tool to help students overcome cognitive limitations 

and deepen their functional understanding of physics. 

Various research studies showed that when using CSs with or without 

traditional lab experiments gives students a deeper understanding of the concepts being 

studied (Zacharia, 2007). For example, Oymak and Ogan-Bekiroglu (2017) conducted 

a study aimed to compare students’ conceptual knowledge and attitudes with physics 

lessons (technology supported teaching, laboratory-based teaching, and curriculum-

based teaching) using three different methods. Using 144 9th male students in high 

school as a sample. The results showed these students would be better students if CSs 

laboratory or laboratory-based teaching was included in teaching. Finkelstein et al. 

(2005b), compared the use of actual experimental equipment with the use of CSs to 

model the flow of electrons in a simple circuit. They found that students who used CSs 
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instead of real equipment performed better on conceptual questions related to simple 

circuits and developed a greater facility at manipulating real components. In addition, 

the CSs have proved to be a valuable tool for facilitating student learning if properly 

designed. 

Studies of physics in various context have revealed the important of CSs as a 

tool for teaching physics. For example, in Indonesia, Eveline, Wilujeng and Kuswanto 

(2019) explored the effects of scaffolding learning with PhET simulations on 

understand conceptual physics and independence in high school classrooms. The study 

design used the quasi-experimental of pre and post-test design. The sample was 27 

high school students in grade 10. The results of this study showed that in the PhET 

simulation-assisted scaffolding method, the learning of the student concept is different 

before and after learning. The results also indicated that PhET simulations learning 

using the scaffolding method has an impact on students’ learning independence. These 

results indicate that in high school, the PhET simulations scaffolding method can be 

used to enhance student autonomy in learning. In Taiwanese schools, Chang, Chen, 

Lin, and Sung (2008), compared the learning and abstract thinking abilities of 

Taiwanese high school students who completed traditional optical lab exercises with 

students who completed similar simulations labs. The results showed that students who 

used simulations performed better than students who completed traditional 

laboratories. 

In summary, research studies on physics education have found that the use of 

CSs not only encouraged learning activities in scientific learning, but also improved 

instruction, met the students’ learning styles, personal needs, improved achievement 
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in the field of physics, and supporting different types of students (such as visually 

oriented students) (Kattayat, Josey & Asha, 2016; Mengistu & Kahsay, 2015).  

Additionally, researchers suggest that CSs can be used as an accessory or alternative 

to other forms of teaching to enhance students’ understanding of physics concepts 

(Rutten, Van Joolingen & Van der Veen, 2012). According to Podolefsky, Perkins and 

Adams (2010), teachers found that CSs greatly improved students’ understanding of 

basic concepts that are difficult to understand. 

2.3.3 Computer Simulations and Inquiry- Based Learning 

Scientific inquiry refers to the multiple ways in which scientists study the 

natural world and provide interpretations based on the evidence obtained from their 

work. Kassir (2013) claimed that guided scientific inquiry investigations are designed 

to help students obtain specific answers through higher-order thinking processes and 

scientific activity skills. Mullis and Martin (2017) mentioned that there are five 

practices that are fundamental to scientific inquiry are represented in TIMSS 2019: 1) 

asking observational questions, 2) obtaining evidence, 3) working with data, 4) 

answering research questions and 5) making an argument from evidence.  

Inquiry-Based Teaching (IBT) is a learner-centered method of teaching 

(Kunnath & Kriek, 2018). It can be implemented that can effectively resolve 

confusion, generate new ideas, motivate students, and help them learn from each other 

(Mirana, 2016). From a teaching perspective, Pedaste et al. (2015) claimed that 

complex scientific processes are divided into smaller, logically connected units 

(orientation, conceptualization, investigation, conclusion and discussion) that can 

guide students, and draw attention to the important features of scientific thinking. 
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Inquiry-Based Learning (IBL) is an educational technique where students can 

develop knowledge in a manner like professional scientists (Keselman, 2003; Rutten, 

Van der Veen & Van Joolingen, 2015). IBL is an educational strategy that allows 

students to discover knowledge through experiments, CSs, and investigations 

(Abdallah, 2018; Avsec & Kocijancic, 2014). Abdi (2014) argued that students who 

are guided by investigative IBL achieved a higher score than students who were guided 

by traditional methods. In IBL, Secker (2002) and Radulović, Stojanović and Županec 

(2016) have noted that, children participate in the many activities and thought 

processes that scientists use to create new knowledge. Some definitions are used for 

the inquiry. Tairab and Al-Naqbi (2017) viewed the inquiry as a form of teaching that 

allows students to develop their own scientific knowledge through active learning 

rather than acquired learning. The inquiry also indicates the activities students 

undertake as they develop knowledge and understanding of scientific ideas, as well as 

an understanding of how scientists study the natural world (NRC, 1996; Secker, 2002).  

Several studies support the effectiveness of IBL as an instructional approach 

(Pedaste et al., 2015; Mullis & Martin, 2017; Rutten, Van der Veen & Van Joolingen, 

2015; Radulović, Stojanović & Županec, 2016). For example, Cairns and 

Areepattamannil (2019) conducted a study using three-level Hierarchical Linear 

Modeling (HLM) as an analytical strategy to study the relationship between inquiry-

based science teaching, scientific achievement, and personality. Out of 4,780 schools 

in 54 countries of the world, 170,474 15-year-old students are all interested in science. 

The results of the HLM analysis showed that inquiry-based science education is very 

important. It is highly positively related to the personality of science, such as interest 
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and enjoyment of learning science, effective future scientific motives, scientific self-

concept, and self-efficacy.  

A study conducted by Abdi (2014) found that the use of inquiry-based learning 

methods in science classes gave students a better understanding of scientific principles. 

The study included 40 fifth graders, 20 in the control group, and 20 in the experimental 

group. Overall, the study found that students who used inquiry-based approach to 

learning were more successful on achievement tests than traditional methods.  

Students should understand the process of scientific inquiry. They should be 

mastered in the science room and understanding through the process of learning 

outside of school (Pedaste et al., 2015; Radulović, Stojanović & Županec, 2016). IBL 

uses also concern of TIMSS, for example, in TIMSS 2019, some items in grades 4 and 

8 evaluated one or more of these important scientific practices of IBL, as well as 

specific thinking processes in the content and cognitive areas (Mullis & Martin, 2017). 

As such, the MOE of the UAE is committed to implementing IBL in public schools 

(Al-Naqbi, 2015), as Kassir (2013) claimed that scientific inquiry may become a way 

to improve the level of learning for students if it becomes a dominant strategy in 

science classes in the UAE. 

CSs can also be used as scaffolding to help students perform complex tasks 

that are often based on real-world inquiries (Peffer, Beckler, Schunn, Renken & Revak, 

2015). Within the context of IBL, Peffer et al. (2015) found that the use of CSs in the 

classroom provides new opportunities for students to learn science in practice, 

allowing them to undertake investigative activities that are not normally possible in 

the classroom, and providing teachers and students with a greater flexibility to perform 
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scientifically realistic inquiries. For example, Tairab and Al-Naqbi (2004) found that 

computer aided construction allows students to see the relationship between the 

variables represented on a graph which requires students to use hands-on minds-on 

skills to construct graphs and to review quickly and accurately with many other 

constituent graphs. 

Cakir and Irez (2006) stated clearly and in detail that within the context of the 

inquiry-based science teaching and learning, with the support of CSs and collaborative 

contexts help learners to develop critical thinking and inquiry skills. CSs within the 

inquiry lesson instructional context not only have a positive effect on understanding 

the laws of physics, but also solves tasks that require a creative approach because 

students can deal with multiple variables that produce different results digitally 

(Wilson, 2016). Inquiry-based lessons are like practical practices because they provide 

students with opportunities to deal with variables (Wilson, 2016). 

Radulović, Stojanović and Županec (2016), found that unlike traditional 

physics teaching, Laboratory Inquire-Based Experiments (LIBE) and Interactive 

Computer Based Simulations (ICBS) contribute in a similar way to improving student 

performance and reducing cognitive load. Radulović, Stojanović and Županec (2016) 

examined the extent to which different educational instructions focus on the use of 

LIBE and ICBS for high school students compared to traditional methods to improve 

understanding of physical content. The study also analyzed how the applied 

instructions influenced students’ assessments of invested cognitive load. A 

convenience sample of this study included 187 high school students. The 

findings suggested that teaching instruction based on the use of LIBEs and ICBS 
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contributes equally to enhancing students’ performance and reducing cognitive 

load in contrast to traditional teaching of physics. 

Computer Simulations-based inquiry learning could be considered as a 

pedagogical tool for promoting students’ conceptual understanding (Sornkhatha & 

Srisawasdi, 2013; Akpan, 1998). Fan, Geelan and Gillies (2018), investigated the 

effectiveness of a novel inquiry-based teaching hierarchy using interactive simulations 

to support students in developing conceptual understanding, investigation process 

skills, and confidence in learning. The study was conducted in Beijing with the 

participation of two teachers and 117 students in four classes. Teachers participated in 

professional research and were supported to develop one of two different training 

methods: Interactive simulation teaching (experimental group) or "traditional 

teaching" (control group). The findings indicated that the combination of interactive 

simulations and inquiry-based learning can enhance students’ theoretical 

understanding and develop investigative process skills and learning confidence.  

Abdullah and Shariff (2008), investigated the effect of inquiry-based CSs with 

heterogeneous-ability cooperative learning and inquiry-based CSs with friendship 

cooperative learning on (a) scientific reasoning and (b) conceptual understanding in 

smart schools in Malaysian. The sample consisted of 301 from 12 pure science classes 

in four smart schools, randomly selected and assigned to treatment and control groups. 

Results showed that the inquiry-based CSs with heterogeneous-ability cooperative 

learning method is effective in enhancing scientific reasoning and conceptual 

understanding for students of all reasoning abilities.  
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Zacharia and Anderson (2003), investigated the effects of interactive CSs 

which are presented prior to inquiry-based laboratory experiments on students’ 

conceptual understanding of mechanics, waves/optics, and thermal physics. According 

to a semi-structured interviews and conceptual tests are presented to assess conceptual 

understandings of each topic. The results showed that the use of CSs has led to 

significant conceptual change in the physics content areas that were studied and has 

also improved students’ ability to make reasonable predictions and explanations of 

phenomena in experiments. 

Srisawasdi and Panjaburee (2015) investigated whether the combination of 

simulation-based inquiry (SimIn) and Formative Assessment (FA) was conducive to 

the conceptual learning of buoyancy-driven phenomena. The study investigated the 

conceptual achievement of Thai public-school students combined in two studies. A 

two-stage experiment was conducted: the study used 120 ninth graders as a sample 

who were approved to participate and divided into two experimental groups and a 

control group. The control group received only SimIn and not integrated FA. The first 

experimental group participated in SimIn integration with FA Agree (A) to the 

Disagreement (D) statement methods (SimIn-FAA & D); the second experimental 

group participated in SimIn integration with the Circuit (C) protocol method (SimIn-

FAAC) and the group participated in this group. The second study compared the 

degrees of concept understanding of 39 of 12th graders and studied changes in the 

pattern and amount of concept change process based on a set of pre-test methods. The 

results showed that after participating in experiential learning, students’ understanding 

scores improved significantly. Furthermore, the inclusion of FA in SIM is the result of 

a better scientific understanding without FA. 
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Pyatt and Sims (2012) assessed students’ attitudes toward computer use in 

physics and with CSs inquiry-based laboratory investigations during their first year of 

high school chemistry lessons. The study lasted for two years and used an experimental 

crossover design involving two separate laboratory research experiments. The newly 

created Physical and Physical Experiment Questionnaire was used to measure 

students’ attitudes over virtual experiences and physical lab experiences. The results 

showed that students exhibit a positive attitude towards inquiry-based experiences, 

physical or with CSs, and shown their preference for integrating computers in a 

laboratory environment.  

Rutten, Van der Veen and Van Joolingen (2015) revealed that students’ 

attitudes toward the inquiry-based role of teaching behaviors and their contribution to 

motivation and insight are positively related, and a positive correlation between 

teachers’ attitudes about inquiry-based teaching with CSs and learning goal 

congruence between the teacher and his/her students. This result is consistence with 

Sari, Hassan, Güven and Şen (2017) which investigated the effects of inquiry-based 

instruction (5E Teaching Model) with interactive simulations on the academic 

performance and attitudes of students and their views on the use of CSs in teaching 

physics. Eighty students from two 11th grade classes in science participated in the 

research and a quasi-experimental design was used with the control group pre- and 

post-test. Findings revealed that interactive simulations integrated inquiry-based 

instruction (5E Teaching Model) caused significantly better acquisition of scientific 

concepts related to content taught. 
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Perkins, Moore and Chasteen (2014) focused their study on the effects of 

inquiry-based peer instruction and PhET simulations on levels of motivation and 

physical anxiety in ninth graders. Two groups of students were used with 65 students 

registered in the experimental group and 64 students registered in the control group. 

To determine the level of motivation, a physical motivation questionnaire was 

presented. On the other hand, the physical anxiety classification scale was used to 

determine the level of physical anxiety. In the experimental group, PhET simulations 

was used using inquiry-based peer instruction, while in the control group, traditional 

lecture methods were used. The study concluded that inquiry-based peer instruction 

and PhET simulations help reduce students’ physical anxiety. 

Hartoyo, Batlolona and Nilasari (2019) concluded that students who study 

inquiry model through real virtual Monte Carlo experiments are better at science 

literacy than students who study through traditional learning models. 

 Yuksel, Rebello and Bryan (2017) studied the evolution of student models 

during their learning experience through model-based instruction. They analyzed 

students’ model transition process during a series of activities supported by computer-

based physical models and mathematics, compared to the results obtained from 

students receiving traditional computer education. The results demonstrated that 

students who received model-based inquiry instructions increased the complexity of 

interpretation and gain a more accurate understanding of math-based instructional 

groups. 

Regarding teachers’ perspectives towards implementing inquiry-based 

teaching in science classes, some researchers In the UAE context, like Tairab and Al-
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Naqbi (2017), studied the opinions of science students and teachers about providing 

and implementing inquiry-based teaching in science classes in Emirati high schools. 

560 science students and science teachers chosen using cluster sampling techniques 

participated in this study. The results indicated that students and teachers believe that 

the course materials helped support inquiry teaching, and this was described by the 

basic characteristics of the inquiry from a relatively high average score for two groups 

of students in providing inquiry activities. However, compared to their students, 

science teachers showed a statistically higher average score in the course materials 

supporting the implementation of inquiry teaching. 

Kassir (2013), examined the effect of teaching methods of scientific inquiry on 

students’ performance and assessed the effectiveness of this method of students’ 

participation in the UAE for Girls in the northern UAE for a period of four and a half 

months. The study was addressed by 52 Emirati students from the sixth grade 

following the scientific reform in their school, these schools are called “Madares Al 

Ghad”. The results showed that the method of teaching scientific inquiry has achieved 

noticeably greater achievements in the sixth grade compared to the traditional teaching 

method. The results also showed that, compared to the control group, students in the 

experimental group developed a clear positive attitude towards science. 

A note about the previous revised research studies. Despite the positive results 

of the previous studies, several main weaknesses were identified. First, the use of CSs 

differ from one study to another. In some studies, CSs are used to manipulate objects. 

In other cases, CSs are used to conduct experiments and test theory. Second, 

information about reliability and validity was not sufficiently clear. Finally, some 
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studies may use inappropriate simulations of subjects, as well as that are limited to one 

topic related to electricity, magnetism, and optics. There is a need to study other 

subjects like NSLOM. 

It was noted that students’ understanding of basic physics concepts can be 

improved only through active participation of students in learning activities (Hannel 

& Cuevas, 2018; Lamina, 2019; Adams et al., 2008; Posner, Strike, Hewson & 

Gertzog, 1982). Therefore, physics teachers need to teach physics through exploration, 

discovery, demonstration, simulations, practical work, laboratory-based experience, 

and other practical experiences understanding (Stern & Huber, cited in Batuyong & 

Antonio, 2018; Lamina, 2019). 

2.3.4 Impact of Computer Simulations on Students’ Attitudes 

Attitude is an expression of favor or disfavor toward a person, place, thing or 

event (Eagly & Chaiken, 1993). Prominent psychologist Gordon Allport once 

described attitudes as "the most distinctive and indispensable concept in contemporary 

social psychology." (Definitions.net, 2020). Attitude can be formed from a person’s 

past and present. In non-professional language, the attitude can relate to a certain mood 

concept or, in particular, be synonymous for youthful rebellion (Definitions.net, 2020).  

Science attitudes have been defined in many ways. George (2000) defines 

attitudes towards science as positive or negative feeling towards science, especially 

towards science lessons. Attitude is the tendency to evaluate an object in terms of 

favorable or unfavorable attribute dimensions (Ajzen, 2001). According to Pyatt and 



59 

 

 

 

 

 

 

Sims (2012), attitudes towards particular learning environments and teaching methods 

are important factors in learning. 

Technological tools such as CSs can not only change students’ attitudes 

towards physics, but also provide teachers with tools that can be used to help enhance 

teaching. In recent years, the use of interactive simulations has been investigated in 

order to examine its impact on attitudes toward learning (Zacharia & Anderson, 2003). 

Consequently, using CSs can provide science teachers with a tool that can help them 

improve students’ attitudes in a positive direction and help them achieve success. For 

example, Kattayat, Josey and Asha (2016) argued that teachers can integrate education 

with the help of CSs in a classroom instruction to enable students to increase their 

positive attitudes toward physics. As a result of this increase, students can achieve 

better results in the field of physics. 

CSs can accommodate different types of instructional approaches and promote 

students’ attitudes. For example, Sarı, Hassan, Güven and Şen (2017), studied the 

effects of scientific inquiry with 5E simulations teaching on students’ attitudes 

together with their views on CSs use in physics teaching. Two science stream classes 

at the 11th grade, 80 students participated in the study and used a quasi-experimental 

design with pre- and post-test controls groups. Although the control group was taught 

using traditional methods, the experimental group was taught by the teacher himself, 

using the teaching model 5E in the context of scientific inquiry and interactive 

simulations methods. The results showed that compared to traditional teaching 

methods, interactive CSs combined in the context of scientific inquiry have a relatively 

high attitude towards physics.  
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Abou Faour and Ayoubi (2017), investigated the impact of the use of CSs on 

the conceptual understanding of 10th graders from DC circuit and their attitudes 

towards physics. The study sample consisted of 50 students from 10th grade at an 

official secondary school in Mount Lebanon. Participants were randomly divided into 

two groups, the experimental group, CSs were used for teaching, and experimental 

activities were carried out through the circuit construction kit developed by the PhET 

simulations. However, the control group was taught using real laboratory equipment. 

Both groups were pre and post-tested.  Data analysis showed that, the students’ 

attitudes toward physics were significantly improved in experimental group. Similarly, 

Aşıksoy and İşlek (2017) investigated of the effect of the CSs laboratory experiment 

on attitudes towards physics laboratories. The study included 42 students were 

randomly divided into two groups (21 treatments and 21 controls). The treatment 

group used CSs laboratory. In contrast, the control group used the physics laboratory. 

The results of this study indicated that CSs laboratory experience has a positive impact 

on students’ attitudes towards physics. 

Çetin (2018) investigated the effects of simulation based cooperative learning 

on students’ physics achievements, science process skills, attitudes toward physics, 

and interactive whiteboards. In the control group (N = 24), students taught using 

traditional learning, while students taught in the experimental group (N = 25) with the 

method of the Student Teams Achievement Division (STAD) with the integration of 

simulations in the subject electricity. Results showed that the effect of cooperative 

simulation-based learning on the students’ attitudes toward physics is much greater 

than that of traditional learning. 
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A systematic study of CSs inquiry-based laboratory was reported by Pyatt and 

Sims (2012) supported this view. The researchers assessed students’ attitudes toward 

computer use that appeared in physical and with CSs inquiry-based laboratory 

investigations during the first year of high school chemistry lessons. The study lasted 

for two years and used an experimental crossover design consisting of two separate 

laboratory research experiments. The newly created Physics and Physical Experiment 

Questionnaire was used to measure student attitudes toward virtual experiences in 

comparison to physical lab experiences. Results showed that students exhibit a positive 

attitude toward inquiry-based experiences, physical or with CSs, and shown their 

preference for integrating computers in a laboratory environment.  

Research findings indicated that there is a positive significant correlation 

between the achievements in physics of adolescent students exposed to simulations 

assisted instruction in their attitude towards physics (Kattayat, Josey & Asha, 2016; 

Sari, Pektaş, Çelik & Kirindi, 2019).  

For example, Kattayat, Josey and Asha (2016) explored the effect of 

simulations assisted instruction on attitude towards physics of adolescent students. For 

this, the achievement scores in physics of adolescent students who were taught using 

simulations assisted instruction and others who followed traditional lecture method 

were correlated separately using Pearson ‘r’ with the scores obtained by administering 

the physics attitude scale. The findings indicated that there is a positive significant 

correlation exists between the achievements in physics of adolescent students exposed 

to simulations assisted instruction in their attitude towards physics.  
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Sari, Pektaş, Çelik and Kirindi (2019) investigated the relationship of 

undergraduate attitudes towards the physics laboratory. they studied the use of virtual 

laboratory and computer-based laboratory. In this case, the effects of computer-based 

laboratory applications and virtual laboratory applications on students’ attitudes 

toward physical lab were studied. 60 College students participated in the experiment. 

Research data is collected through attitude measures, motivational measures, graphical 

tests, and understanding and interpretation test. The results showed that computer-

based laboratory applications and virtual applications had a positive impact on 

students’ attitudes.  

Previous research studies have also shown that, compared to traditional 

practical methods, the teachers’ attitude about using CSs for physics instruction can 

provide comparable results, thereby improving students’ learning efficiency and 

reducing teaching time (Sari, Pektaş, Çelik & Kirindi, 2019; Kattayat, Josey & Asha, 

2016; Pyatt & Sims, 2012). For example, Bozkurt and Ilik (2010) conducted a study 

to measure the impact of teaching with interactive CSs on students’ beliefs about 

physics and achievement of physics. The sample consisted of 152 students who studied 

General Physics 1 Course. For the study, a survey called “Colorado Learning Attitudes 

about Science Survey” (CLASS) was used. As a result, it was seen that the courses 

with interactive simulations have a positive effect on students’ beliefs about physics. 

Oymak and Ogan-Bekiroglu (2017) compared students’ conceptual knowledge and 

attitudes with physics lessons (technology supported teaching, laboratory-based 

teaching, and curriculum-based teaching) using three different methods. The study was 

conducted on 144 9th male students in high school. The results showed that the attitudes 
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of these students improved when CSs laboratory or laboratory-based teaching was 

incorporated into education. 

So far, the previous studies didn’t provide a clear description to the role of the 

students and the teachers during the lessons, which may affect students’ attitudes. The 

studies also didn’t entail other factors that influence the attitudes like school, teachers’ 

classroom management, and teachers’ content knowledge. Additionally, most studies 

have explored computer-based simulations and physics, however, there has been little 

discussion about concepts related to mechanics nor explicit mention of NSLOM or 

topics related to the force. 

2.4 Newton’s Second Law of Motion 

NSLOM is the central and the most important topic taught in classical 

mechanics (Mico, Mandili, Tahiri & Muco, 2010; Itza-Ortiz, Rebello, & Zollman, 

2004; Sirait & Mursyid, 2018). Understanding NSLOM is likely to be the key to 

understanding mechanics (Sari & Madlazim, 2015). 

According to the MOE curriculum guidelines, before the high school physics 

is over, students should be able to use Newton’s second law of motion and describe 

the forces acting on objects in different states of motion (Bauer & Westfall, 2011). 

NGSS (2013) describes the NSLOM as "The movement of an object depends 

on the sum of the forces acting on it. If the total force affecting an object is not zero, 

then its movement will change. The higher the mass of the object, the more force is 

needed to achieve the same change of motion. “For any given object, greater forces 

cause greater movement changes" (NGSS, 2013, p. 59). This means that an 
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acceleration (a) of an object depends on two variables, namely, the net force (F) acting 

on an object and mass (m) of the object (NGSS, 2013). 

It is vital to allow students to know the relationship between force and motion. 

The equation for this law is {F = m.a} [Net force = (mass)(acceleration)] (NGSS, 2013; 

Serwey & Jewett, 2014; Mico, Mandili, Tahiri &Muco, 2010; Coelho, 2018; Itza-

Ortiz, Rebello, & Zollman, 2004; Sari & Madlazim, 2015). However, NSLOM in 

many textbooks is presented so abstractly that students cannot see the relationship 

between force and motion (Mico, Mandili, Tahiri & Muco, 2010). 

2.4.1 Difficulties of Newton’s Second Law of Motion 

Many students have a different understanding of force, and some students 

cannot explain the meaning of the word " force " clearly (Sirait & Mursyid, 2018; 

Camarao & Nava, 2017; Obaidat & Malkawi, 2009). As a result, these difficulties may 

affect students’ understanding of how force concepts are applied in other situations 

(Sirait & Mursyid, 2018). For example, Sirait and Mursyid (2018), conducted a study 

to analyze the difficulties faced by students in understanding force diagrams at 

horizontal and inclined surfaces. A physics student at Tanjung Pura University (pre- 

service physics teacher) who completed course in basic physics participated in a force 

concept test with six questions that include three concepts: fixed objects, moving 

objects at a constant speed, and the object moves with continuous acceleration in both 

the horizontal and oblique levels. The test is examined the students’ ability to choose 

the appropriate force based on the context. Results showed that 44% of students had 

difficulty solving the test problems, in addition, the most difficult task is to map the 
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force diagram representing, which represents the force affecting the object at the 

inclined plane. 

Sağlam-Arslan and Devecioğlu (2010) studied the level of student teachers’ 

understanding of NSLOM and linked these levels to determine the model of student 

teacher understanding. A two-part achievement test was employed, including 12 open 

questions, and tested for 45 pre-service classroom teachers. The results showed that 

student teachers’ have obvious weaknesses in understanding basic knowledge of 

NSLOM. This may be due to a lack of student teachers’ ability to link scientific 

knowledge to real life phenomena and experiences.  

Another major study carried out by Bayraktar (2009) who analyzed teachers’ 

difficulties of physics before using force and motion, and to determine whether these 

difficulties vary with gender, educational level, and culture. The study was conducted 

using 79 students-teachers at one of Turkey’s largest education colleges. Force 

Concept Inventory (FCI) with 29 multiple choice items was used to analyze student’s-

teacher’s difficulties. The results of the study showed that physics students-teachers 

have a robust difficulty about impetus and active force. The results also showed that 

over time, difficulties of force and motion had lessened. 

To clarify and to teach NSLOM, researchers used a variety of methods. For 

example, Setyanto, Sudjito and Rondonuwu (2018) used an instructional strategy 

called Understanding by Design (UbD) to design physics lesson on Newton's second 

law. All data collected from the description table is analyzed based on qualitative 

methods to modify the initial design to a better final design. The design has been 

modified according to the auditor’s suggestion. The results showed that UbD can be 
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used as an alternative design for physics courses related to Newton’s second law. The 

results also showed that over time, misunderstanding of force and motion decreased. 

Over the years, test scores have continued to improve, indicating that university 

teaching has a positive effect on overcoming misunderstanding, although it is still not 

adequate to help students reach the level of Newtonian thinkers. 

Although students are familiar with Newton’s Laws because they have studied 

them since Middle or High School (Coelho, 2018; Itza-Ortiz, Rebello, & Zollman, 

2004; Sari & Madlazim, 2015), the most difficult task for students is to determine the 

force diagram when the object is moving at a constant speed and constant acceleration 

in a steady state (Coelho, 2018). According to Setyanto, Sudjito and Rondonuwu 

(2018) the kind of misconception students face in Newton’s law lessons is that they 

are confused about comprehension, velocity, force, and energy. Some students clearly 

do not understand the true definition of these concepts and the difference between 

these three terms. Therefore, visualization tools such as CSs should be used and using 

to facilitate students understanding, and to provide students the opportunity to create 

or draw their own representations (Coelho, 2018).  

In general, previous studies have used CSs programs, especially in the study of 

physics and Newton’s laws, to enhance attitudes toward physics, improve students’ 

understanding, and eliminate misunderstandings at the university level. However, far 

too little attention has been paid to the difficulties that students face in learning 

NSLOM in high school level. 
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2.4.2 Computer Simulations and Newton’s Second Law of Motion 

Research studies suggests that when CSs are used as part of an instructional 

strategy to explore abstract concepts of physics, it can help students gain a deeper 

understanding of those concepts (Zacharia & Anderson, 2003). In order to eliminate 

the difficulties and misconceptions about students’ learning outcomes when teaching 

NSLOM, additional use of simulations in science classrooms could potentially 

improve access to high-quality learning experiences for diverse students (Council, 

2011, p.67). Several studies have highlighted the positive effect of using CSs and 

experiment animations in improving NSLOM learning. For example, Sari and 

Madlazim (2015) found that Newton’s second law greatly improved the conceptual 

ability of students who used CSs to learn compared to students who did not study CSs. 

Using a sample from third semester of physics students in the Department of 

Mathematics and Natural Sciences at Surabaya State University. The sample size of 

the first group (experimental group) is N = 38, and the sample size of the second group 

(control group) is N = 38. The finding indicated that the CSs implementation in 

teaching and learning can improve the conceptual competence of NSLOM. 

Couch (2014) examined the use of CSs, especially the effect of laboratory 

virtualization on students’ understanding of mechanical concepts. In this study, 

experimental and controls groups received the same instructions in the form of 

lectures, exercises, homework, and tests. The difference between the two groups was 

that the experimental group uses a default lab activity, while the control group 

completes the paper worksheet. Analysis of the standard benefits of the force concept 
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checklist and classroom tests showed that CSs appears to increase students’ workload 

and participation.  

2.5 Studies Related to the UAE Context 

CSs is not common in the UAE context. However, virtual learning is one of 

the recent trends within the teaching schools of the UAE. This is important in the sense 

that Emirates will be looking forward to bringing in technologies in the form of e-

learning and using other forms of technologies (Aoude, 2015). This is extremely 

important for the students to understand and develop mental models of physics 

(Aoude, 2015). 

There is scarcity of studies related to the UAE. However, there are a number 

of studies related to the impact of technology in general. For example, Ismail, 

Almekhlafi and Almekhlafy (2010) scrutinized teachers’ perceptions on technology 

integration in Arabic and English classes in K-12 schools in the UAE. Study results 

confirm the inevitable impact of technology on teaching practice, which in turn can 

enhance students learning in language lessons. In addition, teachers expressed their 

readiness to accelerate the pace of technology integration in teaching practice to 

improve teaching and learning effectiveness. 

Awan (2012) carried out a study to examine the impact of computers / laptops 

on the dynamics of the teaching environment. Questionnaires were distributed to 

teachers who are currently pursuing master’s degrees to collect teachers’ opinions and 

experiences about using computers and laptops in the classroom. The results showed 

that teachers in the public and private sectors in the UAE are able to identify key issues 
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related to the advantages and disadvantages of using technology. Regarding the 

problem of how to deal with the lack of adequate training from the perspective and 

lack of teaching, people raised great concerns and raised some teaching strategies, 

which would make the practice of managing technology-based classrooms possible. 

Martin (2013), conducted a study to determine the level of participation of 

Emirati higher education students in digital technologies, including the Internet, and 

whether this level of participation is like an international model. The study used a 

mixed-method approach that included many higher education institutions in the UAE 

and included students from various geographical locations and disciplines in the 

country. Six main findings were extracted from the data. The overall results indicate 

that Emirati students in this study have better access to digital technologies than many 

other countries. 

The research confirmed the importance of CSs in teaching and learning of 

physics concepts (Mengistu & Kahsay, 2015; Widiyatmoko, 2018; Obradović & 

Rančić, 2012, cited in Radulović, Stojanović and Županec, 2016; Smetana & Bell, 

2012; D’Angelo et al., 2014). For example, Aoude (2015), focused on the impact of 

CSs on students’ physics concepts related to uniform circular motion. The main 

purpose of the study was to examine the ability of CSs to help eleventh graders in the 

UAE learn facts, concepts, and procedures related to the uniform circular motion. It 

also aimed to study how CSs affects the achievements of students with different 

abilities in physics. Using the quasi experiment method, the students were divided into 

an experimental group and a control group. The experimental group is taught using 

CSs, and the control group is conducted with the help of video and animation in real 
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time. The study showed that the experimental group had a statistically significant 

advantage over the control group, especially in terms of procedural knowledge. 

Additional results showed that students with middle and low education benefit more 

from CSs than students with higher education.  

Almeqdadi and Halar (2017) carried out a study to investigate the effectiveness 

of TeachLive ™, one of the virtual learning simulations methods. TeachLivE ™ is a 

mixed reality learning environment that supports teacher practice in Florida, USA, and 

is currently implemented more than 40 campuses in the United States, involving 

multiple school districts and international partners. In addition, TeachLivE ™ has been 

implemented at the Emirates Institute for Higher Education in Abu Dhabi, United Arab 

Emirates and is used by some pre-service teachers (which is a classroom management 

activity), and to practice specific some teaching methods. Strategies that were taken 

before going to school without having to worry about the actual situation. Each student 

in this sample then practiced twice using TeachLivE ™, with each session lasting 10 

minutes. The researchers analyzed these students’ views on. The results showed that 

all students in this sample welcomed the use of simulations techniques and expressed 

a positive view of TeachLive ™ not only in classroom management, but also in 

education and content. 

Alneyadi (2019) conducted a study in the UAE to explore the views of science 

teachers on the nature and frequency of implementation of Virtual Laboratory (VL) by 

students in the UAE and their contribution to the development of education. Samples 

of this study were randomly selected to include a comprehensive sample of science 

teachers in the second cycle of public schools. The randomly selected participants 
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included 45 teachers from ten schools: Five schools for boys and five schools for girls. 

About 23 men and 22 women participated in the structured interviews. The main 

method used in this study is structured interview. Results showed that the VL has a 

reasonable impact on students’ knowledge, skills, attitudes, achievements, and 

innovations, because teachers involved in the research believe that actual work 

activities carried out using VL have a positive impact on increasing students’ scientific 

knowledge, scientific process, skills, intelligence, attitudes, and innovation. However, 

the VL is not used regularly, and it is only used on a small scale. 

2.6 Demerits of Computer Simulations 

Although most of the reviewed studies have shown that the use of CSs has been 

an effective way to improve students’ learning about physics concepts, some studies 

did not find any statistically significant benefits of using CSs as part of a physics 

instruction. For example, Regan and Sheppard (1996) concluded that the use of CSs 

has no advantages over traditional methods. Steinberg (2000), on the other hand, 

compared air resistance simulations to paper and pencil activity, found that students’ 

performance on common exam questions does not show much difference in scores. 

Similar findings were found by Stern, Barnea and Shauli (2008), who compared two 

groups of students, who both taught curriculum on the kinetic molecular theory. The 

experimental group then used CSs to spend extra class time on using the computerized 

simulations called “A Journey to the World of Particles”. In the test to measure their 

understanding of the theory, students scored significantly higher in the experimental 

group than in the control group. However, overall achievement is very low and there 

are no differences in long-term learning.   
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Çetin (2018) examined the effects of simulations based cooperative learning 

on students’ physics achievements, science process skills, attitudes towards physics, 

and interactive whiteboards. In the experimental group (N = 24), students taught with 

Student Teams Achievement Division (STAD) method with the integration of 

simulations in electricity topic, in the control group (N = 25), traditional learning 

supported by simulations. Results showed that the effect of cooperative simulation-

based learning is not much difference from students’ skills in the science process skills. 

The controversy over scientific evidence for the use of CSs in practical 

laboratory methods has raged unabated for over a decades ago. For example, 

McKagan, Handley, Perkins and Wieman (2009) examined the effects of reforming 

the physics curriculum among other changes in the process, CSs of the photoelectric 

effect were performed in the course. The results showed that students’ ability to 

communicate logically through observation and thinking did not improved. The 

researchers believe this may be a sign of a general inability on the part of students to 

reason in order to infer reasoning from observation. In the absence of a separate study 

of the teaching methods implemented, it is difficult to make allegations about the 

effectiveness of CSs on the basis of this study. 

Podolefsky, Perkins and Adams (2009) suggested that CSs can’t or should not 

replace real laboratory equipment. They placed PhET (simulations) in a social, 

cultural, and historical context, and they focused on the interaction of three metrics for 

tools: representations, materials, and environment. They used data from simulations 

research in the physics primer lab to examine the main features of these three ranges 

of tools that support student learning through participatory exploration. To explore 
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why there were controversial findings regarding the efficacy of CSs on practical 

experiments methods. First, data were collected from two sources in the second 

semester: 1) students’ laboratory activities with and without simulations feedback, and 

2) classroom observations of students using simulations. Researchers derive useful 

information from student feedback, but further results can be obtained by 

incorporating experimental elements of the study, as shown in other studies. In 

addition, this long period may affect students’ response and change their minds about 

the efficacy of CSs. Second, the notion that researchers couldn’t have included a 

pretest and posttest to measure content knowledge about current and voltage, as well 

as the sample size was very small, it will be difficult to generalize the results.  Finally, 

the researchers used the same sample as students completed the activity using the 

circuit construction kit and PhET sim. Then the following week, students completed 

an activity using real equipment, and after that students asked to complete an online 

survey to compare the simulations with the real equipment labs in an open response 

question. 

Kelly, Bradley and Gratch (2008) compared simulations with equipment-based 

laboratory investigations. Students participated in this study in twelve laboratory 

experiments, six of which included simulations tests or equipment. The data used for 

comparison is a classification of pre- and post-laboratory reports, and the results 

indicated that there was no significant difference in the achievements of these reports 

between simulations or equipment investigations reports.  

Despite the benefits of CSs over students’ attitudes, there is debate as to 

whether such technology is effective (Abou Faour & Ayoubi, 2017; Regan & 
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Sheppard, 1996; Steinberg, 2000; Kelly, Bradley & Gratch, 2008; Stern, Barnea & 

Shauli, 2008). Research studies have also shown that there is no significant difference 

between CSs and attitudes regarding their effectiveness on students’ learning. For 

instance, Abou Faour and Ayoubi (2017), investigated the impact of the use of CSs on 

the conceptual understanding of 10th graders from DC circuit and their attitudes 

towards physics. The sample for this consisted of 50 students from 10th grade at an 

official secondary school in Mount Lebanon. Participants were randomly divided into 

two groups, CSs experimental group was used for teaching, and experimental activities 

were performed using a circuit construction kit developed by the PhET simulation. 

However, the control group was taught using real laboratory equipment. Both groups 

underwent pre-test and post-test.  Data analysis showed that there was no significant 

difference in the attitudes of the students in the two groups toward physics. 

Researchers also mentioned several reasons that hamper teacher from using 

CSs: First, the training that teachers receive is not sufficient to implement CSs. Second, 

teachers have not changed their teaching behaviors; However, they continued to use 

older teaching methods. Third, teachers believe that using CSs is a means of engaging 

students in learning, not an instructional tool (Ertmer & Ottenbreit- Leftwich, 2010; 

Levin & Wadmany, 2008). 

Despite these arguments supporting CSs, previous comments on research on 

CSs use did not show that CSs had distinct advantages (Regan & Sheppard, 1996; 

Steinberg, 2000; Kelly, Bradley & Gratch, 2008; Stern, Barnea & Shauli, 2008). This 

discrepancy may be due to some factors. For example, improper use of the CSs, as 

well as inappropriate analysis and explanation of research data (i.e., researchers ask 
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wrong questions, or because of inappropriate education design and unrealistic 

simulations). Another example, most studies compared CSs, and classroom 

instructions. This comparative study will not achieve any meaningful results. 

Moreover, researchers have not focused on the key question of the conditions under 

which CSs is most effective or not effective.  

2.7 Chapter Summary 

This chapter outlines the theoretical and research efforts that tackled CSs as a 

technology integration tool, and its impact on physics education, especially 

performance and student attitudes in NSLOM. Based on the discussion above, there 

are three groups of thought that play a role in how to construct knowledge, there are 

theoretical framework sections tackled: constructivism, conceptual change, and 

information process approaches. CSs contributes to these approaches, as CSs improves 

students’ active and meaningful learning, and CSs are powerful tools that 

allows students to connect new knowledge to their current knowledge building. This 

helps students understand common errors when they encounter specific problems, and 

students use these CSs to combine new information with existing knowledge 

structures. 

The literature suggests that CSs can be effective learning tools when used as 

part of an instructional strategy in order to help students gain a deeper understanding 

of abstract physics concepts. The research also suggests that there is a positive 

correlation between CSs and student achievement (Çetin, 2018; Dilshad, Malik, 

Tabassum & Latif, 2016; Srisawasdi & Panjaburee, 2015; Riaz & Morote, 2015; Sari, 

Hassan, Güven & Şen, 2017).  
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Inquiry-based science teaching and learning in collaboration with CSs improve 

student’s learning; like critical thinking and achievement, and it gives students the 

opportunity to learn freely and immersed in learning, each according to their academic 

level (Widiyatmoko, 2018; Hannel & Cuevas, 2018; Pedaste et al., 2015; Fan, Geelan, 

& Gillies, 2018; Hartoyo, Batlolona & Nilasari, 2019; Yuksel, Rebello & Bryan, 2017; 

Cairns & Areepattamannil, 2019). CSs can be effectively used to examine phenomena 

that are difficult to try in the classroom or laboratory environment because these 

phenomena are often complex, difficult, or technically unsafe, expensive, time 

consuming, or too fast (Jimoyiannis & Komis, 2001; Hannel & Cuevas, 2018; Sari, 

Pektaş, Çelik & Kirindi, 2019; Zacharia, 2007; Oymak & Ogan-Bekiroglu, 2017). 

NSLOM is one of the most difficult subjects for students, however, CSs can be 

used to facilitate learning and understanding NSLOM (Sirait & Mursyid, 2018; 

Coelho, 2018; Setyanto, Sudjito & Rondonuwu, 2018; Sari & Madlazim, 2015). 

Research has also suggested that CSs have a positive effect on 

students’ attitudes toward physics (Abou Faour & Ayoubi, 2017; Oymak & Ogan-

Bekiroglu, 2017; Almeqdadi & Halar, 2017; Alneyadi, 2019). There are a lot of 

inconsistencies between the results of the relationship between CSs and the attitudes 

towards physics. These differences are mainly due to the context of the studies and 

other unrelated variables related to the participants, the nature of the treatments, and 

even the studies design themselves. In addition, some students in the physics classes 

already struggle with content, and that struggle can lead to a negative attitude in the 

classroom, as well as a variety of simulations being studied in the physics class. 
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With all the benefits of CSs, however, limitations remain: (1) no physical 

manipulation of variables; (2) no measurement errors; (3) potential problems for 

students with poor computer literacy skills; And (4) scientific concepts may be lost if 

not properly directed by a teacher (Kelly et al., 2007 cited in Hannel & Cuevas, 2018, 

p. 42; Couch, 2014). Moreover, other studies have found that the use of CSs are 

ineffective (Choi & Gennaro, 1987). Some found that the use of CSs outperforms 

traditional methods without advantages (Winn et al., 2006).  

The review of previous research findings revealed that very little research 

carried out on the impact of CSs on student learning in the UAE, specifically, on 

NSLOM and on attitudes toward physics. Furthermore, previous research did not 

examine the effect of CSs on students’ performance and attitudes within inquiry-based 

context. Besides, previous research studies in the context of the UAE have not been 

significantly represented about the role of student performance and attitudes. Only few 

studies such as Aoude (2015) investigated the role of CSs and the performance of 

physics. Therefore, this study will help to better understand how CSs impact students 

learn physics within an inquiry-based learning environment. Thus, there is a critical 

need for the current study. 
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Chapter 3: Methodology 

3.1 Chapter Overview 

This chapter comprehensively introduces how this research is carried out. It 

begins with seven research questions and then describes the background, context, and 

settings of the study. Then describes the materials that were used for this research. 

Next, the research design is shown. It also describes the population, participants, and 

sampling procedures. Besides. The validity and reliability of the tools used to collect 

the data for this study; NSLMAT and TOSRA were also presented. Next, the 

procedures for collecting and analysing data for the study will be described. Ethical 

considerations have also been wholly resolved. Finally, this chapter summarizes the 

materials and methods used to conduct the research. 

3.2 Research Background and Setting  

3.2.1 The Emirati Context  

In 2014, the UAE launched the National Agenda for 2021, with a significant 

focus on education (Haddad, 2020). The focus is on the shift in education from mere 

regurgitation of information to students’ acquisition of knowledge (Sahoo, 2016, cited 

in Ridge, Kippels, & El Asad, 2015). The overall objective of this agenda is to provide 

all schools, universities, and students with smart systems and equipment as a basis for 

all teaching project and research methods (Haddad, 2020). Other goals mentioned in 

the same agenda included two main objectives to make the UAE one of the leading 

countries in providing world-class education. The national agenda identified areas that 

contribute to student development. To achieve these agenda (i.e., by 2021 the UAE is 
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expected to rank among the best countries in international comparative studies such as 

TIMSS and PISA), it requires a new approach to the way student learn and adopted 

the international test to monitor student development (Haddad, 2020; Galil, 2014). 

To achieve these goals, the UAE Ministry of Education has introduced a series 

of changes to the national curriculum over the past decade to shift from a content-

based curriculum to a competency-based one, and from a teacher-centered learning 

approach to a student-centered approach.  

Schools in the UAE follow the national curriculum, teaching physics begins in 

grade ten (before 2015) as separate subjects, and students must choose either a science 

or arts stream (Balfakih, 2003). However, the MOE revised this system and instead 

introduced new streams and curriculum (Ridge, Kippels & Farah, 2017). Four streams 

were adopted: the general stream, the professional stream, the advanced stream, and 

the elite stream. All students will begin from grade one in the general stream of 

learning (UAEG, 2019). After completing the ninth year, students can choose to 

remain in the general stream or join the advanced stream according to their 

performance. Students in the general and advanced stream will continue to study in 

grades 10, 11, and 12. The main difference between general and advanced streams lies 

in the range of science majors. Compared to the general stream, students in the 

advanced stream will have more instruction in mathematics and science (UAEG, 

2019). 

 After completing the eighth grade, student can choose to join the group of 

"professional" (Vocational stream), where he continues to study in grades 9, 10, 11, 

and 12, and obtain a high school certificate equivalent to a technical high school 
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certificate. Specialization (Vocational stream) follows a practical educational 

curriculum. Learning is based on applying knowledge and developing practical skills 

for students (UAEG, 2019). 

Elite Stream on the other hand, was developed for academically outstanding 

students. This stream enrolls students from the sixth grade until the end of the twelfth 

grade. Elite stream focus on mathematics and science in a way to improve the ability 

to analyze, thinking, and problem-solving skills (UAEG, 2019). 

3.2.2 Research Setting 

This study was conducted in two schools that implement the curriculum of 

MOE; One for boys (taught by male teachers) and the other for girls (taught by female 

teachers). Both schools are located in one emirate in the UAE; The two schools 

implemented the curriculum provided by MOE. The socioeconomic status of students 

mostly of middle class.  

In the girls’ school, there are 760 students in grades 9-12. This school has three 

eleventh grade classes; One of them was chosen randomly to be a control group, while 

another class was chosen as an experimental group. The second school for boys has 

about 870 students in grades 9-12. It has four eleventh grade classes; One was 

randomly chosen to be a control group, while another class was chosen to be an 

experimental group. All classes at both schools use digital books and hard copies for 

teaching, as all students are equipped with personal laptops. All the classes in the study 

have similar demographic characteristics and similar school hours. Physics lessons are 
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taught by qualified teachers who are fluent in English.  Furthermore, both groups were 

in the advanced stream in the 2019-2020 academic year.   

3.3 Materials 

In this study, the students were given step by step instructions on how to use 

the PhET simulations of NSLOM. Students then performed a set of experiments using 

the predefined instructions provided in the NSLOM worksheet. The students were 

expected to discover mathematical relationships of NSLOM in order to improve their 

conceptual and procedural understanding of NSLOM. The following is a description 

of the materials used in this study; the unit used, the NSLOM PhET simulations, and 

the activities guide that was used to guide students in the experimental and control 

groups through 5E inquiry instruction. 

3.3.1 Justifications for Choosing the Unit 

NSLOM has been chosen because of its wide range of applications and is an 

interesting piece of content that must be handled by CSs. If a student fails to learn 

classical mechanics, it is because of a misunderstanding of the NSLOM. The content 

was also linked to previous conceptual and procedural knowledge that the 

students learned in science books at the basic stage. The general focuses of the unit 

were as follows: 

• What the concept of a force means in physics, and why forces are vectors (the 

force is a vector quantity that is a measure of how an object interacts with other 

objects). 
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• The relationship among the net force on an object, the object’s mass, and its 

acceleration. 

• Newton’s three laws of motion govern the motion of objects under the influence 

of forces. 

a) The first law deals with objects for which external forces are balanced. 

b) The second law describes those cases for which external forces are not 

balanced. 

c) The third law addresses equal (in magnitude) and opposite (in direction) forces 

that two bodies exert on each other. 

• Fundamental forces include gravitational attraction and electromagnetic 

attraction and repulsion. In daily experience, important forces have tension and 

normal and friction. 

• Free-body diagrams are valuable aids in working problems. 

• The significance of the net force on an object, and what happens when the net 

force is zero. 

• Multiple forces are acting on an object sum to a net force. 

• Kinetic friction opposes the motion of moving objects; static friction opposes the 

impending motion of objects at rest. 

• Applications of Newton's laws of motion involve multiple objects, multiple 

forces, and friction; applying the laws to analyze a situation is among the essential 

problem-solving techniques in physics. 
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3.3.2 Newton’s Second Law of Motion Lab Simulation 

NSLOM is a fundamental and useful equation in mechanics. The law addresses 

the relationship between force and motion (Mico, Mandili, Tahiri & Muco, 2010). 

NGSS (2013) describes the NSLOM as the following “The movement of an object 

depends on the sum of the forces acting on it”. If the total force affecting an object is 

not zero, then its movement will change. The greater the mass of an object, the more 

force is needed to achieve the same change of motion. For any given object, greater 

forces cause greater movement changes" (NGSS, 2013, p. 59).  

Consequently, by analyzing the NSLOM, it can be summarized as the 

acceleration of the object is directly proportional to the force and inversely 

proportional to the mass of the object. The equation of this law is F = ma [ Net force 

= (mass)(acceleration)] (NGSS, 2013; Serwey & Jewett, 2014; Itza-Ortiz, Rebello & 

Zollman, 2004).  

According to Mico, Mandili, Tahiri and Muco (2010), Newton’s second law of 

motion in many textbooks often presented so abstractly that students cannot see the 

relationship between force and motion. It is vital to allow students to know the 

relationship between force and motion (Mico, Mandili, Tahiri & Muco, 2010). Figure 

4 represents the types of forces and how they relate it to motion. To enhance the 

theoretical understanding of how objects move and how they accelerate, interactive 

simulations of the forces and computational motions obtained from PhET are used as 

inquiry tools for students (Adams et al., 2008), because PhET simulations provide a 

high degree of interaction between user control, dynamic feedback, and multiple 

representations (Adams et al., 2008). 
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Figure 4: Concept Map that Analyze the Types of Forces 

 

The NSLOM simulations that was used in the current study was a java-based 

program that is downloaded and installed on student’s computers from the site 

http://phet.colorado.edu. Which is free to use (see Appendix H). Students were given 

step-by-step instructions on how to use the NSLOM simulations and were asked to 

explore the different parts of the simulations. A series of controls in the control bar 

area allow students to change analogue input parameters. Before running the 

simulations and making the necessary observations, students need to determine which 

variables need to be changed and which should not. Each student then performed a 

Newton's Second Law

𝐅𝐧𝐞𝐭 = 𝐦. 𝐚

Non equilibrium state

𝐅 ≠ 𝟎. 𝟎

𝐚 ≠ 𝟎. 𝟎

weight force

normal force

Equilibrium state

𝐅 = 𝟎. 𝟎 , 𝐯 = 𝟎. 𝟎 ,

𝐨𝐫 𝐯 = 𝐜𝐨𝐧𝐬𝐭𝐚𝐧𝐭

Constant Force 
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series of experiments using the pre-explanation provided in the NSLOM worksheet. 

Finally, students are asked to determine the mathematical relationships of NSLOM 

from graphs and visual representations. The simulations of Newton’s second law of 

motion are composed of six different simulations related to NSLOM. Figures 5-11 

show screenshots of each of the six simulations. PhET allows students to interact with 

Newtonian representations of force and motion and lets students create their own 

experiments. 

The simulation of force and motion was designed and developed to allow 

students to visualize the forces and phenomena induced by motion, so that they can 

get a more scientific view of the concept of force and motion, as shown in Figure 5. In 

the simulation, Java applet calculates force, friction, position, speed, and acceleration. 

These analytic tools and graphical representations can help students grasp motion-

related math. 

Figure 5: Screenshot of CSs with a Visual Representation of Forces 
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For example, by simulating part of a force and movement (see Figures 6 and 

7), students can interact with it to understand how mass affects the acceleration of a 

force-carrying body, balanced and unbalanced forces - causes of acceleration, force, 

and frictional movement. 

Figure 6: Screenshot of CSs with a Visual Representation of Forces in a Horizontal 

Surface 

 

According to NSLOM, the movement of the container depends on the friction 

(friction force) generated by the load and the tensile force (applied force) exerted by 

the person. These two forces have opposite directions and act on the container. Its 

relative size determines the movement of the container. The arrows indicate the forces 

applied, and students can change the attributes of the objects (such as box, refrigerator, 

girl, and man), and the friction force as displayed in Figure 7. 
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Figure 7: Screenshot of CSs with a Visual Representation of Horizontal Forces in 

Different Objects 

 

The PhET simulation of the movement shown in Figure 8 shows the effect of 

increasing or decreasing the angle of the inclined surface, so that students can easily 

manipulate the angle to accurately measure the force and other factors such as friction, 

normal force, gravity, and objects acceleration, which are difficult to achieve in the 

opposite real world. 
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Figure 8: Screenshot of CSs with a Visual Representation of Forces in the Inclined 

Surface 

 

In Figure 9, the students can create this experiment in ideal condition (non-

frictional surfaces and the absence of air resistance) that are difficult to generate in the 

real world, by eliminating the friction and other resistive force. In addition to studying 

the influence of the amount and the shape of the masses on motion, as well as learners 

can turn friction and choose different values of the coefficient of friction.  They can 

also change the amount of applied force and the objects (masses) to see what happens. 
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Figure 9: Screenshot of CSs with a Visual Representation of Forces in the Horizontal 

and Inclined Surface 

 

A game of Robot is used to demonstrate the principles of NSLOM in the 

simulation: Robot moving company. The students can play by placing the file cabinet 

on the horizontal ground and then using the arrows, so that the Robot "start" to try to 

push the file cabinet instantly from the company to the house without letting the 

cabinet to slide down. They can see the force diagram during the motion (see Figure 

10). 
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Figure 10: Screenshot of CSs with Robot Applying Forces in a Horizontal Surface 

 

Students can make the game more challenging by placing an inclined surface. 

Figure 11 shows how students would be able to move a small crate from the company 

to the house, by using the corrective force associated with the angle to prevent the crate 

from falling. 

Figure 11: Screenshot of CSs with Robot Applying Forces in an Inclined Surface 
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3.3.3 Inquiry Context  

Secondary school students often think that there is a scientific method. This 

idea reinforced in traditional laboratory courses in which students engage in things 

such as observing, measuring, identifying the variables, defining measurement 

uncertainty, calculating the error distribution, make assumptions, perform 

calculations, draw graphs, find relationships between variables, and make suggestions 

(Stern, Echeverría & Porta, 2017). To make the process easier, they are often provided 

with a list of instructions. Even if the experience is fun, students will find the process 

boring because they do not have enough freedom to think and make suggestions (Stern, 

Echeverría & Porta, 2017).  

Constructivist oriented learning approaches are based on the belief that 

learning occurs when students actively participate in the process of creating meaning 

and knowledge rather than passively receiving information (INACSLSC, 2016). 

Therefore, any simulation-based expertise requires targeted, systematic and flexible 

regular schedules. To achieve optimal results, simulations design and development 

must take into account criteria that can improve the effectiveness of simulation-based 

experiments (INACSLSC, 2016). 

The 5E learning cycle is a model designed to promote scientific inquiry. Each 

"E" is part of the process that helps students arrange learning experiences to create a 

link between previous knowledge and new concepts (Mirana, 2016; Sarı, Hassan, 

Güven & Şen, 2017).  
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According to the 5E strategy, the researcher uses a variety of reference 

materials and incorporate other worksheets into the educational context to integrate 

activities with concepts of active learning and scientific inquiry while adhering to the 

scientific topics mentioned in the students’ books.  

These worksheets were presented to a group of experts, including professors 

from the college of science and education (see Appendix C), and some teachers 

teaching physics to 11th grade students during the 2019/2020 school year. They were 

asked to express their opinion on the following points: 

• The suitability of the activities for the students’ level 

• How appropriate are the activities for the learning strategy used 5E? 

• The suitability of the instructional objectives for the content of the material 

Finally, a printed NSLOM worksheet (see Appendix C) was provided to guide 

students in their use of the simulations, students went through the simulations with an 

activity that covered NSLOM topics. 

3.3.4 5E’s Model 

The model focuses on students’ discovery and deeper understanding of direct 

teaching (Duran & Duran, 2004). This model has proved to be effective in students’ 

mastery of topics, scientific reasoning, interest, and attitude (Lo, 2017, p. 39). 5E’s 

consists of five stages (see Figure 12). These are: Engage, Explore, Explain, Elaborate, 

and Evaluate. 
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Figure 12: 5E Model Steps 

During the “engagement” phase, students will be attracted, and their 

preconceptions will be revealed. Activities at this stage should link past and current 

learning experiences, reveal previous concepts, and organize student thinking about 

learning outcomes for recent activities. Teachers can gain access to students’ prior 

knowledge and help them integrate new concepts using short activities to stimulate 

their curiosity and prior knowledge goals (August et al., 2014; Sarı, Hassan, Güven & 

Şen, 2017; Duran & Duran, 2004; Bybee, 2009; Bybee, 2014). For example, the 

teacher can ask his students questions like; (List all the things you know about force? 

Names the different types of forces? and Distinguish between mass and force?). 

In the next phase of 5 E's, “exploration”, students are provided with a joint base 

of experience. Defines and develops concepts, processes, and skills. In this phase, 

students have time to think, plan, investigate, and organize the information gathered 

to explore their environment actively. Furthermore, manipulate these materials, so that 

5 E  

Model 

Engage

Explore

Explain

Elaborate

Evaluate
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students can define their ideal goals (August et al., 2014; Sarı, Hassan, Güven & Şen, 

2017; Duran & Duran, 2004; Bybee, 2009; Bybee, 2014). For example, during 

working on simulations, teacher can ask students to reflect on questions such as; (a) 

What could have happened to the box, if the friction force stronger? b) If you were in 

the simulations, and the box was coming towards you, how could you respond to stop 

it? c) In contrast, what would be the scenario, if the same events have happened on a 

plane snow ground?). 

During the “explanation”, students clarify the concepts they were exploring. 

They could express their conceptual understanding or establish new skills, or the 

teachers help student’s emphasis on their past experiences in engagement and 

exploration and provide opportunities to explain their understanding goals (August et 

al., 2014; Sarı, Hassan, Güven & Şen, 2017; Duran & Duran, 2004; Bybee, 2009; 

Bybee, 2014). For example, students can use the simulations to conduct an experiment 

to find the relationships between force, mass, and acceleration, or think of procedures 

to investigate how different applied forces affect the acceleration of an object. 

In phase 4 of 5E “elaboration”, students have the opportunity to expand and 

improve their understanding of the concept and apply it to practical situations. Students 

can gain a more profound and comprehensive understanding of key concepts, learn 

more about areas of interest, and improve their skills. For example, after analyzing the 

data obtained from the simulations, the students can answer the following: (1) What 

do you notice about the motion when there is no force added? 2) How did the motion 

of the object change when more force was added? 3) How did the motion of the object 

change when more mass was added?). 
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Finally, in the last stage of the 5E “evaluation”, students are encouraged to 

assess their understanding and teachers assess their progress in achieving educational 

goals (August et al., 2014; Sarı, Hassan, Güven & Şen, 2017; Duran & Duran, 2004; 

Bybee, 2009; Bybee, 2014). Table 1 summarizes these stages (Lo, 2017). For example, 

students can use essential vocabulary, group discussion notes, data table, and graph 

data as textual evidence to answer the following questions: (1) How do mass and force 

affect the motion of an object? 2) Design your own inquiry, demonstrating the effect 

of mass on forces? 3) write a general statement relating the acceleration and mass, 

when the force acting is constant). 
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Table 1: Summary of the 5E Instructional Model, Adapted from Lo (2017) 

Phase Description 

Engagement 

Teachers use learning activities to promote students’ 

curiosity and activate their prior knowledge required for 

learning the new topic. 

Exploration 

Students gain experiences related to the learning items 

through activities such as preliminary investigations. Based 

on students’ experiences in the engagement. 

Explanation 
Teachers introduce the new knowledge and skills to their 

students. 

Elaboration 

Teachers reinforce students’ understanding and improve 

their skills by offering additional activities. Students have 

to apply what they learned to solve novel problems. 

Evaluation 

Students assess their understanding and ability. 

Meanwhile, teachers evaluate students’ learning progress 

and their learning outcomes. 

 

3.3.5 PhET Simulation 

Psycharis (2011) believes that interactive simulations are a powerful learning 

tool that enables teachers to develop and deliver these high-quality lessons to engage 

students and make learning enjoyable and relevant. In fact, CSs can make visual 

content invisible and create multiple representations (Wieman, Adams & Perkins, 

2008). According to Wieman, Adams, Loeblein and Perkins (2010), CSs can be used 

in a variety of learning settings, including presentations, individual or group activities, 
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and laboratories. CSs are a tool designed to improve the workload of the well-designed 

curriculum and excellent instructors, but it cannot be replaced. 

Many researchers have argued that there is ample evidence that PhET 

interactive simulations can be a powerful tool for students to learn science, as their 

design has an intuitive interface for students with minimal text (Keller, Finkelstein, 

Perkins & Pollock, 2007; Batuyong & Antonio, 2018; Adams, 2009). When using 

PhET in teaching, students gain essential learning experiences, which are summarized 

in three main axes: Learning physics is fun, learning real physics, and learning physics 

is simple and easy (Batuyong & Antonio, 2018).  

Keller, Finkelstein, Perkins and Pollock (2007) documented the effectiveness 

of using of PhET program. The Development Kit Circuit Construction Kit (CCK) is 

conducted in two environments: interactive university lectures and an inquiry-based 

laboratory. Compared to conventional demos, the relative gain in understanding 

concepts for students viewing CCK is greater. Furthermore, students who use CCK 

without a clear current paradigm prefer simulations over other groups. This view is 

supported by Vic (2010), who described physics students in grades 11 and 12 using 

the PhET CCK to identify circuit experiments through a virtual laboratory and states 

that a PhET simulations can help students envision the intangible world of electronics 

and electronic solutions. The PhET simulations provide a way to collect virtual data. 

The study also suggested that teachers should use this simulation as a tool for 

exploration and discussion. 

Activities based on PhET interactive simulations can be a way to enhance 

students’ perceptions, thereby enabling people to gain a deeper understanding of the 
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concepts of physics (Podolefsky, Perkins & Adams, 2010). For example, according to 

Wieman, Adams, Loeblein and Perkins (2010), PhET simulations are useful in 

laboratory activities, making it impractical to explore working on real equipment. For 

example, students explore acceleration using multiple different variables (force, mass, 

and friction). Students can repeat experiments and quickly explore the effects of many 

different parameters. 

The great advantage of PhET is that it can model inaccessible conditions in a 

real laboratory so that the process can be explored under various conditions, such as 

no air resistance, no friction, and no risk (Batuyong & Antonio, 2018; Lamina, 2019; 

D'Angelo et al., 2014; Quellmalz & Pellegrino, 2009; Finkelstein et al., 2005b). 

Interactive PhET simulation is now widely used in the teaching of physics (Wieman, 

Adams, Loeblein & Perkins, 2010). Many simulations were issued per year to 

support universities and K12 students (Perkins, Moore & Chasteen, 2014). Adams et 

al. (2008) claimed that there are several ways to use the PhET simulator in teaching, 

for example, the PhET simulations can help: present new topics, build concepts or 

skills, and provide final review and reflection. It also provides a common visualization 

between students and teachers to facilitate all communication (Perkins, Moore & 

Chasteen, 2014). Finally, the PhET simulation can be played online or downloaded for 

free, very research-based, interactive animation and ease of use, and it allows actions 

that are difficult or not to take in the real world (Batuyong & Antonio, 2018; Perkins, 

2012). 
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3.4 Research Design 

The study employed a quasi-experimental pretest-posttest design/control group 

design, see Table 2. Creswell (2013) suggested that in quasi-experiment design 

causation is determined by applying a treatment or condition to one group and using 

the results compared to a control group. This design is used to show the differences in 

the physics performance and attitudes of the UAE eleventh graders students in learning 

NSLOM within the context of scientific inquiry instruction by using CSs as compared 

to eleventh grade students who learn Newton’s second law of motion by the use face-

to-face instruction. This design is an appropriate one as it provides an environment for 

comparison of the two groups based on the intervention; CSs within an inquiry-based 

learning environment.  

 

Table 2: The Experiment Design Pattern 

Groups Pretest treatment Post-test 

Experimental group Applied 
Receiving treatment 

CSs instruction 

Applied 

Control group Applied 
No treatment 

Face-to-face instruction 

Applied 

 

The main Independent Variables (IV) is the instructional method, which had 

two levels: (1) CSs within an inquiry-based learning environment (experimental 

group) (2) learning through traditional face-to-face instructions (control group). The 

Dependent Variable (DV) in this design was students’ performance on two levels, 

namely, conceptual and procedural understanding. A NSLMAT pretest was used to 

assess the UAE eleventh graders students when learning NSLOM within the context 
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of scientific inquiry instruction before the implementation of the intervention. Then 

the same test was administered after the intervention as a posttest to compare 

differences in performance mean scores between students in the treatment group, who 

learned by CSs within an inquiry-based learning environment, and their counterparts 

in the control group, who learned NSLOM by the use of face-to-face instruction. 

The same pretest post-test intervention quasi-experiment also used to assess 

the effects of using CSs within an inquiry-based learning environment on students’ 

attitudes towards physics. This survey design meant to determine the effects of the 

teaching and learning medium as the primary independent variable on the dependent 

variables, attitudes towards physics. 

3.5 Population and Sampling 

In this study, the target population consisted of secondary school students aged 

16-18 years (grade 11) in a major city in the UAE. All schools are using the same 

curriculum in teaching physics. In this study, two schools were selected as purposeful 

convenience sampling (Etikan, Musa & Alkassim, 2016), one for boys (taught by male 

teachers) and the other for girls (taught by female teachers). The criteria used to select 

these schools included: The grade 11 students in these schools were familiar with the 

content of the PhET simulation, the students shared similar demographic 

characteristics such as age, gender, and ethnicity, and both schools are located in one 

emirate in the UAE; Almost 90% of students are Emirati; 10% of the students are Arab 

students. The socio-economic status of mostly from middle class. All classes have one 

lesson time and one number of physics lessons. Both schools equipped each student 

with an individual laptop, as well as print text in the teaching of physics. Physics 
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lessons are taught by qualified teachers who are fluent in English. Also, the two groups 

are in the advanced stream in the academic year of 2019-2020. 

90 students participated in this study: 50 males and 40 females. Table 3 

summarizes the characteristics of the study groups participants.  

 

Table 3:  Study Groups 

 

 

 

 

 

The sample of classes was obtained by means of the random sampling 

technique. The study included four classes of students; In the girl school, there were 

three grade 11 classes; one of these three classes have been randomly allocated to face 

to face instruction (Control Group [CG]), while another class was assigned to the CSs 

within an inquiry-based learning environment treatment (Experimental Group [EG]). 

The second school for boys has four grade 11 classes; one was chosen randomly to be 

a CG, whereas another class chosen to be the EG. Pre-treatment testing of both 

instruments (NSLMAT and TOSRA subscales) were performed before treatment to 

determine a student’s prior knowledge of NSLOM and their level of attitudes toward 

physics. The EGs were treated with the PhET simulations. After treatment, all students 

receive the same test and survey as a posttest. 

 

Groups Gender Number (N) Total 

CGs 
Female 20 

45 
Male 25 

EGs 
Female 20 

45 
Male 25 
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3.6 Research Instruments  

The effect of experimental treatment is evaluated using two instruments: 

NSLMAT was developed to assess a student’s understanding of conceptual and 

procedural knowledge. The second instrument focuses on assessing students’ attitudes 

toward science based on three scales of TOSRA, in particular, attitudes to scientific 

inquiry, enjoyment of science lessons, and a career interest in science. In this study, 

two instruments were used to answer the research questions.  

3.6.1 Newton’s Second Law of Motion Achievement Test (NSLMAT) 

The test included two-tire multiple choice questions that assess students’ 

performance in NSLOM at both conceptual and procedural levels. A test was 

developed in such a way to be suitable and comprehensible for the students.  

According to Biggs (1996), multiple-choice test critics claim that it only tests 

factual knowledge, and not conceptual understanding. As, it focuses on low order 

thinking skills. One possible solution is to use a two-tier Multiple Choice Question 

(MCQ). According to Mann and Treagust (2000), this question aims to help students 

and teachers understand students’ struggles so that they can correct any 

misunderstandings or difficult areas and deepen their understanding of the topic. 

The two-tier MCQ format is similar to the traditional MCQ format, but as the 

name suggests, it contains a second tier of questions related to the main question. The 

first tier of the question usually relates to a statement of knowledge. However, the 

second level of the question is suitable for testing students’ ability to learn and not 

only remember, but also requires a higher level of thinking (Williams, 2006). 
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The two-tier MCQs was developed following the procedure used by previous 

researchers in this field, namely, Treagust (1985, 1998). The development process was 

divided into three stages and ten steps, see Figure 13. In the first stage, the scope of 

the research content is defined. The second stage involves identifying student ideas 

when using multi-level notation (based on the responses of a group of 60 students) to 

describe and explain NSLOM. Stage 3 includes several steps in designing the test 

project and reviewing the final version of the two- tier MCQs diagnostic tool. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Scheme of the Development Process of a Two-Tier Diagnostic Test Based 

on Treagust (1988) 

Define the content

• Identifying 
propositional 
knowledge 
statements

• Developing a 
concepts maps

• Relate propositional 
knowledge to the 
concept map.

• Content validation

Obtaining 
information about 

students' 
misunderstanding

• Check the relevant 
literature.

• Conduct 
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interviews with 
students

• Freely develop 
multiple options for 
content items

Development 
and validation

of diagnostic 
tests

• Development of 
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• Design a 
specific grid
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3.6.1.1 Phase One: Define the Content Area of NSLOM 

The first stage of MCQ development involves the design and development of 

a two- tier MCQ. These questions were specially developed for 11th- grade students 

at NSLOM in the UAE. NSLOM was chosen after an extensive literature review, 

reporting that both local and international students have learning difficulties and 

misunderstandings on these specific topics (Antwi, 2013). In this stage, first, the 

content boundaries and learning goals were determined according to the purpose of the 

study. The following educational objectives related to the field of study are recorded: 

• Students can explain the types of Forces. 

• Students can distinguish between Weight and Mass. 

• Students can calculate net force. 

• Students can determine and calculate the Normal Force. 

• Students can explain Free-Body Diagrams. 

• Students can explain Newton’s First Law. 

• Students can explain Newton’s Second Law. 

• Students can explain Newton’s Third Law. 

• Students can interpret useful ropes and Pulleys. 

• Students can determine and calculate problems related to Two Books 

Connected on a Table. 

• Students can interpret effective Kinetic Friction. 

• Students can interpret effective Static Friction. 

• Students can determine and calculate problems related to Two Blocks 

Connected by a Rope—with Friction. 
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Then ten concept maps were drawn for each topic, and one for each concept 

included in this study. It also examines the relationship between theoretical knowledge 

and concept maps. All concept maps were validated by six physics teachers who also 

participated in teaching physics for the 11th grade. Test development is based on the 

final version of the proposed knowledge statement and concept map. 

3.6.1.2 Phase Two: Identifying Students’ Conceptions when Describing and         

Explaining NSLOM 

A significant feature of this stage involved defining student conceptions when 

describing and explaining NSLOM. In addition to a review of the research literature 

(Antwi, 2013), written answers (including semi-structured and freely answered 

questions) were used in 17 exercises to identify students’ ideas (see Appendix A). The 

researcher conducted these exercises with 60 students in grade 11 and designed 

responses for grade 11 physics students’ distracters factors based on literature reviews 

and the reasons presented in the interviews. Distracters factors include alternative 

conceptions, and they were created from this list. These alternative conceptions were 

then used to create a two-tier MCQs diagnostic test, where the questions included an 

introduction and four alternatives, one of which is correct answer. These questions 

were then evaluated by a group of physics teachers and supervisors of the physics 

department at a major district (zone) in Abu Dhabi. 

The test was then prepared in its preliminary form, as it included 30 items. It 

was presented to a group of physics teachers and supervisors. The appropriate 

adjustments were made based on their opinions and observations. The following 

observations listed incorporate: 

1. Reduce the number of test items to be less than 30. 
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2. Delete some items which required a long time to answer, as well as exclude items 

which their level exceeded the UAE 11th grade students. 

3. Delete some items that require advanced mathematical skills. 

4. Some educators also referred to the amendment of the wording of some 

paragraphs and alternatives to make them clearer. 

Following this initial evaluation, questions were asked and considered 

appropriate for the study. The revised version of the test is shown in Appendix (B). 

3.6.1.3 Phase 3: Development and Validation of NSLMAT 

In this stage, and based on literature review and interviews, the two-tier 

diagnostic tests have been developed, where the first tier is a traditional multiple-

choice step, and the second tier is a possible reason to give a specific answer to the 

first tier (Haladyna & Rodriguez, 2013). The second level contains four answers, one 

of which is the expected answer. Distractors included high frequencies of wrong 

reasons and scientifically unacceptable conceptions held by grade 11 physics students. 

3.6.1.4 NSLMAT Validation  

With regard to the validity of the content, the test was presented to a group of 

educators, consisting of 10 experts specialized in physics and physics education, 

consisting of inspectors and high school teachers, as well as to a group of university 

professors, (see Appendix C). The experts were asked to ensure that the test was 

content valid in terms of formulation of phrases and its language, scientific accuracy, 

comprehensiveness of the measuring tool, and its suitability for the goal for which it 

was developed. Additionally, the experts were asked to judge the clarity of the 
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paragraphs, and their suitability for the participants of the study, see Appendix (B). 

The researcher obtained some opinions and suggestions from the judges, see Appendix 

(E). 

In the light of these observation received, the researcher modified the initial 

form by rewriting some of the phrases, other phrases were excluded. Besides, the 

symbols rewritten in ways that are similar to one presented in the book published in 

the UAE for advanced 11th graders in 2019, and after all the changes made, the final 

image of the scale consisting of 16 questions can be found in Appendix (D). The 

questions include an introduction and four alternatives, one of which is correct. 

Therefore, students must choose an answer from symbolic options A, B, C, and D. 

While the justification for the answer choices from one of the options numbers 1, 2, 3, 

and 4. The focus of the test items was on: (1) conceptual understanding, (2) and 

procedural understanding. Table 4 shows the distributions of items on both conceptual 

and procedural domains. 

 

Table 4: Distribution of Items in the Final Version of NSLMAT 

 

Knowledge domains Items 

Procedural knowledge 
Q2, Q4, Q6, Q7, Q9, Q10, Q11, and Q13 

Conceptual Knowledge 
Q1, Q3, Q5, Q8, Q12, Q14, Q15, and Q16 
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3.6.1.5 NSLMAT Reliability   

Split-half reliability was calculated to assess the internal consistency of this 

NSLMAT by comparing the results of the odd numbers with the results from the even 

numbers as illustrated in Tables 5 and 6, respectively.  

 

Table 5: Reliability Statistics for NSLMAT Exam 

Cronbach's Alpha 

Part 1 
Value 0.741 

N of Items 16a 

Part 2 
Value 0.844 

N of Items 16b 

Total N of Items 32 

Correlation Between Forms 0.611 

Spearman-Brown Coefficient 
Equal Length 0.759 

Unequal Length 0.759 

Guttman Split-Half Coefficient 0.758 

 

 
 

Table 6: Scale Statistics of NALMAT 

 Mean Variance 

Std. 

Deviation 

N of 

Items 

Part 1 13.73 3.857 1.964 15a 

Part 2 12.03 4.309 2.076 13b 

Both Parts 25.77 13.151 3.626 28 

 

 Because the reliability and the variance of the two parts were not equals, the 

researcher was adopted  Guttman split-half reliability coefficient, and it  was found 

0.758. This means that the scores are acceptable in terms of reliability since it was 

between -1 and 1.   
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The internal consistency validity of the test for conceptual and procedural 

domains, as well as the test items, were also calculated as shown in the Tables 7, 8, 

and 9. 

 It is evident from Table 7 and Table 8 that most of the test items in its 

conceptual and procedural dimensions are associated with the overall score, with a 

statistically significant correlation at the level of significance 0.01, except for 

questions 4 and 12, and this indicates that the internal consistency characterizes the 

test. 

 

Table 7: Correlation Coefficients Between Each Domain with Overall Score of Test 

Knowledge 

domain 

Coefficient of correlation with the total 

score 

Significance 

level 

Conceptual 

Question 0.759** 0.01 

Answer 0.561** 0.01 

Total 0.796** 0.01 

Procedural 

Question 0.952** 0.01 

Answer 0.896** 0.01 

Total 0.944** 0.01 

**. Correlation is significant at the 0.01 level (2-tailed). 
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 Table 8: Correlation Coefficients Between Questions and Overall Score of the 

Conceptual Domain 

 

 

 

 

 

 

 

 

 

  

Question number  
Coefficient of 

correlation 
Significance level 

2 
Question 0.829** 

0.01 
Answer 0.788 

4 
Question 0.103 

Not significant 
Answer 0.463 

6 
Question 0.793** 

0.01 
Answer 0.703 

7 
Question 0.829** 

0.01 
Answer 0.834 

9 
Question 0.712** 

0.01 
Answer 0.827 

10 
Question 0.671** 

0.01 
Answer 0.745 

11 
Question 0.955** 

0.01 
Answer 0.885 

13 
Question 0.612** 

0.01 
Answer 0.755 
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Table 9: Correlation Coefficients Between Questions and Overall Score of the 

Procedural Domain 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

3.6.2 Survey of Physics Attitudes (TOSRA) 

Test of Science Related Attitudes (TOSRA) was selected for use in this study 

because of its proven validity and reliability, TOSRA does not combine conceptually-

different constructs to form one scale, and its scales has demonstrated unidimensional 

and independence in past studies through factor analysis (Fraser & Lee, 2015). One of 

the advantages of TOSRA is that it provides a profile of scores for many conceptually 

different attitudes, and although the results are difficult to interpret on an absolute 

Question number  
Coefficient of 

correlation 
Significance level 

1 
Question 0.840** 

0.01 
Answer 0.787 

3 
Question 0.694** 

0.01 
Answer 0.592 

5 
Question 0.885** 

0.01 
Answer 0.649 

8 
Question 0.961** 

0.01 
Answer 0.880 

12 
Question 0.252 

Not significant 
Answer 0.212 

14 
Question 0.813** 

0.01 
Answer 0.787 

15 
Question 0.759** 

0.01 
Answer 0.659 

16 
Question 0.955** 

0.01 
Answer 0.788 
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scale, they can offer a comparative interpretation (Fraser & Lee, 2015). TOSRA was 

chosen for this study because it was shown to be valid and reliable in different contexts 

(Smist, Archambault & Owens, 1994; Fraser & Lee, 2015).  

As Fraser stated that, “TORSA is likely to be most useful for examining the 

performance of groups or classes of students” (Frasier, 1981, p. 1). Moreover, Fraser 

(1981) designed TOSRA and subdivided into component subscales to measure seven 

different science related attitudes among secondary school students. These subscales 

include: (1) Leisure Interest in Science, (2) Attitude toward Scientific Inquiry, (3) 

Adoption of Scientific Attitudes, (4) Normality of Scientists, (5) Enjoyment of Science 

Lessons, (6) Social Implications of Science and (7) Career Interest in Science. Each 

subscale contains ten items, while the total instrument contains 70 items. Each subscale 

comprises 10 statements to which students must react using a 5-point Likert-type scale 

that ranges from Strongly agree (5) to Strongly disagree (1). Five of these items are 

worded positively and five negatively to avoid stereotyped responses. According to 

Unfried, Faber, Stanhope and Wiebe (2015) TOSRA has internal consistency ranging 

from 0.64 to 0.93 for its subscales, and acceptable test–retest reliability. 

The researcher was granted the permission by the authors of TOSRA to use the 

survey on May 24th, 2020, as shown Appendix F.   

Three scales that relevance to the purpose of the study were chosen from 

TOSRA and adopted under the supervision of the researcher’s advisor: Attitude toward 

Scientific Inquiry (ASI) (10 items), Enjoyment of Science Lessons (ESL) (10 items) 

and Career Interest in Science (CIS) (10items) (see Appendix G). Table 10 represents 

the distribution of items for the three subscales. The TOSRA items involve 
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coordinating a response that requires students to express their level of agreement with 

each statement on a 5-point scale, including a Strongly (high) degree of Agreement 

(SA), Agree (A), Not sure (N), Disagree (D), and Strongly Disagree (SD), to assess 

students’ retrospective pretest levels of attitudes toward physics, as well as to assess 

their posttest levels of attitudes toward physics. Within each scale, five are positive 

items and five are negative, with respect to their position on science and science related 

issues. Scoring includes response to SA, A, N, D and SD designation 5, 4, 3, 2, 1, the 

items that have been identified as Positive (+) 1, 2, 3, 4 and 5 in response to SA, A, N, 

D, SD. As shown in Table 10 (Fraser, 1981), the items marked as negative (-) scores 

1, 2, 3, 4 and 5 for SA, A, and N answers and D and SD, respectively. Record missing 

or invalid answers 3. The questionnaire used in this study is found in Appendix G. The 

results of the pretest and posttest scores are the mean of the elements that make up the 

scale. 

Table 10: Distribution and Scoring of Items According to TOSRA Subscale 

Subscale Distribution of Items 

ASI 1, 4(-), 7, 10(-), 13, 16(-), 19, 22(-), 25, 28(-) 

ESL 2, 5(-), 8, 11(-), 14, 17(-), 20, 23(-), 26, 29(-) 

CIS 3(-), 6, 9(-), 12, 15(-), 18, 21(-), 24, 27(-), 30 

For negative items (-), SA, A, NS, D, and SD are scored 1, 2, 3, 4, 5, respectively. 

After preparing the scale, it was reviewed and verified by a jury specialized in 

the fields of education, physics, and research. The experts provided comments and 

suggestions to the researcher. For example, some teachers recommended reducing the 

textual density because they believed that they needed a long time to answer, and their 

level exceeded the UAE 11th grade students. Another example, some educators also 
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referred to the amendment of the wording of some paragraphs and alternatives to make 

them clearer. The researcher also asked some students in the test sample to read the 

scale to make sure they fully understood all the meanings. In the preparation of the 

final version of the scale, most of the suggestions of experts and students were taken 

into consideration (see Appendix G). After validating the scale, the researcher assessed 

the reliability of the constructs of the scale using Cronbach’s Alpha coefficient, and 

the results are presented in Table 11. 

 

Table 11: Reliability Coefficients for Survey of TOSRA Subscale 

 

As illustrated in Table 11, carrying out Cronbach’s alpha coefficient test 

showed the scale reached acceptable reliability, α = 0.90. The reliabilities that obtained 

was associated with Fraser’s (1981). Cronbach’s alpha coefficient value for “ASI” was 

the lowest, α = 0.720. On the other hand, Cronbach’s alpha coefficient value for “CIS” 

was the highest, α = 0.759. Therefore, the scores of the three subscales were found 

reliable as their mean scores ranged between 0 and 1. In fact, the coefficient alpha of 

0.90 suggests that this TOSRA subscales as standalone instrument was reasonably 

reliable for respondents in this study and its internal consistency could be trusted.    

 

Scale N of Items Mean 
Std. 

Deviation 

Cronbach's 

Alpha (α) 

ASI 10 22.12 5.992 0.720 

ESL 10 22.93 6.647 0.724 

CIS 10 23.60 6.777 0.759 

All the Three Scales 30   0.90 
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3.7 Pilot Study 

A pilot study was included in the research design prior to data collection to 

determine the feasibility and application of the research instruments (In, 2017). The 

pilot study focused on the wording used in pre- and posttests to ensure those study 

participants correctly understood and responded the test items, as well as the relevance 

of the questions and applicability of the content (In, 2017). The pilot study did not 

include any treatment or control group. Instead, the pilot study focuses on determining 

the effectiveness of test instruments (In, 2017).  

NSLMAT was given to eleventh graders from the same schools. They were 

randomly assigned as pilot samples, and did not participate in the experiment, and 

provided feedback on their understanding of questions related to NSLOM. Their 

responses indicate that they understand these questions. However, four items of the 

NSLMAT were rewritten to simplifies their content. Additionally, the results of the 

collected data were found to be reliable in the Alpha Cronbach coefficient (α = 0.84). 

Likewise, the TOSRA subscale used the same procedure. Chose the same 

students as the test sample. Next, use the students’ comments to review the 

questionnaire to ensure that all items are clear and correct. In the TOSRA subscale 

survey, the reliability of the pilot sample was found, Cronbach’s alpha coefficient (α 

= 0.94) for the subscale survey of TOSRA. 

3.8 Data Collection Procedures 

After the official approval from ADEK in the UAE obtained, the study took 

place on October 30, 2019 as shown in Appendix I. Two eleventh grade classes were 
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chosen in each school to participate in the study. Then the classes are randomly 

assigned to the EG or the CG. The simulations used in this study were a PhET 

simulations developed by the University of Colorado. NSLOM simulations include the 

forces exerted on objects, acceleration, distances and masses, and friction that is 

invisible to the naked eye. However, the relationship between these variables can be 

seen in the PhET simulations. Since the student controls these variables, the simulation 

is interactive, and the resulting effects can then be recorded. The existing worksheets 

from the PhET website were adapted and used to test the students’ knowledge and 

understanding of the NSLOM, see Appendix J. These worksheets describe how to use 

and access the PhET simulations and are prepared to answer questions while running 

the simulations. The worksheets depend mainly on the content, and the student must 

fill in the values that change as the student deals with various variables in the 

simulations. The worksheets are identified by the students themselves and discussed 

by the teacher and students. Additionally, the worksheets were also used to find out if 

students can use their knowledge of NSLOM, as well as they contained summarized 

types of questions where the student had to calculate certain values by applying their 

knowledge. 

Schools sent permission forms on October 30th, 2019 with all students in these 

classes to approve and allow their participation in the study in the same day (see 

Appendixes K). The consent form that was sent to parents (see Appendixes L) 

provided them about the purpose of the research and some details that the students will 

study, and they will be targeted to respond to pretest and posttest to measure the 

NSLMAT, and a survey to measure students’ attitudes toward physics. The letter 

included that participating in this study is voluntarily, and the data will be confidential 
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and anonymous, and used only for research purposes. Then, a meeting was held with 

participating teachers to train for the experiment. The researcher asked their 

permission to participate and informed them that their participation is voluntary, and 

they have the right to withdraw at any time. They showed enthusiasm and support. The 

researcher conducted the training, including instructions for conducting the pretest and 

posttest, as well as how to teach this topic through CSs within an inquiry-based 

learning environment. Provide detailed lesson plans (Appendix M) for teachers from 

all instructional groups to carry out learning activities. 

Data collection takes about one month, and the data was collected in different 

stages, as shown in Figure 14. Firstly, on November 3, 2019, all students of the EGs 

and the CGs took part in a pretest and survey, it takes about 45 minutes and 20 minutes 

respectively. 

Figure14: Experimental Procedure of the Study 
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The purpose of the survey was explained to the students, they were informed 

that there was no right or wrong answer, and they were assured that the results would 

be kept confidential, and their participation is as voluntarily basis. Additionally, their 

participation in the test is voluntarily and the result will not affect their grades. 

Secondly, teachers started teaching the unit from November 4 to December 4, 2019. 

The students participating in this study had already received approximately 20 lessons 

of instruction and had also completed 3-lessons labs covering various physics concepts 

in NSLOM. The NSLOM activities sessions were administered in three separate 

sessions in different week, with 45-60 minutes for each session. The control group 

conducted experiments on NSLOM in a traditional lab experiments, and the 

experimental group conducted similar experiments using CSs within an inquiry-based 

learning environment. In traditional and CGs the students engaged in a hands-on 

activity on ‘NSLOM’. However, the students in EGs were expected to discover 

mathematical relationships of NSLOM and explain phenomena in the NSLOM 

simulation. Thirdly, the students took the same test that was conducted on December 

5, 2019 and received the same survey. The answers to the exam and the survey took 

approximately 45 minutes and 20 minutes, respectively. The NSLMAT test and the 

TOSRA subscale survey were conducted in an environment of integrity to prevent any 

cheating or support (Meyers, Gamst & Guarino, 2016; Creswell & Creswell, 2017), 

and the researcher explained to the students to work independently. Finally, after the 

process was completed, a feedback report on the results for the entire groups were 

submitted to each school, without comparing schools or identifying students in order 

to maintain confidentiality. 
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3.9 Research Questions  

The main objective of the study is to examine the impact of CSs within an 

inquiry-based learning environment on grade 11 UAE students’ learning of Newton’s 

second law of motion and attitude toward physics. To achieve this goal, seven research 

questions were proposed. 

1- What impact does CSs have on student performance in Newton’s second law of 

motion within an inquiry context?  

2- Are there any statistically significant differences in performance in Newton’s 

second law of motion between students who studied through CSs within the context 

of scientific inquiry instruction and students who studied through traditional face-to-

face instructions? 

3- Is there any statistically significant difference in performance regarding 

conceptual understanding in Newton’s second law of motion, between students who 

studied through CSs within the context of scientific inquiry instruction and students 

who studied through traditional face-to-face instructions?  

4- Is there any statistically significant difference in learning achievement regarding 

procedural understanding in Newton’s second law of motion, between students who 

studied through CSs within the context of scientific inquiry instruction and students 

who studied through traditional face-to-face instructions?  

5- What impact do computer simulations have on student attitudes towards physics 

when taught within an inquiry context? 

6- Is there any statistically significant difference in attitudes towards physics 

between students who studied through using CSs within the context of scientific 
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inquiry instruction and students who studied through traditional face-to-face 

instructions?  

7- What is the interaction, if any, between students’ gender and the use of CSs in 

teaching NSLOM within the context of scientific inquiry on performance and 

attitudes toward physics? 

To answer these seven research questions, two instruments were used: (1) 

Newton’s Second Law of Motion Achievement Test (NSLMAT) was administered 

twice to the students to assess physics performance in conceptual and procedural 

domains before and after the experiment, and (2) TOSRA subscale was administered 

twice to determine whether students’ attitudes toward physics were 

developed/changed. 

For the first research question, which focused on determining the impact of 

CSs on student performance at NSLOM within an inquiry context, data was collected 

using a NSLMAT pre-test-post-test quasi-experimental instrument. Similarly, an 

analysis of students’ responses to items associated with NSLMAT was conducted to 

collect data on students’ performance reported in both groups. To study the second, 

third, and fourth research questions (i.e., for the second research question, which 

focused on determining if there was a difference in students’ performance in NSLMAT 

between, students who studied through CSs within the context of scientific inquiry 

instruction and students who studied through traditional face-to-face instructions. For 

the third and fourth research question, which focused on comparing student 

performance regarding conceptual and procedural understanding in NSLOM, between 

students who studied through CSs within an inquiry-based learning environment and 
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students who studied through traditional face-to-face instructions). The results 

obtained from NSLMAT were also used to compare between the two groups.   

For the fifth and sixth research questions, which focused on determining the 

impact of CSs on student attitudes towards physics when taught within an inquiry 

context, and comparing students’ attitudes towards physics, between students who 

studied through CSs within an inquiry based learning environment and students who 

studied through traditional face-to-face instructions, data were explored utilizing the 

survey of TOSRA subscale to collect data about student attitudes towards physics and 

were also used to compare between the two groups.  

Finally, in the seventh research question, which focused on determining 

whether there is an interaction between gender and the use of CSs that affected 

students’ performance and attitudes toward physics, data obtained from analysis of the 

results of the NSLMAT and the TOSRA subscale questionnaire were used. 

3.10 Data Analysis 

Data analysis is one of the most important elements in the quantitative method; 

Therefore, the researcher reviewed previous studies that used similar instruments, and 

consulted an expert in the field of statistics to select the most appropriate analysis 

statistics to analyze the data.  

Data from NSLMAT and TOSRA were analyzed using the Statistical Package 

for the Social Sciences (SPSS 25). Means (M) and Standard Deviations (SD) were 

calculated. The mean gain score and standard deviation were used to calculate 

Cohen’s d effect sizes. According to Cohen (1992), independent means and standard 
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deviations can be used to calculate effect sizes, d = 0.20 is a small effect size, d = 0.50 

is medium effect size, and d = 0.80 is a large effect size.  

In this study, the main assumptions were tested to ensure the accuracy and 

correct interpretation of the results. Since the number of cases is less than 100 (N = 

90), the Shapiro-Wilk statistic results should be considered to test the normal 

distribution of the data, and for testing the homogeneity of variances, Leven’s test was 

calculated for the assumptions that the variances of the two groups are equal. It was 

found that the assumptions have not been violated. Similarly, it was found that the 

assumptions have not been violated for the two genders. 

To answer research question one, three kinds of analysis were used. Firstly, 

mean scores and standard deviations were used to compare the differences between 

conceptual and procedural understanding scores of the EGs and CGs before and after 

the treatment. Secondly, the independent sample t-test was used to determine the initial 

comparison of the two groups before the intervention. Finally, the pre and posttest 

results for the two-tier test were analyzed, and the Percentage (%) of correct answers 

that students get through this test is compared.  

To evaluate the effectiveness of the intervention, Hake’s normalized gain was 

calculated. Hake’s (1998) introduced the normalized gain <g> was used to measure 

the effectiveness of CSs within an inquiry-based learning environment in promoting 

conceptual and procedural understanding. According to Hake’s (1998) defined the 

“average normalized gain <g> for CSs within an inquiry-based learning environment 

as the ratio of the actual average gain to the maximum possible average gain”. 
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𝑔 =
𝑃𝑜𝑠𝑡 𝑡𝑒𝑠𝑡 % − 𝑃𝑟𝑒 𝑡𝑒𝑠𝑡%

100% − 𝑃𝑟𝑒 𝑡𝑒𝑠𝑡
 

To answer research question two, descriptive statistics of mean scores and 

standard deviation were used to compare NSLMAT scores differences for both the 

EGs and the CGs and the two genders. Mean gain scores and standard deviations were 

also used to calculate Cohen’s d effect sizes. One-way Analysis of Variance (ANOVA) 

was used to determine whether there were any statistically significant differences 

between the two groups before the intervention. It was found that pretest scores at p < 

0.05 were not significantly. Similarly, an independent-samples t-test was conducted to 

check whether there was a significant difference between the mean of male and female 

students. A paired t-test was done to determine whether there was any statistically 

significant difference between the pre- and posttest scores in NSLMAT for each of the 

two groups.  

To answer research question three, conceptual understanding scores were 

stratified by gender. Mean scores and standard deviations were used to compare 

conceptual understanding differences for both the EGs and CGs. Mean gain scores and 

standard deviations were also used to calculate Cohen’s d effect sizes. One-way 

ANOVA is used to determine whether there were any statistically significant 

differences between the two groups and genders before the intervention. A paired t-

test was done to determine whether there was any statistically significant difference 

between the pre- and posttest scores in NSLMAT for each of the two groups and 

genders. A similar analysis was conducted for the treatment group in the fourth 

research question. 
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To answer research question five, mean scores and standard deviations were 

used to compare ASI, ESL, CIS scores differences between the EGs and CGs before 

and after the treatment. An independent-samples t-test was conducted to check whether 

there was a significant difference between the two groups, as well as genders.   

To answer research question six, Multivariate Analysis of Variance 

(MANOVA) was undertaken using three credit evaluation orientations; ASI, ESL, and 

CIS as dependent variables and instruction method as an independent variable with 

two multiple levels: CSs within an inquiry-based learning environment and face-to-

face instruction. Before starting the analysis, it was essential to check the data for the 

MANOVA assumptions. Meyers, Gamst and Guarino (2016) identified several 

assumptions to use MANOVA. First, the design of this study ensures that the 

participants are independent of one another. Moreover, the ASI, ESL, and CIS 

measurement types are continuous. Additionally, the data are consistent with the 

assumption of an appropriate sample size. 

As for normality condition, two tests of normality were done, and since the 

number of cases is above 50, the result of Shapiro-Wilk was to be considered for 

testing the normal distribution of data. This test showed that the data is distributed 

normally since the value of the test is more significant than 0.05 for each variable.  

To check whether the homogeneity of variance and covariance assumption was 

met, Box’s Test of Equality of Covariance Matrices test was run. The analysis did not 

yield significant results at p > 0.05 (Box’s M = 40.542, p = 0.004 < 0.05), indicating 

that the variance-covariance matrices of the dependent variable between treatment 

level and gender are not equal and the homogeneity assumption was tenable.  
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Therefore, there was no reason to believe that any variances between the three 

subscales groups differed significantly.  

Bartlett's Test of Sphericity is statistically significant (approximate chi-square 

χ2 = 219.784, p = 0.000 < 0.001). Indicating sufficient correlation between the 

dependent measures to proceed with the analysis. 

Finally, concerning checking for outliers, data were split into two halves, and 

the linear regression Mahalanobis distance test was done to find out the critical values 

of the data. Mahalanobis critical value was less than the critical value identified by χ

2. Thus, there were no extreme or outliers in the data. Thus, data met the assumptions 

of having no outliers.  

3.11 Ethical Considerations 

Once the official approval from the College of Education at United Arab 

Emirates University (UAEU) obtained on October 6, 2019, as shown in Appendix N, 

permission was granted to conduct the research by ADEK in the UAE who is the 

employer of the researcher (see Appendix I). Additionally, the researcher applied for 

ethical clearance to the Ethics Review Committee of the UAEU. The Research Ethics 

Sub-Committee for Social Sciences granted permission in writing, and this can be 

found in Appendix O. 

Contact the school’s principals and obtain permission. The teachers involved 

in the study were very energetic and willing to participate in the study from the 

beginning. A brief account of the study was given to them and discussed their role in 

research, and the different activities were discussed. The process was explained by 
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indicating that this research could be valuable not only to the students at the school but 

also to the students and teachers in the province, the data was used only for the research 

purposes and has been kept secret, and the collected data in this study would not be 

revealed to anybody that might cause any physical, social or psychological harm to the 

students. 

Organized a meeting with students to explain the basic principles of this study. 

This was scheduled as students in the study have the right to be informed about the 

aims, purposes and the consequences, and the likely publication of the findings. 

Additionally, the students reported that the school’s names, the students’ names, 

nationalities, ethnicity, religions, and backgrounds would not be revealed to the public, 

to prevent any threat that may cause any harm.  Moreover, all students informed that 

their participation was voluntary, and no one would be harmed by participation in this 

study. They were notified that they could withdraw from the study at any time, as 

shown in the various consent forms (see Appendixes K and L). These forms have been 

completed, signed, and collected by the parties concerned. 

3.12 Conclusion  

This chapter was intended to provide detailed description and explanations of 

the research methods adopted in the light of its objectives. It started with stating that 

the main purpose of the study to verify whether the purposeful use of CSs within an 

inquiry-based learning environment may influence the learning of NSLOM and the 

attitudes towards physics of eleventh- grade students. The design of the study was 

explained followed by the research settings and context. A detailed information about 

the materials, resources, and test were provided. Additionally, this chapter described 
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the population, sampling, and participants. The instruments used and its validity and 

reliability, the research questions of the study, and how the data was collected and 

analyzed, was discussed. This chapter also outlined in detail the ethical and legal 

procedures followed in this research to prevent any privacy invasion and any type of 

harm to participants. Finally, the next chapter would display the results and findings 

of the study. 
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Chapter 4: Findings  

4.1 Chapter Overview 

The purpose of this study was to investigate the impact of CSs on the UAE 

eleventh grade students’ learning of Newton’s second law of motion within the context 

of scientific inquiry instruction. It also aimed at assessing the impact of CSs on 

students’ attitudes level towards physics while learning NSLOM under CSs within an 

inquiry-based learning environment. The outcomes of using CSs within an inquiry-

based learning environment were compared to a face-to-face instruction. This study 

also explored whether or not will be a gender differences when learning about NSLOM 

using CSs within an inquiry-based learning environment.  

To answer the research questions, two instruments were used: (1) NSLMAT 

test with 16 items was used to measure students’ conceptual and procedural 

understanding of NSLOM topics. Both groups took a pretest before teaching the 

NSLOM topic, and after completing 20 lessons using CSs within an inquiry-based 

learning environment or face-to-face instruction, the same test was given as posttest. 

(2) The TOSRA scale attitude survey towards physics, to compare the attitudes levels 

of the two groups on three scales namely, Attitudes to Scientific Inquiry (ASI), 

Attitudes to Career Interest in Science (CIS) and Enjoyment of Science Lessons (ESL). 

The study used various statistical analyses to find out the answers for each 

research question. Descriptive statistics (Mean and Standard Deviation) were used to 

analyze the data used in each group. An independent sample t-test was used to compare 

the NSLMAT mean between the two groups. One-way ANOVA is used to determine 
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if there were statistically significant differences between the groups before the 

intervention.  Additionally, a paired sample t-test was used to compare the NSLMAT 

mean and students’ attitudes in each group.  

Moreover, MANOVA analysis was performed to identify any significant 

differences in the TOSRA scale in (1) ASI; (2) ESL; and (3) CIS among male and 

female students to different groups; EGs and CGs. Univariate analysis of variance 

(ANOVA) was used to study further the significant results obtained from the 

MANOVA analysis to check whether there were differences between the different 

response categories, and whether they were significant. Finally, a post-hoc test was 

then employed to examine paired mean comparisons resulting from the variance 

analysis. Below are the results organized by research question. 

4.2 Results of Research Question One 

What impact do computer simulations have on student performance in 

Newton’s second law of motion within an inquiry context? 

The NSLMAT includes two types of assessment questions, namely conceptual 

and procedural questions, that are designed to assess students’ learning outcomes. 

Conceptual questions were used to assess students’ understanding of NSLOM (i.e., 

concepts and principles), and procedural questions were used to assess students’ 

performance at procedural level skills. 

NSLMAT mean scores and standard deviations for the participant were 

calculated using SPSS 25. In this regard, an independent sample t-test was used to 

determine whether the two groups were initially comparable before the intervention. 



130 

 

 

 

 

 

 

The results of an independent sample t-test reveal that pretest scores at the p < 

0.05 level of the two groups were not significantly statistically different. For the EGs 

(M = 18.00, SD = 3.24) and the CGs (M = 17.51, SD = 2.84) conditions; t (88) = 0.093, 

p = 0.927. This means that students in the two groups are comparable, as illustrated in 

Table 12. 

 

Table 12: An Independent-Samples t-Test of NSLMAT of the Two Groups 

Groups N Mean SD t df Sig. 

Pre- CGs  45 17.51 2.84    

Pre- EGs 45 18.00 3.24 0.093 88 0.927 

 

Table 13 shows the results of the students’ performance scores before and after 

the treatment (simulations) for each group independently. Mean differences suggest 

that the EGs performed higher in all the tests, including before receiving any type of 

treatment. The EGs scored 0.48 points higher than the CGs on the pretest and 5.20 

points higher on posttest (see Table 13). 

 

Table 13: Performance Results of NSLMAT Stratified by Group 

 

The normalized gain factor from the posttest to that of the pretest was 

computed using the formula: 

 EGs (N = 45) CGs (N = 45) 

 Mean 
Std. 

Deviation 

Std. Error 

of Mean 
Mean 

Std. 

Deviation 

Std. 

Error of 

Mean 

Pretest 18.00 3.24 0.48 17.51 2.84 0.42 

Posttest 25.51 3.62 0.54 20.31 4.09 0.61 
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𝑔 =
𝑃𝑜𝑠𝑡 𝑡𝑒𝑠𝑡 % − 𝑃𝑟𝑒 𝑡𝑒𝑠𝑡%

100% − 𝑃𝑟𝑒 𝑡𝑒𝑠𝑡
 

Where posttest percentage is the students’ score after the posttest out of 100%, 

and pretest percentage is the students score after the pretest out of 100%. Hake (1998) 

divided the average gain values as; high gain scores if (g ≥ 0.7) medium gain scores if 

(0.3 ≤ g < 0.7) and low gain if (g < 0.3). 

As can be seen from Table 14, the results show that, EGs which used the CSs 

within an inquiry-based learning environment to learn the concepts of NSLOM had 

medium gain scores, while the CGs who was treated the same topic by a face-to-face 

as an instructional strategy had scored low gain score ranges. 

 

Table 14: Mean Gain of the Two Groups 

Groups N 

Mean 

Pretest 

(%) 

Mean 

Post-test 

(%) 

Mean 

difference 

(%) 

Gain 

(g) 

CGs 45 56 63 7 0.16 

EGs 45 56 80 24 0.55 

 

The pre and posttest results were analyzed for the first tier (the questions). 

Figure 15 shows the percentage of students’ correct answers obtained from this test. 

The values varied between 40% and 73% for the pretest and varied between 56% and 

88% for the post test.  
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Figure 15: Results of the Pretest and Posttest for the First Tier 

Likewise, the results of the pretest and posttest were analyzed for the second 

tier (answers). Figure 16 shows the percentage of students’ correct answers obtained 

from this test. The values varied between 20% and 69% for the pretest and varied 

between 52% and 84% for the posttest. 

 

 

Figure 16: Results of the Pretest and Posttest for the Second Tier 
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Table 15 represent the results from the two-tire test. This analysis revealed that 

for the pretest, 57% of the students who had chosen the correct answer gave a false or 

no explanation for their choice, in this case, only 54% of the students showed a correct 

understanding of NSLOM by choosing the correct answers. In contrast to the results 

from the pretest, 73% of the students who answered NSLMAT correctly were also 

showed an improvement in understanding with 70% correct answers. 

 

Table 15: Results of the Two-tier Test 

The two-tires N  
Pretest 

(%) 

Posttest 

(%) 

Difference 

(%) 

First-tier (Questions) 90  57 73 16 

Second-tier (Answers) 90  54 70 16 

 

4.3  Results of Research Two 

Are there any statistically significant differences in performance in Newton's 

second law of motion between students who studied through CSs within the context of 

scientific inquiry instruction and students who studied through traditional face-to-face 

teachings? 

To identify the means of NSLMAT of the eleventh-grade students using CSs 

within an inquiry-based learning environment and those using face-to-face instruction, 

means and standard deviations were calculated for the CGs and EGs. Table 16 shows 

the NSLMAT score results for each group before and after treatment independently. 

Table 16 shows that the students in the CGs (M =17.51, SD = 2.84) and in the EGs (M 

= 18.00, SD = 3.24) have the same performance in the pre-test. There was a higher 
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mean in the posttest of the CGs and EGs with (M = 20.31, SD = 4.09) and (M = 25.51, 

SD = 3.62) respectively.  The means of pretest of the EGs and CGs are graphically 

shown in Figure 17. 

Compared to the moderating effect of face-to-face instruction on students’ 

understanding (d = 0.73), the CSs within an inquiry-based learning environment had a 

large impact on enhancing students’ knowledge of NSLOM topics (d = 2.56) (Table 

16). 

 

Table 16: Performance in NSLOM Gains Stratified by Group  

 
Pretest  Posttest   

Group Mean 
Std. 

Deviation 
Variance Mean 

Std. 

Deviation 
Variance 

Cohen’s 

d* 

EGs  18.00 3.24 10.500 25.51 3.62 13.119 2.56 

CGs  17.51 2.84 8.074 20.31 4.09 16.765 0.73 

*: d = effect size  

 

 

 

 

Figure 17: Means of Pretest for the Two Groups 
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To evaluate the impact of the intervention on the EGs achievement in NSLOM, 

descriptive statistics were calculated for their pretest and posttest scores on the 

NSLMAT. The EGs has a higher mean score (M = 25.51, SD = 3.62) than the CGs (M 

= 20.31, SD = 4.09). Furthermore, the Variance (VAR) of scores around the mean 

value in CGs (VAR = 16.76) is slightly higher than in EGs (VAR = 13.11). The means 

of posttest of the EGs and CGs are graphically shown in Figure 17. 

Effect sizes were calculated on knowledge gains (Table 16) to compare the 

effect of the CSs within an inquiry-based learning environment on NSLMAT 

comprehension performance in each group. Cohen (1992) described the degree of 

these effects. where d = 0.20 is a small effect size, d = 0.50 is a medium effect size, 

and d = 0.80 is a large effect size.  

Overall, the CSs-based instruction had the greatest effect on changing students’ 

understanding of NSLOM topics in comparison to face-to-face instruction. 

Given the sample size, the normal distribution of the data, and the 

insignificance of the homogeneity of variance, the data was analyzed using the one- 

way ANOVA to determine whether the two groups were comparable initially before 

the intervention. 

A one- way ANOVA was used to determine whether the two groups were 

initially comparable before the intervention. It was found that there was no significant 

difference on pre-test scores at the p < 0.05 level for the two groups [F (1, 89) = 0.579, 

p = 0.449] as described in Table 17. 
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Table 17: One-Way ANOVA of the Pretest Scores 

 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between Groups 5.378 1 5.378 0.579 0.449 

Within Groups 817.244 88 9.287   

Total 822.622 89    

 

Table 18 shows the means of pretest of the two genders. It’s clear that there 

were no statistically significant differences between male students in the CGs (M = 

17.76, SD = 3.03) and in the EGs (M = 18.04, SD = 3.43). they had the same 

performance in the pre-test. This was also found for female students in the CG (M = 

17.20, SD = 2.62) and in the EG (M = 17.95, SD = 3.06). There was a higher mean in 

the pre-test for the EGs which as indicated did not differ significantly from the CGs 

mean. The means of pretest of the two genders are graphically shown in Figure 18. 

 

Table 18: Descriptive Statistics for the Pre-Test Based on Gender 

Gender Condition N Mean 
Std. 

Deviation 

CGs  
Male 25 17.76 3.0315 

Female 20 17.20 2.6278 

EGs  
Male 25 18.04 3.4337 

Female 20 17.95 3.0689 
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Figure 18: Graphical Comparison of the Mean Scores of the Two Groups Stratified by 

Gender 

 

An independent-samples t-test was conducted to examine whether there was a 

significant difference between the mean of the male and female students. Table 19 

shows the independent-samples t-test results from the SPSS 25. The subsequent test 

assuming equality of variances indicated that there was no significant difference in the 

means t (88) = 0.502 and p = 0.617.  

The independent t-test for the equality of means indicated that the difference 

in the means was not significant, so there was no difference in the two groups of male 

and female students before teaching started in the section of NSLOM. 

 

Table 19: An Independent-Samples t-test of NSLMAT of the Two Gender 

 Groups N Mean SD t df Sig. 

Pretest 
Male 50 17.90 3.20    

Female 40 17.57 2.84 0.502 88 0.617 

0

5

10

15

20

25

30

Pretest Posttest Pretest Posttest

Male Female

Experimental Group Control Group Total



138 

 

 

 

 

 

 

A one- way ANOVA was used to determine whether the EGs to that of the 

CGs in the posttest were significantly different after the intervention. As shown in 

Table 20, it was found that the post-test scores at p < 0.05 for the two groups were 

significantly different [F (1,89) = 40.718, p = 0.000]. 

 

 

Table 20: One-Way ANOVA of the Posttest Scores  

 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between Groups 608.40 1 608.40 40.718 0.000 

Within Groups 1314.88 88 14.94   

Total 1923.28 89    

 

A paired-sample t- test was conducted to check whether there was a significant 

difference between the mean pretest and posttest scores for the EGs. Since the p values 

of the Kolmogorov-Smirnov test were larger than 0.05, the data sets were normally 

distributed.  

Table 21 shows the paired-sample t-test results from the SPSS. It shows that 

there is a significant difference between the pre-test and post-test scores in the EGs, 

which can be reported as, t (44) = 11.133, p < 0.05. 

 

Table 21: Paired-Sample t- test of Pre and Post-test of EGs 

Pretest  Posttest    

Mean 
Std. 

Deviation 
 Mean 

Std. 

Deviation 
t df Sig. 

18.0000 3.24037  25.51 3.62 11.133 44 0.000 
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As shown in Table 22, the pretest results of the male students in the EG (M = 

17.90, SD = 3.20) and in the posttest (M = 22.42, SD = 4.68) were significantly 

different. The same significantly different results were found for the female students 

in the pretest results (M = 17.57, SD = 2.84) and in the posttest (M = 23.52, SD = 

4.59). Mean differences for the EGs suggest that the male students scored 4.52 points 

lower than the female students 5.95 after receiving CSs within an inquiry-based 

learning environment. The above results suggest that CSs within an inquiry-based 

learning environment had a large effect on both female students (d = 1.49) and male 

students (d = 2.44). These results suggest that CSs within an inquiry-based learning 

environment also helped female and male students gain a better understanding of 

NSLOM topics. The graphical comparison of the CGs and the EGs is shown above in 

Figure 18. 

 

Table 22: Performance in NSLOM Gains Stratified by Gender 

 
Pretest  Posttest   

Gender Mean 
Std. 

Deviation 

 
Mean 

Std. 

Deviation 

Mean 

Difference 

Cohen’s 

d* 

Male 17.90 3.21  22.42 4.68 4.52 1.13 

Female 17.57 2.85  23.53 4.59 5.95 1.56 

*: d = effect size  

 

4.4 Results of Research Question Three 

Is there any statistically significant difference in performance regarding 

conceptual understanding in Newton's second law of motion, between students who 



140 

 

 

 

 

 

 

studied through CSs within the context of scientific inquiry instruction and students 

who studied through traditional face-to-face teachings? 

The conceptual questions of the test were designed in such a way to verify 

students’ understanding of the concept. Conceptual questions require students to think 

conceptually about the behavior of variables under specific circumstances, and how 

changes in one parameter will affect other parameters or how a concept relates to 

specific conditions. If students evoke a concept without really understanding its 

meaning, they will have difficulty finding the right solution. The conceptual test 

consisted of 8 MCQs. 

The conceptual pretest and post test scores mean, and the standard deviations 

of the two groups are shown in Table 23. Table 23 shows that the students in the CGs 

(M = 8.93, SD = 2.31) and in the EG (M =8.88, SD = 2.40) have the same performance 

in the conceptual pretest. There was a higher mean in the conceptual posttest of the 

CGs and EGs with (M = 10.86, SD = 2.94) and (M = 14.44, SD = 2.00), respectively.  

Overall results indicate that the CSs within an inquiry-based learning environment had 

the greatest effect on enhancing students’ conceptual understanding of NSLOM topics 

in comparison to face-to-face instruction. The means test of the EGs and CGs are 

graphically shown in Figure 19. 

Effect sizes were calculated on conceptual knowledge gains (Table 23) to 

compare the effect of CSs within an inquiry-based learning environment within each 

group on performance on conceptual understanding. With a Cohen’s d effect size 

calculation, it indicates that compared to the medium effect of face-to-face instruction 

(d = 0.73), the CSs within an inquiry-based learning environment had the most 
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considerable effect in enhancing students’ understanding of concepts (d = 2.51) (Table 

23). 

 

Figure 19:  Means of Pre and Post Conceptual Test of the Two Groups 

To evaluate the impact of the gender on the conceptual performance in the 

NSLMAT, descriptive statistics were calculated for their pretest and posttest scores on 

the conceptual NSLMAT. Table 23 presents the pretest and posttest means and 

standard deviation for the two gender. Table 23 shows that the male students in the CG 

(M = 9.08, SD = 2.27) and in the EG (M = 8.96, SD = 2.45) have the same performance 

in the pretest. This was also found among the female students in the CG (M = 8.75, 

SD = 2.40) and in the EG (M = 8.80, SD = 2.39). Results suggest that CSs within an 

inquiry-based learning environment had a large effect (d = 2.94) and (d = 2.10) for 

both male and female, respectively.  
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Table 23: Performance in Conceptual Gains Stratified by Group and Gender 

*: d = effect size  

 

A normality test was performed to see if the conceptual data were normally 

distributed. Since the p value of the Kolmogorov-Smirnov test is greater than 0.05, 

then the dataset is normally distributed. Moreover, the Levene test for equality of 

variances was used to assess the homogeneity of the variance, and the result was not 

significant p> 0.05. Levene’s test was upheld for the students in pretest. 

A one-way ANOVA was used to determine whether the two groups were 

initially comparable before the intervention. As shown in Table 24, it was found that 

there was no significant difference in pretest scores at p < 0.05 level between the two 

groups [F (1,89) = 0. 008, p = 0.929)]. This means that the students in the two groups 

were comparable. 

 

 

   
Pretest Posttest  

Groups N Gender Mean 
Std. 

Deviation 
Mean 

Std. 

Deviation 

Cohen’s 

d* 

EG 

25 Male 8.96 2.45 14.96 1.51 2.94 

20 Female 8.80 2.39 13.80 2.37 2.10 

45 Total 8.88 2.40 14.44 2.00 2.51 

CG 

25 Male 9.08 2.27 10.24 2.74 0.46 

20 Female 8.75 2.40 11.65 3.06 1.05 

45 Total 8.93 2.31 10.86 2.94 0.73 



143 

 

 

 

 

 

 

Table 24: One-Way ANOVA of the Conceptual Pretest Scores of the Two Groups 

 

 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between Groups .044 1 .044 0.008 0.929 

Within Groups 489.24 88 5.56   

Total 489.28 89    

 

A normality test was performed to see if the conceptual data were normally 

distributed, and since the p value of the Kolmogorov-Smirnov test is greater than 0.05, 

then the dataset is normally distributed. Moreover, the Levene test for equality of 

variances was used to assess the homogeneity of the variance, and the result was not 

significant p > 0.05. Levene’s test was upheld for the students in pretest.  

A one-way ANOVA was used to determine whether the two gender were 

initially comparable before the intervention. As shown in Table 25, there was no 

significant difference in pretest scores for both gender at p < 0.05 level, [F (1,89) = 

0.241, p = 0.625]. This means that the two gender were comparable, so there was no 

difference in the two groups of male and female students before teaching started in the 

conceptual section. 

 

Table 25: One-Way ANOVA of the Conceptual Pretest of the Two Gender 

 

 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between Groups 1.334 1 1.334 0.241 0.625 

Within Groups 487.955 88 5.545   

Total 489.289 89    
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A paired-sample t- test was conducted to check whether there was a significant 

difference between the mean pretest and posttest scores for the CGs in the conceptual 

domain. Table 26 shows the paired sample t-test results from the SPSS. Table 26 shows 

that there is a significant difference between the pretest and posttest scores in the CGs, 

which can be reported as, t (44) = -3.83, p < 0.05. In the CGs the findings indicate that 

not using CSs improved female performance on NSLMAT conceptual domain t (19) 

= -3.39, p = 0.003 (p < 0.05) and d = 1.05, i.e., a large effect. However, the findings 

of the male group indicate that not using CSs had not improved male performance on 

NSLMAT conceptual domain t (24) = -2.05, p = 0.051(p > 0.01), d = 0.46 (small effect) 

see Table 26. These results suggest that face-to-face instruction also helped female 

students gain a better understanding of NSLOM concept topics relative to the male 

students. 

 

Table 26: Paired-Sample t- Test of Conceptual Items Based on CGs and Gender 

 
Pretest- Posttest for CGs 

 
Pretest  Posttest    

 
Mean 

Std. 

Deviation 
 Mean 

Std. 

Deviation 
t df Sig. 

CGs 8.9333 2.31  10.86 2.94 -3.83 44 0.000 

 
Pretest-Posttest for two Gender of CGs 

 
Pretest  Posttest 

   

Pretest- 

Posttest 
Mean 

Std. 

Deviation 
 Mean 

Std. 

Deviation 
t df Sig. 

Male 9.0800 2.27  10.24 2.74 -2.05 24 0.051 

Female 8.75 2.40  11.65 3.06 -3.39 19 0.003 
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A paired-sample t- test was conducted to check whether there was a significant 

difference between the mean pre-test and post-test scores for the EGs in conceptual 

domain. Table 27 shows the paired sample t- test results from the SPSS 25.  

Table 27 shows that there is a significant difference between the pretest and 

posttest scores in the EGs, which can be reported as, t (44) = -12.4, p < 0.05. In the 

EGs the findings indicate that using CSs within an inquiry-based learning environment 

improved female performance on NSLOM conceptual domain t (19) = -6.31, p = 0.000 

(p < 0.05) and d = 2.10, i.e., a large effect. Additionally, the findings of the male group 

indicate that using CSs improved male performance on NSLOM conceptual domain t 

(24) = -12.0, p = 0.000 (p < 0.05), d = 2.94 (large effect) see Table 27. These results 

suggest that CSs within an inquiry-based learning environment helped female and 

male students gain a better understanding of NSLOM conceptual topics. 

Table 27: Paired-Sample t- Test of Conceptual Items Based on EGs and 

Gender 

 
Pretest- Posttest for the EGs 

 
Pretest  Posttest    

 
Mean 

Std. 

Deviation 
 Mean 

Std. 

Deviation 
t df Sig. 

EGs 8.88 2.40  14.44 2.00 -12.4 44 0.000 

 
Pretest-Posttest for two Gender of EGs 

 
Pretest  Posttest    

Pretest- 

Posttest 
Mean 

Std. 

Deviation 
 Mean 

Std. 

Deviation 
t df Sig. 

Male 8.96 2.45  14.96 1.51 -12.0 24 0.000 

Female 8.8000 2.39737  13.800 2.00630 -6.31 19 0.000 
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In summary, for the female students these findings indicate that, not using CSs 

within an inquiry-based learning environment significantly improve their performance 

on the conceptual knowledge items. Although there was no significant difference in 

the scores, the means did increase. Therefore, these results indicate that for female 

students both use and lack of use of CSs within an inquiry-based learning environment 

leads to a large effect size and improved their performance. For the male students, 

these findings indicate that, not using CSs within an inquiry-based learning 

environment their performance did not significantly improve on the conceptual 

knowledge items, this led to a small effect size which also was not significant. When 

CSs within an inquiry-based learning environment was used, the effect size was large. 

Therefore, these results indicate that for male students the use of CSs within an 

inquiry-based learning environment had a large effect size and the lack of use of CSs 

within an inquiry-based learning environment leads to a small effect size in their 

performance, although this decrease is not significant. Had also a large effect size. 

Moreover, when using CSs within an inquiry-based learning environment, the 

difference in the conceptual performance of male students is higher than that of female 

students, and the change is more significant when using CSs compared to not using 

the CSs. The graphical comparison of the conceptual mean scores of the CGs and the 

EGs is shown below in Figure 20. 
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Figure 20: Graphical Comparison of the Conceptual Mean Scores of the Two Groups 

Stratified by Gender 

 

4.5 Results of Research Question Four 

 Is there any statistically significant difference in learning achievement 

regarding procedural understanding in Newton's second law of motion, between 

students who studied through CSs within the context of scientific inquiry instruction 

and students who studied through traditional face-to-face teachings?  

Procedural questions of the test were designed to focus on procedural 

knowledge. Students were asked to think clearly about the constraints and the structure 

of the question and explain how to obtain answers from the constraints through 

various steps. The complexity of procedural problems varies considerably. For 

example, some problems require only one or two steps to solve, while some problems 

require different procedures. Procedural questions focus on assessing students’ deep 
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understanding of the procedures and their application. The procedural test consists of 

8 MCQs. 

The procedural pretest and post test scores mean, and standard deviations of 

both groups are shown in Table 28.  

 

Table 28: Performance in Procedural Gains Stratified by Group and Gender 

*: d = effect size 

Table 28 shows that the students in the CGs (M = 8.58, SD = 2.24) and in the 

EGs (M = 9.11, SD = 2.43) have the same performance in the procedural pretest. There 

was a higher mean in the procedural posttest of the CGs and EGs with (M = 9.44, SD 

= 2.77) and (M = 11.07, SD = 2.44), respectively.  Overall results indicate that the CSs 

within an inquiry-based learning environment had the greatest effect on changing 

students’ procedural understanding of NSLOM in comparison to face-to-face 

instruction. The means test of the EGs and CGs are graphically shown in Figure 21. 

   
Pretest Posttest  

Groups N Gender Mean 
Std. 

Deviation 
Mean 

Std. 

Deviation 

Cohen’s 

d* 

EGs 

25 Male 9.08 2.08 11.00 2.27 0.88 

20 Female 9.15 2.87 11.15 2.70 0.72 

45 Total 9.11 2.43 11.06 2.44 0.80 

CGs 

25 Male 8.68 2.30 8.64 2.44 0.02 

20 Female 8.45 2.21 10.45 2.87 0.78 

45 Total 8.57 2.24 9.44 2.76 0.34 
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Effect sizes were calculated on procedural knowledge gains (Table 28) to 

compare the effect of CSs within an inquiry-based learning environment in each group 

on performance on procedural understanding. With a Cohen’s d effect size calculation, 

it indicates that, compared to the small effect of face-to-face instruction (d = 0.34), 

acceptance of the simulation has the most significant effect on enhancing students’ 

understanding of the procedural concepts (d = 0.80) (Table 28). 

Descriptive statistics of pre- and post-test results for the procedural NSLMAT 

were calculated to assess the effect of gender on procedural performance 

in NSLOM. Table 28 describes the pretest and posttest means and standard deviations 

for both genders. Table 28 shows that the male students in CG (M = 8.68, SD = 2.30) 

and EG (M = 9.08, SD = 2.08) have the same performance in the pretest. It was also 

found among the female students of CG (M = 8.45, SD = 2.21) and EG (M = 9.15, SD 

= 2.87).  

The results show that the CSs within an inquiry-based learning environment 

had a large effect on male (d = 0.88) and female (d = 0.72). Face-to-face instruction 

had a small effect on students’ understanding of procedural NSLOM (d = 0.34). 

However, face-to-face instruction had a moderate effect on female students (d = 0.78), 

and a minimal effect on male students (d = 0.02). These results indicate that, compared 

to the male students, the CSs within an inquiry-based learning environment also helped 

the female students to understand the NSLOM subjects better. 

A normality test was performed to see if the procedural data were normally 

distributed, and since the p value of the Kolmogorov-Smirnov test is greater than 0.05, 

then the dataset is normally distributed. Moreover, the Levene test for equality of 
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variances was used to assess the homogeneity of the variance, and the result was not 

significant p > 0.05. Levene’s test was upheld for the students in pretest. 

A one-way ANOVA was used to determine whether the two groups were 

comparable initially before the intervention. As shown in Table 29, there was no 

significant difference in pretest scores at p < 0.05 between the two groups [F (1,89) = 

766, p = 0.384]. This means that the students in the two groups are comparable, so 

there was no difference in the EGs and in the CGs before teaching started in the 

procedural section. 

 

Table 29: One-Way ANOVA of the Procedural Pretest Scores  

 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between Groups 1.34 1 1.34 0.766 0.384 

Within Groups 154.44 88 1.75   

Total 155.78 89    

 

A normality test was performed to see if the procedural data were normally 

distributed, and since the p value of the Kolmogorov-Smirnov test is greater than 0.05, 

then the dataset is normally distributed. Moreover, the Levene test for equality of 

variances was used to assess the homogeneity of the variance, and the result was not 

significant p > 0.05. Levene’s test was upheld for the students in pretest. 

A one-way ANOVA was used to determine whether the two genders were 

initially comparable before the intervention. As shown in Table 30, it was found that 

there was no significant difference on pretest scores at the p < 0.05 level for the two 

genders [F (1, 89) = 0.008, p = 0.930]. This means that the two genders were 
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comparable, so there was no difference in the two groups of male and female students 

before teaching started in the procedural section. 

 

Table 30: One-Way ANOVA of the Procedural Pretest Scores of the Two Gender 

 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between Groups .014 1 0.014 0.008 0.930 

Within Groups 155.77 88 1.770   

Total 155.78 89    

 

Paired-samples t-test was used to determine if there was a specific change in 

the performance from pretest to posttest in the procedural domain. Homogeneity of 

variance was assessed using Levene’s test for equality of variances, and the result was 

not significant p > 0.05. Levene’s test was upheld for the learners in posttest. Since the 

p values of the Kolmogorov-Smirnov test were larger than 0.05, the data sets were 

normally distributed. 

A paired-sample t-test was conducted to check whether there was a significant 

difference between the mean pretest and posttest scores for the CGs in the procedural 

domain. Table 31 gives the paired-sample t-test results from the SPSS 25.   

Table 31 shows that there is no significant difference between the pre and 

posttest scores for the CGs, which can be reported as t (44) = -1.533, p > 0.05. In the 

CGs, study results showed that not using CSs within an inquiry-based learning 

environment did not improve female’s performance in the NSLOM procedural domain 

t (19) = -2.57, p = 0.091 (p > 0.05). Likewise, findings in the male group showed that 

not using CSs within an inquiry-based learning environment did not improve male’s 
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performance in the NSLOM procedural domain t (24) = 0.052, p = 0.959 (p > 0.05). 

These results indicate that face-to-face instruction did not help female or male students 

to understand the topic of the NSLOM procedural better.  

 

Table 31: Paired-Sample t- Test of Procedural Items Based on CGs and Gender 

 
Pretest- Posttest for CGs 

 
Pretest  Posttest    

 
Mean 

Std. 

Deviation 
 Mean 

Std. 

Deviation 
t df Sig. 

CGs 8.57 2.24  9.444 2.76 -1.53 44 0.133 

 
Pretest-Posttest for two Gender of CGs 

 
Pretest  Posttest    

Pretest- 

Posttest 
Mean 

Std. 

Deviation 
 Mean 

Std. 

Deviation 
t df Sig. 

Male 8.68 2.30  8.64 2.44 .052 24 0.959 

Female 8.45 2.21  10.45 2.87 -2.57 19 0.091 

 

A paired-sample t-test was conducted to check if there was a significant 

difference between the mean of the pretest and posttest scores for EGs in the 

procedural domain. Table 32 shows the results of the paired sample t-test results from 

the SPSS. 

Table 32 shows that there is a significant difference between the pretest and 

posttest scores of the EGs, which can be reported as, t (44) = -3.86, p < 0.05. In EGs, 

the study results showed that the use of CSs within an inquiry-based learning 

environment could improve female performance in the NSLOM procedural domain t 

(19) = -2.35, p = 0.029 (p < 0.05) and d = 0.72, which is a Moderate effect. Besides, 
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the results of the male group showed that the use of CSs within an inquiry-based 

learning environment improved the performance of male students in the NSLOM 

procedural domain t (24) = -3.07, p = 0.005 (p < 0.05), d = 0.88 (large effect), see 

Table 32. These results suggest that CSs within an inquiry-based learning environment 

also helped male and female students gain a better understanding of NSLOM 

procedural topics. 

 

Table 32: Paired-Sample t- Test of Procedural Items Based on EGs and Gender 

 
Pretest- Posttest for Simulation Group 

 
Pretest  Posttest    

 
Mean 

Std. 

Deviation 
 Mean 

Std. 

Deviation 
t df Sig. 

EGs 9.1111 2.43  11.06 2.44 -3.86 44 0.000 

 Pretest-Posttest for two Gender of EGs 

 Pretest  Posttest    

Pretest- 

Posttest 
Mean 

Std. 

Deviation 
 Mean 

Std. 

Deviation 
t df Sig. 

Male 9.08 2.08  11.00 2.27 -3.07 24 0.005 

Female 9.15 2.87  11.15 2.70 -2.35 19 0.029 

 

Overall, for the female students, these findings indicate that not using CSs 

within an inquiry-based learning environment did not improve female’s performance 

in the NSLOM procedural domain leading to medium effect size which also was not 

significant, while the use of CSs within an inquiry based learning environment could 

improve female performance in the NSLOM procedural domain. For the male 

students, these findings suggest that the performance of not using CSs within an 
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inquiry-based learning environment did not improve significantly on the elements of 

procedural knowledge, leading to small effect size which also was not significant. 

When using CSs within an inquiry-based learning environment, the effect size was 

large. Additionally, when using CSs within an inquiry-based learning environment, 

the difference in the performance of the male students’ procedural knowledge is 

greater than the difference between the female students and compared to the non-use 

of CSs within an inquiry based learning environment, the changes when using CSs 

within an inquiry based learning environment are more considerable. When using CSs 

within an inquiry-based learning environment, the difference in procedural 

performance among male students is greater than that of female students and compared 

to not using CSs; the performance difference is more significant when using CSs 

within an inquiry based learning environment. A graphical comparison between the 

mean procedural scores for the CGs and the EGs is shown in Figure 21. 

 

Figure 21: Graphical Comparison of the Procedural Mean Scores of the EGs and CGs 

Stratified by Gender 
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4.6 Results of Research Question Five 

What impact do computer simulations have on student attitudes towards 

physics when taught within an inquiry context? 

TOSRA was designed to measure seven distinct science-related attitudes 

among secondary school students. In this study, as described in chapter three, three of 

the seven science-related attitudes were studied: (1) attitude of science inquiry, (2) 

enjoyment of science lessons and (3) career interest in science (Fraser, 1981). 

Prior to the experimental process, it was examined whether students in the 

experimental and control groups had comparable levels of attitude toward physics. For 

this purpose, three scales of TOSRA were given as a pretest for both groups. The mean 

score of the pretest was compared using the independent sample t-test. Table 33 

illustrates the mean scores of the experimental and control groups and the t-test results. 

The results of an independent sample t-test revealed that the two groups were 

statistically not significantly different on pretest scores at the p < 0.05. For the EGs (M 

= 2.16, SD = 0.72) and CGs (M = 2.14, SD = 0.591); t (88) = 0.122, p = 0.904. As 

described in Table 33, it can be said that prior to the experimental procedure the level 

of attitudes towards physics of experimental and control groups’ physics attitudes are 

comparable. 
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Table 33: Independent Samples t-Test Results of Pretest Attitudes for the Two 

Groups 

Groups N Mean SD t df Sig. 

CGs 45 2.14 0.59 
0.122 88 0.904 

EGs 45 2.16 0.72 

 

Both groups were preserved with the TOSRA scale. As shown in Table 34, the 

TOSRA scales scores for the CGs and the EGs were not statistically different in the 

pretest scores (p > 0.05). 

 

Table 34: TOSRA Pretest Sub-scale Results of the Two Groups 

 Groups N Mean SD t df Sig. 

ASI 
Experimental 45 2.07 0.722 

-0.235 88 0.815 
Control 45 2.10 0.61 

ESL 
Experimental 45 2.22 0.74 

0.182 88 0.856 
Control 45 2.20 0.63 

CIS 
Experimental 45 2.19 0.77 

0.382 88 0.703 
Control 45 2.13 0.65 

 

An independent sample t-test was performed to check if there was a significant 

difference between the mean of the male and female students. Table 35 shows the 

independent sample t-test results from the SPSS. 

The subsequent test assuming equality of variances indicated that there was no 

significant difference in the means t (88) = 0.189 and p = 0.850. As described in Table 

35, the independent t-test for the equality of means indicated that the difference in the 
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means was not significant, so there was no difference in the male and female students’ 

attitudes before the start of teaching the NSLOM section. It can be said that the physics 

attitudes of the male and female students were similar before the experiment. 

 

Table 35: An Independent-Samples t-Test of Attitudes of the Two Gender 

Groups N Mean SD t df Sig. 

Pre-Male 50 2.17 0.69 
0.189 88 0.850 

Pre-female 40 2.14 0.61 

 

At the end of the intervention (4 weeks later), to determine if there was a 

meaningful significant difference between the attitudes scores as measured by the three 

scales TOSRA of the EGs and the CGs in the posttest scores, the independent t-test 

were used. The analysis findings obtained are presented in Table 36. 

Table 36 shows that there is a meaningful statistical difference between the two 

groups’ combined physics attitude scale means on posttest scores at the p < .05 level 

for the two groups. For the EGs (M = 4.17, SD = 0.18) and the CGs (M = 2.68, SD = 

0.39) conditions; t (88) = 22.76, p = 0.000. As shown in Table 36. It can be said that 

after the experiment, the experimental and control groups’ physics attitudes are not 

equivalent. 

 

Table 36: Independent Samples t-Test Results of Posttest Attitudes for the Two 

Groups 

Groups N Mean SD t df Sig. 

CGs 45 2.68 0.39 
22.76 88 0.000 

EGs 45 4.17 0.18 
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Table 37 shows results for each scale independently. The results showed that 

there were statistically significant differences between the two groups on each scale. 

Significant differences (p = 0.000) were found in favor of the EGs in ASI, ESL and 

CIS. It can be considered that the attitudes towards ASI, ESL and CIS is very effective 

in the CSs within an inquiry-based learning environment. In this case, it can be said 

that CSs within an inquiry-based learning environment has a positive effect on the 

attitudes of students toward physics. Figures 22 and 23 show graphical comparisons 

of mean TOSRA scale scores for the EGs and gender, respectively.  

 

Table 37: TOSRA Posttest Sub-scale Results of the Two Groups 

 
Groups N Mean SD t df Sig. 

ASI 
Experimental 45 4.01 .34 

15.819 88 0.000 
Control 45 2.49 .54 

ESL 
Experimental 45 4.24 .33 

17.169 88 0.000 
Control 45 2.72 .48 

CIS 
Experimental 45 4.26 .29 

18.067 88 0.000 

Control 45 2.85 .43 
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Figure 22: Graphical Comparison of TOSRA Subscale Mean Scores of the 

Experimental and Control Groups 

 

 

 

Figure 23: Graphical Comparison of TOSRA Subscale Mean Scores of the Two 

Gender 
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 Table 38: Attitudes Gains for TOSRA Subscale Stratified by Gender for EGs 

Scale 
 

Pretest 
 

Posttest  
Cohen’s 

d* 

 
 

Mean 
Std. 

Deviation 

 
Mean 

Std. 

Deviation 
 

ASI 

 

Male 2.10 0.72  3.20 0.99 1.27 

Female 2.08 0.59  3.31 0.75 1.81 

Total 2.09 0.66  3.25 0.89 1.47 

ESL 

Male 2.23 0.69  3.38 0.93 1.40 

Female 2.19 0.68  3.60 0.77 1.92 

Total 2.21 0.68  3.48 0.86 1.62 

CIS 

Male 2.17 0.75  3.47 0.81 1.64 

Female 2.15 0.66  3.66 0.77 2.10 

Total 2.16 0.71  3.55 0.79 1.83 

*: d = effect size  

 

Effect sizes were calculated to compare the effect of the CSs in each gender on 

their attitudes toward physics (see Table 38 above). EG Received the CSs within an 

inquiry based learning environment had the greatest effecting on enhancing both male 

and female students’ attitudes towards physics (d > 0.8). 

4.7 Results of Research Question Six 

Is there any statistically significant difference in attitudes towards physics 

between students who studied through using CSs within the context of scientific 
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inquiry instruction and students who studied through traditional face-to-face 

instructions? 

To answer this question and to compare the groups and identifies the mean 

differences between the groups, MANOVA was undertaken using the three scales 

(ASI, ESL and CIS) as dependent variables and instruction method as an independent 

variable with two multiple levels: CSs within an inquiry-based learning environment 

and face-to-face instruction. Table 38 above provides each dependent variable sample 

size, means, and standard deviations for each level of the independent variable.  

No extreme scores, outlier, or statistical assumption violations were observed 

in the present data. Evaluation of the properties of the data set (such as normality, 

equality of variance-covariance matrices) showed that these data met the necessary 

statistical assumptions required to perform the analyses. A statistically significant 

Box’s M test at the p > 0.05 level, showed unequal variance-covariance matrices of 

the dependent variables across levels of treatment and gender. Thus, it is necessitated 

the use of Pillai’s trace to assess multivariate effects. Bartlett’s Test of Sphericity is 

statistically significant, and these indicated sufficient correlation between the 

dependent measures to proceed with the analysis. 

The MANOVA results (see Table 39) indicated that group had a significant 

impact on attitudes at the three levels at the p < 0.05 level (Pillai’s Trace = 0.871, F 

(3, 84) = 188.776, p = 0.000 < 0.05). The effect size for this relationship partial η2 = 

0.871 for tests. Thus, suggesting that there were significant differences in attitudes 

among the three subscales to different students’ groups. Similarly, the MANOVA 

results showed that Gender had a significant influence on attitudes at the three levels 
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at the p < 0.05 level (Pillai’ s Trace = 0.102, F (3, 84) = 3.197, p = 0.028 < 0.05). The 

effect size for this partial relationship η2 was 0.102 for tests. Therefore, suggesting that 

there was a significant difference in attitudes as perceived among the three subscales 

based on students’ gender. The multivariate interaction effect of group X Gender was 

also statistically significant, Pillai’s trace = 0.107, F (3,84) = 3.357, p = 0.023 < 0.05, 

partial η2 = 0.107. 

In order to investigate in which types of attitudes (ASI, ESL and CIS), that 

were significant differences among student groups (EG and CG) and students’ gender 

(male and female). Two-way MANOVA test was used to determine the effects of any 

interaction between the two levels of the first independent variable, “groups”; (1) CSs 

within an inquiry-based learning environment (2) and face-to-face instruction and the 

two levels of the second independent variable, “Gender”; (1) male and (2) female on 

the three dependent variables; (1) attitude to scientific inquiry, (2) enjoyment of 

science lessons and (3) career interest in science. 
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Table 39: Two- way MANOVA for Posttest based on Groups and Students’ Gender 

Effect  Value F 
Hypothesis 

df 

Error 

df 
Sig. 

Partial 

Eta 

Squared 

(η2) 

Intercept 

Pillai’s Trace 0.993 4276.701b 3.000 84.00 0.000 0.993 

Wilks’ 

Lambda 
0.007 4276.701b 3.000 84.00 0.000 0.993 

Hotelling’s 

Trace 
152.739 4276.701b 3.000 84.00 0.000 0.993 

Roy’s Largest 

Root 
152.739 4276.701b 3.000 84.00 0.000 0.993 

Groups 

Pillai’s Trace 0.871 188.776b 3.000 84.00 0.000 0.871 

Wilks’ 

Lambda 
0.129 188.776b 3.000 84.00 0.000 0.871 

Hotelling’s 

Trace 
6.742 188.776b 3.000 84.00 0.000 0.871 

Roy’s Largest 

Root 
6.742 188.776b 3.000 84.00 0.000 0.871 

Gender 

Pillai’s Trace 0.102 3.197b 3.000 84.00 0.028 0.102 

Wilks’ 

Lambda 
0.898 3.197b 3.000 84.00 0.028 0.102 

Hotelling’s 

Trace 
0.114 3.197b 3.000 84.00 0.028 0.102 

Roy’s Largest 

Root 
0.114 3.197b 3.000 84.00 0.028 0.102 

Groups * 

Gender 

Pillai’s Trace 0.107 3.357b 3.000 84.00 0.023 0.107 

Wilks’ 

Lambda 
0.893 3.357b 3.000 84.00 0.023 0.107 

Hotelling’s 

Trace 
0.120 3.357b 3.000 84.00 0.023 0.107 

Roy’s Largest 

Root 
0.120 3.357b 3.000 84.00 0.02 0.107 
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 Table 40 shows a significant difference between students’ groups (EGs and 

CGs) regarding their scores on attitude towards scientific inquiry, F (1, 49.900) = 

49.900, p = 0.000, partial η2 = 0.748, enjoyment of science lessons, F (1, 49.767) = 

49.767, p = 0.000, partial η2 = 0.785 and career interest in science, F (1, 43.992) = 

43.992, p = 0.000, partial η2 = 0.797. The significant differences and the post-Hoc 

comparison test presented in Tables 41 and 42, respectively. 

On the other hand, Table 40 shows significant differences among students 

based on gender in their scores on enjoyment of science lessons, F (1, 1.022) = 1.022, 

p = 0.013, partial η2 = 0.070 and career interest in science, F (1, .845) = 0.845, p = 

0.013, partial η2 = 0.070. However, no significant difference was observed in the 

scores of the two groups in the attitude to scientific inquiry, F (1, .243) = 0.243, p = 

0.268, partial η2 = 0.014. The significant differences and a post hoc Bonferroni 

comparison test are presented in Tables 43 and 44, respectively.  

Significant MANOVA results were followed with univariate ANOVA on each 

dependent measure separately to determine the locus of the statistically significant 

multivariate main effect of groups and gender on differences in attitudes towards 

physics among ASI, ESL and CIS. 
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Table 40: Two- way MANOVA for TOSRA Subscale based on Groups and Gender 

 

Effect  Value F 
Hypothesis 

df 
Error df Sig. 

Partial Eta 

Squared 

(η2) 

Intercept 

ASI 944.820 1 944.820 4844.800 0.000 0.983 

ESL 1085.935 1 1085.935 6849.066 0.000 0.988 

CIS 1131.294 1 1131.294 8684.550 0.000 0.990 

Groups 

ASI 49.900 1 49.900 255.875 0.000 0.748 

ESL 49.767 1 49.767 313.883 0.000 0.785 

CIS 43.992 1 43.992 337.713 0.000 0.797 

Gender 

ASI 0.243 1 0.243 1.244 0.268 0.014 

ESL 1.022 1 1.022 6.449 0.013 0.070 

CIS 0.845 1 0.845 6.487 0.013 0.070 

Group * 

Gender 

ASI 1.428 1 1.428 7.323 0.008 0.078 

ESL 0.815 1 0.815 5.140 0.026 0.056 

CIS 0.030 1 0.030 .234 0.630 0.003 

Error 

 

 ASI 16.772 86 0.195    

ESL 13.635 86 0.159    

CIS 11.203 86 0.130    

Total 

ASI 1024.110 90     

ESL 1159.330 90     

 CIS 1195.370 90     

Correcte

d Total 

 

ASI 70.883 89     

ESL 67.305 89     

CIS 56.881 89     
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ANOVA results are displayed in Table 41, there were statistically significant 

differences in the attitude towards scientific inquiry (F (1, 52.441) = 250.231, p = 0.000 

< 0.05), enjoyment of science lessons (F (1, 51.832) = 294.788, p = 0.000 < 0.05) and 

career interest in science (F (1, 44.803) = 326.426, p = 0.000 < 0.05) among students 

to different instructional method. 

 

Table 41: ANOVA Results for TOSRA-Subscale Measure by Groups 

  

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

ASI 

 

Between 

Groups 
52.441 1 52.441 250.231 0.000 

Within Groups 18.442 88 0.210   

Total 70.883 89    

ESL 

Between 

Groups 
51.832 1 51.832 294.788 0.000 

Within Groups 15.473 88 0.176   

Total 67.305 89    

CIS 

Between 

Groups 
44.803 1 44.803 326.426 0.000 

Within Groups 12.078 88 0.137   

Total 56.881 89    

 

Since Levene’s F test indicated that the error variances of the dependent 

variables were equal in the three groups, Bonferroni for multiple comparisons was 

employed to perform the post-hoc analysis (see Table 42). An inspection of the mean 

scores suggested that students in the EGs (M = 4.01, SD = 0.34) were significantly 

higher than students in the CGs (M = 2.49, SD = 0.54).  
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For the ASI, a significant difference was found between EGs and CGs (p < 

0.05), students in the EGs rated it significantly higher (M = 4.24, SD = 0.33) than 

students in the CGs (M = 2.72, SD = 0.48) at p = 0.05. Regarding ESL, students in the 

EGs rated it significantly higher (M = 4.24, SD = 0.33) than students in the CGs (M = 

2.72, SD = 0.48) at p = 0.05. Furthermore, regarding CIS, students in the EGs rated it 

significantly higher (M = 4.26, SD = 0.29) than students in the CGs (M = 2.85, SD = 

0.43) at p = 0.05.  

Additionally, an analysis of mean scores showed that CIS had the highest mean 

score (M = 4.26) followed by ESL (M = 4.24), and ASI had the lowest mean score (M 

= 4.01) (see Table 37 above). 

 

Table 42: Post Hoc Tests for Posttest based on TOSRA Subscale and Students’ Groups 

      

95% Confidence 

Interval for 

Differenceb 

Dependent 

Variable 

(I) 

Groups 

(J) 

Groups 

Mean 

Difference 

(I-J) 

Std. 

Error 
Sig.b 

Lower 

Bound 

Upper 

Bound 

ASI 
EGs CGs 1.499* 0.094 0.000 1.312 1.685 

CGs EGs -1.499* 0.094 0.000 -1.685 -1.312 

ESL 
EGs CGs 1.497* 0.084 0.000 1.329 1.664 

CGs EGs -1.497* 0.084 0.000 -1.664 -1.329 

CIS 
EGs CGs 1.407* 0.077 0.000 1.255 1.559 

CGs EGs -1.407* 0.077 0.000 -1.559 -1.255 
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The results of ANOVA are shown in Table 43 which indicated that, there were 

no statistically significant differences in ASI (F (1, .243) = 1.244, p = 0.268 > 0.05). 

However, there was statistically significant difference in ESL (F (1, 1.022) = 6.449, p 

= 0.013 < 0.05), and there were also statistically significant differences in CIS (F (1, 

0.845) = 6.487, p = 0.0.13 < 0.05) among students to different instructional method.  

 

Table 43: ANOVA Results for TOSRA-Subscale Measure by Gender 

  

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

ASI 

Between 

Groups 
.243 1 0.243 1.244 0.268 

Within Groups 70.641 88 0.803   

Total 70.883 89    

ESL 

Between 

Groups 
1.022 1 1.022 6.449 0.013 

Within Groups 66.283 88 0.753   

Total 67.305 89    

CIS 

Between 

Groups 
0.845 1 0.845 6.487 0.013 

Within Groups 56.036 88 0.637   

Total 56.881 89    

 

Since Levene’s F test showed that the error variances of the dependent 

variables were equal in the three groups, Sidak for multiple comparisons was 

employed to perform the post-hoc analysis (see Table 44). For ASI, no significant 

difference was found between male and female students (p > 0.05). An inspection of 

the mean scores suggested that with regard of ASI, male students showed higher level 
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of attitudes (M = 4.08, SD = 0.27) than female students (M = 3.93, SD = 0.42) at p = 

0.05, but not significant. Regarding CIS, female showed significantly higher level of 

attitudes (M = 4.35, SD = 0.23) than male students (M = 4.19, SD = 0.32) at p = 0.05. 

Regarding ESL, female showed significantly higher level of attitudes (M = 4.25, SD 

= 0.38) than male students (M = 4.23, SD = 0.30) at p = 0.05. Besides, an analysis of 

mean scores showed that CIS had the highest mean scores (M = 4.26), followed by 

ESL (M = 4.24), and the ASI had the lowest mean score (M = 4.01). 

 

Table 44: Post Hoc Tests for Posttest based on TOSRA Attitudes Subscale and 

Students’ Gender 

      

95% 

Confidence 

Interval for 

Differenceb 

Depe

ndent 

Varia

ble 

(I) 

Groups 

(J) 

Groups 

Mean 

Difference 

(I-J) 

Std. 

Error 
Sig. 

Lower 

Bound 

Upper 

Bound 

ASI 

Male Female -0.105 0.094 0.268 -0.291 0.082 

Female Male 0.105 0.094 0.268 -0.082 0.291 

ESL 

Male Female -0.214* 0.084 0.013 -0.382 -0.047 

Female Male 0.214* 0.084 0.013 0.047 0.382 

CIS 

Male Female -0.195* 0.077 0.013 -0.347 -0.043 

Female Male 0.195* 0.077 0.013 0.043 0.347 
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Finally, Table 45 shows statistically significant differences among multivariate 

interaction effect of Groups × Gender in their scores on ASI (F (1, 1.428) = 1.428, p 

= 0.008, partial η2 = 0.078) and ESL (F (1, .815) = 0.815, p = 0.026, partial η2 = 0.056). 

However, in terms of group and gender interactions, no significant differences were 

observed in their CIS scores (F (1, 0.030) = 0.030, p = 0.630, partial η2 = 0.003). This 

means that any student either male or female used CSs within an inquiry-based 

learning environment their attitudes increased more relative to face-to-face instruction 

at both ASI and ESL. Meanwhiles that, CSs within an inquiry-based learning 

environment did not affect students’ attitudes in both gender regarding CIS. 

 

Table 45: Means Scores and Standard Deviations for Measures of TOSRA Subscales 

Stratified by Gender 

  
 EGs CGs 

 
Gender 

N Mean Std 

Deviation 

Mean Std 

Deviation 

ASI 

Male 25 4.08 0.27 2.33 0.59 

Female 20 3.93 0.42 2.69 0.40 

Total 45 4.01 0.34 2.49 0.54 

ESL 

Male 25 4.23 0.30 2.54 0.44 

Female 20 4.25 0.38 2.95 0.44 

Total 45 4.24 0.33 2.72 0.48 

CIS 

Male 25 4.19 0.32 2.74 0.42 

Female 20 4.35 0.23 2.98 0.41 

Total 45 4.26 0.29 2.8511 0.43 
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4.8 Summary  

This chapter has presented the data analysis and findings, by describing how 

the different groups were taught and the outcomes of the instruction employed in this 

study. It focused first on data analysis and findings relating to NSLOM performance 

divided into conceptual and procedural knowledge. It then presented and examined 

students’ attitudes to different TOSRA scale (ASI, ESL and CIS). Statistical analysis 

of the pretest and posttest scores were provided for both NSLMAT and attitudes 

towards physics “TOSRA subscale questionnaire” with students from all the two 

groups. The seven research questions that guided this study were also answered in this 

chapter. Overall results suggest that the CSs within an inquiry-based learning 

environment had a large effect on students’ learning of NSLOM topics in comparison 

to the face-to-face instruction. Furthermore, compared to face-to-face instruction, CSs 

within an inquiry-based learning environment contributed positively more to attitudes 

of students toward physics. 

Results also suggest that there were gender differences when learning with CSs 

within an inquiry-based learning environment. The CSs within an inquiry-based 

learning environment seemed to have had the greatest effect on conceptual knowledge 

for both male and female students. However, not using CSs significantly improve 

female performance on the conceptual knowledge items, as well as males’ 

performance cannot be substantially improved in aspects of conceptual knowledge. 

Additionally, CSs within an inquiry-based learning environment seemed to have had 

the greatest effect on procedural knowledge for both male and female students. 
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However, not using CSs did not significantly improve male and female performance 

on the procedural knowledge items. 

It can be said that the CSs within an inquiry-based learning environment has a 

positive effect on students’ attitudes towards TOSRA subscales. It can be considered 

that the CSs within an inquiry-based learning environment had significantly impacted 

the level of ASI, ESL and CIS. This means that any student, whether male or female 

used CSs within an inquiry-based learning environment, their attitudes are likely 

increase more than those who do not use CSs within an inquiry-based learning 

environment in both ASI and ESL. However, CSs within an inquiry-based learning 

environment did not affect students’ attitudes in both gender regarding CIS. 
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Chapter 5: Discussion and Conclusion 

5.1 Chapter Overview 

Newton's second law of motion may be a vital classical mechanical 

phenomenon that helps students understand the pattern of motion of objects. It is one 

among the historically important topics that the students must learn for the successful 

understanding of the fundamentals of Newtonian mechanics. But the topic of the 

NSLOM is extremely poorly understood by most students and therefore they often are 

unable to answer the questions thereon within the National Certificate physics 

examination. Research suggests that teaching using CSs within an inquiry-based 

learning environment can have benefits on the teaching and learning of NSLOM.  

The aim of this study was to determine the impact of CSs on the UAE students’ 

learning of NSLOM and attitudes toward physics within the context of scientific 

inquiry instruction in two schools in Al Ain city, UAE, and seven research questions 

guided the study.  

To answer the seven questions that guided the study, two groups were 

compared. One, where the teachers were using the traditional face-to-face method of 

teaching as the CGs, and the second group, CSs within an inquiry-based learning 

environment were used, where the students were given the opportunity to manipulate 

the simulations and actively learning with a context of inquiry learning. 

This chapter highlights and discusses the main results of the seven research 

questions in the study considering the results of past research studies, theoretical 

backgrounds, and other relevant research studies. First, the results of the research 
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questions are discussed and presented separately and compared with the results of 

relevant studies in different contexts. Second, a conclusion of the entire research is 

drawn. Third, implementations and recommendations for the fields of physics 

education and research are provided. Finally, future research opportunities are offered 

to fill the research gap locally and beyond. 

5.2 Discussion of Research Question One and Two  

The first research question of this study was " What impact do CSs have on 

student performance in Newton’s second law of motion within an inquiry context?". 

The analysis of the pre-and post-test data showed that there is an impact on the 

performance of the students when they were given the opportunity via manipulation 

of the CSs in the classroom (see section 4.2). The analysis showed that 73% of students 

who answered NSLMAT correctly, provided explanation to their responses with 70% 

of response were correct. This result indicates that CSs have contributed to 

improvement of their knowledge and understanding. When comparing the 

improvement in the mean post-test scores, the CGs showed the lowest improvement. 

The EGs students who were subjected to CSs within an inquiry-based learning 

environment, performed better than the CGs students. The Hake's normalized gain 

which is presented in section 4.2 also revealed the success of the CSs in teaching and 

learning of the NSLOM. The Hake’s normalized score of 0.16 for the CGs suggests 

that the method employed in this group promoted a very little understanding in 

NSLOM or the learning was less effective. However, the Hake’s normalized score of 

0.55 for the EGs suggests that the method employed in this group promoted a 

significant understanding in NSLOM or the learning was more effective. 
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These results revealed that CSs through visualization help to establish 

connection and draw attention to the concepts and details of NSLOM, and therefore, 

students become active participants as they attempt to mimic the reality of the small 

world and include many topics and real relationships in a reference frame (Hirshman 

& Bjork, 1988; Stieff, Bateman & Uttal, 2005). Furthermore, Husain (2010) argues 

that CSs encourage independent, experiential and discovery learning, unlike, students 

interact with the system, change parameters and track their effects accordingly. 

Additionally, these results revealed that the use of CSs as an interactive demonstration 

tool in the classroom for teaching and learning of the NSLOM was effective. EGs 

student’s performance improvement may be attributed to the role of teachers and 

students in this group. The result of the study is in line with the theoretical framework 

that is Constructivism. In the constructivist view, students, learn in accordance with 

their own potential, building knowledge through collaboration and social activities. 

CSs learning environment also gives students the opportunity to learn by building 

knowledge through activities. The constructive principle used by the teachers is 

responsible for the success of this group. In this group, the teacher was a facilitator 

that helped the students to develop their understanding and ability to perform difficult 

tasks in a meaningful environment. The teachers provided the environment and tools 

to help explain the various relationships at NSLOM and this helped the students gain 

their understanding. According to Philips (1997), constructive theory enables students 

to actively participate in the development of knowledge and to take an active part in 

the learning process. In the EGs, students were provided with and guided with more 

authoritative tasks. This allowed teachers to use more reflective methods in different 

lessons.  
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The results of this study are in line with previous studies of CSs effect based 

on a constructivist approach to alleviating confusion in physics learning/teaching, 

including those reported by Ghadiri, Norouzi and Fardanesh (2016), and Vick (2010). 

As CSs make visual modeling more realistic, abstract systems become more concrete, 

or graphic representations of abstract systems (Wibowo et al., 2016). It is well suited 

for reducing complexity through tools such as slow-motion experimental observations 

in the process of hypothesis formation, experimentation, and data interpretation 

(Chang et al., 2008; Posner, Strike, Hewson & Gertzog, 1982), as well as clarifying 

observations (Renken & Nunez, 2013; Coştu et al., 2017). The success students taught 

using CSs within an inquiry-based learning environment is also due to the conceptual 

change approach that was adopted by the teachers to help students sort the information 

based on the information previously gained for later retrieval. In the EGs, the teachers 

used CSs in the context of scientific inquiry, where students are liberated by creating 

ideas in their minds and finding solutions to problems. According to Chang et al. 

(2008), brief interactions such as CSs contribute to the acquisition of knowledge and 

the additional process of conceptual change. 

The data showed that there was a performance gain for the first and second tier 

items. One possible explanation for this phenomenon lies in the procedures used 

during class. The 5E inquiry model that students used in the lesson should helped them 

organize and develop a good understanding. This is when the EGs first started using 

the CSs. Since students were still familiar with the simulator, less effort may have been 

expended in learning physics concepts, which could lead to the significant difference 

in their performance noted. The results of this study are similar to the study by Yuksel, 

Rebello and Bryan (2017), in which their research showed that students who received 
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model-based inquiry instruction increased the complexity of their explanation 

compared to the traditional compute-based instruction group. The results of this study 

are also similar to the study by Sarı, Hassan, Güven and Şen (2017), in which their 

research showed that the 5E teaching model integrated in the CSs has the potential to 

help 11th grade students to improve their physics academic performance. The success 

of the use of CSs in this study confirms the findings of Bayrak (2008), Jimoyiannis 

and Komis, (2001), Holec, Spodniaková Pfefferová and Raganová. (2004), Adesina 

(2013), Bakaç, Kartal and Akbay (2011). The finding is also in line with those of 

Sreelekha (2018) findings that claim the effectiveness of CSs on senior secondary 

school students’ achievements in practical physics in Educational district III, Lagos 

state, Nigeria. Ghadiri, Norouzi and Fardanesh (2016), and Eveline, Jumadi, Wilujeng 

and Kuswanto (2019) confirmed the impact of scaffolding learning through CSs on 

students’ conceptual understanding and academic independence. This supports the role 

of teacher and student is central in the use of various simulations in the classroom, 

especially at the secondary school level. 

In summary, the results of this study showed that CSs within an inquiry-based 

learning environment produced a better performance and retention in students than the 

conventional model of instruction (face-to-face), as a method to help understand 

conceptions that are held by students on NSLOM topics taught. 

To respond to Research Question two, which focused on determining if there 

is a difference in students’ performance in NSLOM between control and treatment 

groups (CSs within an inquiry-based learning environment and face-to-face 

instruction), the effect size of knowledge gaining was calculated to compare the effect 
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of CSs within an inquiry based learning environment on the NSLMAT performance 

of each group. A significant effect was observed in the overall post-test between the 

EGs and CGs. The CSs were more influential in increasing the knowledge of the 

students’ NSLOM contents than the face-to-face instruction. Post-test one-way 

ANOVA was used to determine whether the EGs of the post-test CGs differed 

significantly after the intervention.  A significant effect was observed after the overall 

examination between the EGs and CGs. Paired-sample t-test was conducted to test 

whether there was a significant difference between each of EGs pretest mean, and 

posttest mean scores and CGs pretest mean, and posttest mean scores. It is interesting 

to note that the results showed that CGs instruction had a moderating effect on 

students’ understanding of NSLOM compared with that of EGs. Furthermore, the 

results indicated that face-to-face instruction helped female students better understand 

NSLOM contents, compared to male students. The results also showed that CSs within 

an inquiry-based learning environment had a significant effect on female students and 

male students. These results suggested that CSs within an inquiry-based learning 

environment can help both female and male students gain a better understanding of 

NSLOM topics. 

Results of this research show that students in the EGs performed better than 

students in the CGs. That is, students are doing better using CSs in the context of 

scientific inquiry. A possible explanation for these results is that the students may be 

motivated to better understand the concepts, which may have enabled the students to 

achieve better grades. In particular, CSs within an inquiry-based learning environment 

can produce more results than those taught in face-to-face instruction, which may 

make students more interested in extending the experiment. Through these 
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experiments, students were able to gain a deeper understanding of the basic principles 

of each lesson (Mengistu & Kahsay, 2015; Podolefsky, Perkins & Adams, 2010). The 

positive impact of CSs on students’ performance is likely to have a positive impact on 

students’ attitudes toward physics. In this way, the CSs might have changed students’ 

perceptions of physics, leading to better teaching in physics, which is reflected in their 

achievements. Compared to the CGs, EGs students were more interested in physics, 

enjoyed physics learning more, and more confident in their ability in mathematical 

physics (Bozkurt, & Ilik, 2010; Rutten, Van Joolingen & Van der Veen, 2012; 

Quellmalz, Timms, Silberglitt, & Buckley, 2012; UAEG, 2019). Therefore, CSs can 

be used as an alternative classroom learning tool. This conclusion is important and 

worth further discussion. 

Another possibility is that the EGs showed significantly better performance 

than CGs due to increased student participation. CSs provided tools that make physics 

education more effective. Efficiency is reflected in two aspects. First, learning by CSs 

can save students time in performing complex calculations and manipulations 

(Widiyatmoko, 2018; Wilson, 2016). The students involved in the EGs were also able 

to create different examples in addition to the ones shown due to different graphing 

options that allow the student to retain the main plotting features (Husain, 2010; Stieff, 

Bateman & Uttal, 2005; Stern, Echeverría & Porta, 2017). In CGs, this feature was not 

available in the Graphing Calculator, so students cannot work with other examples. 

Second, CSs enable students to be more organized, store, and process data (Stern, 

Echeverría & Porta, 2017). This gives students more opportunities to communicate 

and interact with each other. For example, students can talk to each other and discuss 

possible solutions and methods. They can advance various assumptions, test these 
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assumptions, and see the results of these tests instantly. In this way, CSs can allow 

students with opportunities to discuss and interact with each other and with content. 

This better interaction can lead to a better understanding of physics.  

It should also be noted that students at CGs, did not have a time to perform a 

proper inquiry process to provide sufficient scaffold. An important principle of 

constructivism, identified by Papert (2020) and Stieff, Bateman and Uttal (2005) is to 

provide students with scaffold and the opportunity to construct, test, and evaluate their 

own learning, to foster meaningful learning and a deeper understanding of knowledge. 

This evaluation could be effectively performed by an EGs teachers who 

are considered to be familiar with inquiry instruction. Therefore, students have the 

opportunity to reflect the results obtained from PhET simulation as needed.  However, 

in CGs, students did not have the opportunity to reflect the results they obtained from 

face-to-face learning as needed. Therefore, in all the physics classes, it is important for 

teachers to encourage this reflection so that students can develop and deepen their 

understanding.  

The results of this study are in line with previous research on the effects of 

CSs, including those reported by Bayrak (2008), Holec, Spodniaková Pfefferová and 

Raganová (2004), Mengistu and Kahsay (2015), Çetin (2018), Sreelekha (2018), and 

Sarı, Hassan, Güven and Şen (2017). The findings of these research studies showed 

that the use of CSs in physics and science education can improve physics outcomes. 

Furthermore, the results of this study also support the results of two meta-analysis 

studies. In the first meta-analysis, 29 experimental studies concluded that CSs 

instruction was more effective than traditional classroom instruction on students’ 
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achievement (Liao & Chen, 2007). In another meta-analysis, Rutten, Van Joolingen, 

and Van der Veen, (2012), who reviewed 510 experimental studies involving CSs, 

concluded that CSs improved learning outcomes and facilitate students’ conceptual 

understanding, CSs can also have a positive effect on students’ satisfaction, 

participation and initiative, and improve their perception of the classroom 

environment. 

Finally, the results of this study showed that using CSs within an inquiry-based 

learning environment made notable contributions to students’ conceptual and 

procedural learning of NSLOM. These results suggested that CSs within an inquiry-

based learning environment can help male and female students better understand 

NSLOM topics. That is, students are doing better using CSs in the context of scientific 

inquiry (Smetana & Bell, 2012; D’Angelo et al., 2014; Srisawasdi & Panjaburee, 2015; 

Abou Faour & Ayoubi, 2017). 

5.3 Discussion of Research Question Three and Four 

To address research question three and four, which focused on comparing 

student performance regarding conceptual and procedural understanding in Newton’s 

second law of motion, between students who studied through CSs within the context 

of scientific inquiry instruction and students who studied through traditional face-to-

face instructions.  

Paired-samples t-test and effect sizes were used to determine if there were any 

significant changes in the performance from pretest to posttest within the scope of the 

conceptual and procedural domains. The effect size indicated that the acquisition of 
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CSs within an inquiry-based learning environment made a significant difference on 

the conceptual understanding of the NSLOM compared to the students in face-to-face 

instruction. Moreover, there is a significant difference between the EG’s pretest and 

posttest scores. Overall, the results showed that students who learned about NSLOM 

in CSs within an inquiry-based learning environment had a better conceptual 

understanding of NSLOM than students who used face-to-face instruction (t (44) = -

12.4, p < 0.05). Paired sample t-test and the effect sizes also suggest that both male 

and female students benefited more from CSs within an inquiry-based learning 

environment in the NSLOM conceptual domain. This because CSs provide an 

engaging and interactive visual environment that enhances and supports conceptual 

and procedural understanding. Students can manipulate the parameters and use the 

results of the manipulation to construct new meanings in constructive ways. By 

enabling students to build relationships and connections between ideas and concepts, 

building this new knowledge can improve grades and strengthen understanding of 

concepts (Wieman, Adams, Loeblein & Perkins, 2010; Couch, 2014). According to 

Holec, Spodniaková Pfefferová & Raganová (2004), CSs can communicate dynamic 

information more accurately than diagrams and help students observe different 

phenomena. CSs allows students to see things that are usually too fast, too slow, or 

hidden. 

 Similarly, the effect size suggests that CSs within an inquiry-based learning 

environment made the biggest difference in NSLOM students’ understanding of 

procedures compared to face-to-face instruction. Furthermore, there is a significant 

difference between the pre and post test scores for the EGs. Overall, the results 

indicated that students who learned NSLOM with CSs gained a better procedural 
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understanding of NSLOM compared to students who used face-to-face instruction (t 

(44) = -3.86, p < 0.05). Paired sample t-test and effect sizes also suggest that both male 

and female students benefited more from CSs within an inquiry-based learning 

environment in the NSLOM procedural domain. This is because CSs provides learners 

with a realistic experience through which knowledge can be acquired and manipulated 

to better understand the relationship between the concepts studied. The results of the 

study are in line with the theoretical framework that is conceptual change approach. 

As, CSs provide a rich environment that eliminate distractors and constrain learning 

to relevant evidence through tools such as slow-motion experimental observations in 

the process of hypothesis formation, experimentation, and data interpretation. CSs can 

combine animation, visualization, and interactive laboratory experience 

(Widiyatmoko, 2018). Moreover, NGSS (2013) claimed that engaging in the scientific 

practice helps students understand the development of scientific knowledge. This 

direct participation provides them an understanding of the many methods used to 

explore, model, and interpret the world.  

This study shows that male students improved more in their conceptual 

understanding than female students through the use of CSs. While female students 

were initially lagging in their conceptual understanding, the use of CSs helped them to 

catch up with their male counterparts. However, when it comes to procedural 

understanding, the support by CSs is less helpful. High effect sizes of improvements 

were reported for both gender in conceptual understanding. With procedural 

understanding, considerably lower and medium effect sizes were reported for female 

and male students, respectively. One reason might be biological differences such as 

quantitative skills and spatial visualization (Kahle,1994). This gender gap may be 
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related to students’ confidence (OECD, 2015b). When students are more confident, 

they give themselves the freedom to fail and engage in the trial and error 

that is fundamental to the acquisition of science / physics knowledge. A closer look at 

females’ performance in science shows that females still lag behind males in their 

ability to “think like scientists” (OECD, 2015b). For example, females tend to lag 

behind males in academic performance when asked to mathematically formulate a 

situation and translate a word problem into a mathematical expression. According to 

the OECD (2015b), females are generally less self-efficacious in science than males. 

However, recent trends in international competition studies such as PISA and TIMSS 

showed different results and the gender gap depends greatly on the type of problem or 

situation males and females face. For example, males were more likely than females 

to feel confident that they would be able to discuss how new evidence can lead to a 

change of understanding about the possibility of life on Mars. However, females 

reported being more confident than males in describing the role of antibiotics in 

treating disease. Cultural beliefs can make females less confident than males because 

science is believed to be included in male-type tasks (Gokhale, Rabe-Hemp, Woeste 

& Machina, 2015). Finally, tackling underperformance among males requires first 

examining some of the differences in how males and females spend their time, both in 

school and after school, and in their behavior and attitudes towards their teachers 

(OECD, 2015b). For example, males are more likely than females to spend time on 

computers and the Internet, males are less likely than females to read outside of school 

for enjoyment, and males are more likely than females to play chess and program 

computers. Moreover, there are large differences in the extent to which males and 
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females use a computer at school to play simulation games, according to the students’ 

reports, this activity is not common for females (OECD, 2015b). 

 The results of this study are consistent with previous research on the effects of 

CSs on student performance in physics, including those reported by Finkelstein et al. 

(2005a), Zacharia and Anderson (2003), Hazelton, Shaffer and Heron (2013), 

Finkelstein, Perkins, Adams Kohl and Podolefsky (2005b), Abou Faour and Ayoubi, 

(2017), and Sreelekha (2018). Their research suggested that CSs can improve 

conceptual understanding and promote students’ physics learning. The results of this 

study also support the findings of Adam, Lutfiyah, Mubarok and Suprapto (2020), 

Jimoyiannis and Komis (2001), and Nestel, Groom, Eikeland-Husebø and O'Donnell 

(2011), their research suggested that CSs can improve procedural understanding and 

help students overcome cognitive limitations. In a meta-analysis, 50 empirical studies 

and 61 consecutive primary studies have concluded that animation is generally 

beneficial for learning compared to static graphics displays (Berney & Bétrancourt, 

2016). The results showed that the students in the EGs performed better than CGs 

students. In other words, the students performed better in using CSs; Therefore, CSs 

can be used as an alternative classroom teaching tool. This finding is important and 

deserves further examination. First, this study found that the CSs within an inquiry-

based learning environment improved students’ conceptual and procedural 

understanding of NSLOM. The results of this study are similar to those of Kollöffel 

and De Jong (2013), in which their research showed a significant gain in achievement 

scores in conceptual and procedural understanding involving 56 students in 

intermediate level vocational engineering training participated. Their results indicated 

that CSs may encourage students to perform well in conceptual and procedural 
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domains and allow them to perform well in assessments. More specifically, the use of 

CSs allows students to be more interested in developing their experiences, as CSs can 

provide students with learning environments in which students search for meaning, 

appreciate uncertainty, and acquire responsibility (Akpan, 1998). 

Second, another possibility is that the EGs had a significantly higher success 

proportion than CGs, which may be due to the increasing level of student engagement. 

CSs has provided tools to make NSLOM learning more engagement and effective. 

Engagement and efficiency are reflected in two aspects. First, as mentioned previously 

that learning with CSs saves students time in performing complex calculations and 

tasks. The students in the EGs were also able to demonstrate different examples. For 

example, students were requested to test their predictions using PhET interactive 

simulation. When students tested their hypotheses using PhET simulation, dynamic 

animations, images, charts, tables displayed in the computer interface, and printed 

words on textbooks helped to scaffold students’ understanding. It is plausible that 

multiple representations in PhET simulations helped students understand concepts 

through the visual image channels. Second, CSs make it easier for students to organize, 

store, and manipulate their data. This has increased the opportunities for students to 

engage and interact with each other. For example, when students work in groups, they 

can talk to each other and discuss possible solutions and methods and they become 

engaged, they can make different hypotheses, test these hypotheses, and get the results 

of these tests immediately. Therefore, CSs can provide learning opportunities for 

students to communicate and interact more with each other and with the content. Such 

better interactions can lead to a better understanding of conceptual and procedural 

knowledge. 
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Third, another possibility of achieving significant performance in EGs 

compared to CGs may be attributed to the use of CSs within an inquiry-based learning 

environment, since teaching using inquiry instruction provided different activities to 

support students’ acquisition and integration of NSLOM concepts.  

Fourth, this study showed that CSs had a positive effect on student attitudes. 

The positive effect of CSs on students’ conceptual and procedural performance can 

bring about a positive change in students’ attitudes towards physics. That is, the CSs 

has changed students’ attitudes toward physics as will be described later, which may 

lead to improved conceptual and procedural learning, which is reflected in their 

academic performance. Compared to CGs, students in EGs were more interested in 

physics, enjoyed more physics learning, were more confident in their physics with 

CSs, and appreciated physics more. These may have reduced phobias students may 

have about physics. Too often, these phobias leave students with the attitudes that they 

may not be able to succeed (Suárez-Pellicioni, Núñez-Peña, & Colomé, 2016). This 

lack of success in turn may lead to weak grades and a negative attitude. Through the 

positive experience of using CSs in this study, students’ phobias can be reduced, and 

they can feel more confident, which can lead to improve their academic performance 

(Panoutsopoulos & Sampson, 2012). 

Finally, CSs can provide meaningful and useful approaches to teachers. 

Teachers often express concern that they do not have time to find tools to help with 

learning (Swars, & Chestnutt, 2016). Lack of time often leads to boring and dual 

lessons. In this study, the remarkable results provide teachers with a teaching method 

that can improve academic performance, as well as promote a positive environment 
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that allows students to develop a positive attitude towards physics. Physics teachers 

not only strive for excellence in physics, but they also want their students to adopt a 

more positive attitude that goes beyond the physics class. Therefore, CSs is important 

for physics teachers because it helps students to adopt a more positive attitude towards 

physics. 

5.4 Discussion of Research Question Five and Six 

In an attempt to answer the five and the six research questions focusing on 

attitudes toward physics, students completed the three scales adopted from TOSRA 

survey in this study. The survey measured attitudes in physics to determine if there is 

an increase in attitudes toward scientific inquiry, the enjoyment of science lessons, and 

a career interest in science. An independent sample t-test was conducted to determine 

if there was a significant difference between the mean of the two groups of students. 

The effect size was calculated to compare the effect of CSs on students’ attitudes 

toward physics in each group. Significant MANOVA results were followed up with 

univariate ANOVA on each dependent measure separately to determine the locus of 

the statistically significant multivariate main effect of groups and gender on 

differences in attitude towards physics among attitude to scientific inquiry, enjoyment 

of science lessons, and career interest in science.  

Students’ attitudes play an important role in physics education. The 

development of students’ negative attitude towards physics is one of the major reasons 

why students have difficulty in learning physics. Therefore, it is very important that 

the methods of physics teaching develop a positive attitude and encourage students to 

learn (Sarı, Hassan, Güven, & Şen, 2017; Oymak & Ogan-Bekiroglu, 2017). 
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According to the results of the TOSRA posttest scale, there are significant differences 

between the two groups in terms of scale factors. It was found that there were 

significant differences between the EGs and CGs in attitudes toward scientific inquiry, 

the enjoyment of science lessons, and a career interest in science. It can be noted that 

due to the personal interaction of the students, the attitude towards scientific inquiry, 

the enjoyment of science lessons, and a career interest in science in the EGs is 

noticeable. In this case, it can be said that CSs has a positive effect on students’ 

attitudes towards learning physics. Similarly, the adoption of CSs has the most 

significant effect on improving the attitude of male and female students towards 

physics. This is because CSs can be performed by providing simplified models of 

phenomena and encouraging students to observe, discover, reconstruct, and receive 

immediate feedback about objects, events, and processes. Through CSs, students can 

change variables and track the results to produce scientific results. CSs can also 

provide capabilities to visualize hazardous, time-consuming or complex events for 

classroom or laboratory interactions (McDonald, 2016); Widiyatmoko, 2018; Blake & 

Scanlon 2007; Couch, 2014). 

This study showed a higher gain in attitudes among students who use CSs than 

among students who do not use CSs. In this study, there was a significant increase in 

attitudes toward physics was found through the use of CSs. Research has shown that 

higher attitudes in physics can contribute to higher performance in physics (Kattayat, 

Josey & Asha, 2016; Sari, Pektaş, Çelik & Kirindi, 2019). Students with low attitudes 

may avoid physics-related situations. Those students with high levels of or positive 

attitudes may have a greater chance of overcoming negative situations in physics (Sari, 

Pektaş, Çelik & Kirindi, 2019; Sarı, Hassan, Güven & Şen, 2017; Oymak & Ogan-
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Bekiroglu, 2017). In this study, CSs had a positive impact on students’ attitudes, which 

may encourage students to have an additional desire to study more about physics. 

On the other hand, methods such as face-to-face classroom instruction do not 

motivate the student to perform. In this study, the use of CSs showed that students are 

highly motivated to learn.  Findings by Kattayat, Josey and Asha (2016), Sari, Pektaş, 

Çelik and Kirindi (2019), Sarı, Hassan, Güven and Şen (2017), Oymak and Ogan-

Bekiroglu (2017), who found that when CSs approach was embedded in the 

instruction, the students became better learners and their attitudes increased towards 

physics. An increase in attitudes can lead to a more positive environment for students 

and teachers. This positive environment will enable students to pursue learning in a 

variety of fields. This current study also confirmed the results of Kattayat, Josey and 

Asha (2016), which showed that there is a positive and significant relationship between 

the physical achievement of adolescent students exposed to CSs assisted instruction 

and their attitude towards Physics. Through the use of CSs, students can design 

situations through their learning processes and speeds, which gives students greater 

success and accountability. This accountability and success provide teachers with 

resources to help motivate students.  

The results of the study are in line with the theoretical framework that is 

information process theory, as learning takes place, information is entered from the 

environment, processed, stored in memory, and released in the form of educational 

capabilities. CSs provide an ideal environment to promote student’s attention and 

awareness of the information received. 
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Researchers such as Finkelstein et al, (2005b) and Pyatt and Sims (2012) have 

suggested that the use of internet-based tools such as CSs may lead to a more 

successful learning environment that surpasses traditional approaches. Burton, Kijai 

and Sargeant (2005), suggested that it is imperative to provide students with more 

information about physics / science subjects and its future use, which will stimulate 

further interest in physics and science. 

Attitude towards scientific inquiry 

Vick (2010) mentioned that using PhET simulations in an inquiry-based 

context, helps students visualize the invisible world of electrons and dispel the 

misconception that electrons are used up in a circuit. In addition, Fan, Geelan, and 

Gillies (2018), have demonstrated that a combination of interactive simulations and 

inquiry-based learning can enhance the development of students’ conceptual 

understanding, inquiry process skills, and confidence in learning. As a result, it can be 

said that the CSs within an inquiry-based learning environment has positively 

influenced the attitude of the students towards scientific inquiry. This finding is 

consistent with a study by Abdullah and Shariff (2008) who reported that inquiry-

based CSs with heterogeneous-ability cooperative learning method is effective in 

enhancing scientific reasoning and conceptual understanding for students of all 

reasoning abilities. This finding is also consistent with the previous research by Sari, 

Pektaş, Çelik and Kirindi (2019), who concluded that computer-based laboratory and 

virtual laboratory applications have a positive effect on students’ attitudes toward 

physics and motivations. 
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The current study showed that there was a significant difference between 

student groups in terms of (experimental and control) attitudes toward scientific 

inquiry, F (1, 49.900) = 49.900, p = 0.000, partial η2 = 0.748. Students’ attitudes 

increased due to the significant effect of CSs. Studies have shown that the use of CSs 

within an inquiry-based learning environment in comparison to face-to-face 

instruction yields incomparable results in improving students’ attitudes, scientific 

knowledge, and performance (Kattayat, Josey & Asha, 2016; Bakaç, Kartal, & Akbay, 

2011). The results showed that CSs within an inquiry-based learning environment has 

a positive effect on students’ physics attitudes in a simulation-based inquiry-learning 

environment. The study has shown that CSs within an inquiry-based learning 

environment could provide benefits such as increasing interest in class and increasing 

self-confidence. Cairns and Areepattamannil (2019), conducted a study that used 

three-level Hierarchical Linear Modeling (HLM) as an analysis strategy to determine 

the relationship between inquiry-based science teaching, scientific achievement, and 

personality. Of the 170,474 15-year-old from 4,780 schools in 54 countries, all are 

interested in science. The results of the HLM analysis showed that inquiry-based 

science education is very important. It is highly positively related to interest and joy 

in learning science, effective scientific motives for the future, scientific self-esteem, 

and self-efficacy. This finding is in line with a study by Yuksel, Rebello and Bryan 

(2017), who reported that students’ sophistication of their explanations was enhanced 

when students took model-based inquiry instruction compared to the traditional 

computer-based instruction. 

In this study, CSs within an inquiry-based learning environment was carried 

out through the inquiry learning strategy. In inquiry learning, students often conduct 
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processes such as making observations, creating research questions, designing 

hypotheses, designing and executing experiments to test hypotheses, creating and 

interpreting data, creating models, communicating, and prediction (Pedaste et al., 

2015). CSs within an inquiry-based learning environment was carried out within the 

framework of the five-step inquiry cycle proposed by Hsiao, Hong, Chen, Lu & Chen 

(2017). During the engagement phase of this cycle, teachers use learning activities to 

foster student curiosity and activate the prior knowledge needed to learn new topics. 

During the exploration phase, students have done the necessary research to develop 

possible solutions based on students’ experiences in the engagement. In this context, 

they have hypothesized to solve the problem and to test their hypotheses, they have 

designed and conducted a virtual experiment using CSs. Thus, CSs provided a link 

between the solution of the actual problem and the discovery. Students used CSs to 

develop models to solve problems and try to find the best solution. In other words, CSs 

have been used in the elaboration phase of scientific inquiry, in order to provide the 

necessary research and solution to solve new problems. In this study, the student’s 

ability to design and perform virtual experiments using CSs shows that these 

simulations are effective in developing their scientific inquiry skills. For example, 

Huppert, Lomask and Lazarowitz (2002) found that CSs have a positive impact on the 

development of scientific process skills such as measurement, classification, graphical 

interpretation, data interpretation, variable control, and model design. Bell, Urhahne, 

Schanze and Ploetzner (2010) emphasize that students can make hypotheses and test 

using CSs more easily and quickly. 

Nevertheless, the study showed that there was no significant difference among 

students’ gender in their scores of the two groups on attitude to scientific inquiry, it 
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was found that the students’ personal interest and confidence in scientific inquiry was 

independent of their gender. All students, regardless of their gender, were equally 

receptive to gains in interest and confidence. The findings suggest that experiential 

learning in the form of CSs within an inquiry-based learning environment can 

contribute to increasing students’ confidence and self-efficacy in scientific inquiry and 

can potentially increase students’ interest in physics. Students with experience in 

scientific inquiry can add to the perception that they are qualified to do research 

(Robnett, Chemers & Zurbriggen, 2015). 

Enjoyment of physics lessons 

In the present study, the students’ attitudes as measured by the level of 

enjoyment of physics lessons, was examined. The results indicated a significant effect 

in post-survey results between learning of CSs within an inquiry-based learning 

environment and face-to-face instruction environments. The study showed that there 

is a significant difference between student groups (experimental and control) regarding 

their scores on attitude to enjoyment of science lessons, F (1, 49.767) = 49.767, p = 

0.000, partial η2 = 0.785. The EGs had a greater increase in enjoyment in the 

classroom. Similar to the results in this study, Quinn and Lyons (2011) and Osborne 

and Collins (2001) found that students in Australia enjoying studying science. It seems 

that there is a considerable interest in shaping a student’ s attitude towards science. 

These studies have found that enjoyment in science is highly correlated with 

continuation in physics and reveal large gender differences in such enjoyment. School 

enjoyment and interest in lessons is strongly enhanced by student sense of autonomy 

– including being able to work at their own pace, discussing issues with staff and other 
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students, and encouraging them to make up their own minds about issues raised 

(Gorard & See, 2011). Gorard and See (2011) suggested that greater enjoyment of 

learning may be associated with greater student engagement and thus better education. 

Enjoyment could enhance attendance and inclusion at school, and lead to higher 

participation in education and training following school. It is part of building a 

student’s lifelong identity, welcoming and finding opportunities for later learning. 

Students enjoy physics lessons because the delivery and activities of CSs approach are 

diverse (Gorard & See, 2011). CSs have great potential to improve students’ learning 

as it can individualize learning to match student’s pace, interests, and capabilities of 

each student and contextualize learning in engaging environments, as well as the 

increased use of CSs in science classrooms can potentially improve access to high-

quality learning experiences for students in diverse context (Council, 2011, p.67). It 

was found that students in EGs found the physics lessons important and fun because it 

included examples of everyday life and that their knowledge about physics, they had 

learned in class was permanent. In the study of Gorard and See (2011), it was striking 

to find that a remarkable number of male and female students found the material 

included in science lessons interesting and fun. 

In addition, this study investigated whether the male and female students 

enjoyed physics lessons. Results showed that the two groups had a significant 

difference between male and female students in their scores on enjoyment of science 

lessons, F (1, 1.022) = 1.022, p = 0.013, partial η2 = 0.070. Female reported it to be 

significantly higher (M = 4.23, SD = 0.30) than male (M = 4.25, SD = 0.38). In support 

of Elwood and Carlisle (2003), the type of study has been shown to have significant 

effects on males’ and females’ enjoyment and motivation in learning physics. In this 
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study, girls were significantly more positive in their perceptions about how CSs helped 

them learn physics; and in how much they expected and enjoyed in their physics 

lessons. Therefore, the findings underline how important it is for teachers to teach 

physics in a way that motivates boys and encourages their learning and development. 

 Parallel to the findings related to the enjoyment of studying physics, Stewart 

(1998) investigated the relationship between enjoyment and participation in physics 

and concluded that enjoyment of physics is more significant for girls than for boys as 

a reason for choosing it. Compared to 40% of girls taking Physics at A-Level made 

physics their favorite subject in GCSE, compared to 21% of boys. CSs within an 

inquiry-based learning environment improves the scientific discovery of students, 

which can be applied to the design of lessons materials, as students are committed to 

engaging in fun activities to explore and learn on their own. 

As a part of their study of gender differences in examinations 18 year-old and 

above, Elwood and Carlisle (2003) surveyed 247 students from years 12 and 13 in 

England about their attitudes towards various aspects of the A-level physics syllabus. 

The study found that: Most of the students reported high levels of confidence and 

enjoyment; The female students’ enjoyment of the subject was significantly higher 

than their male colleagues. In a study of 247 students aged 16 or 17 who chose A-level 

physics, girls had higher levels of physics enjoyment than boys, but all students had 

higher levels of confidence, motivation, and enjoyment, and They felt that the subject 

was socially relevant (Elwood and Comber, 1996). Because of CSs potential, students 

can understand abstract concepts in a more tangible way and interact with phenomena 

normally not accessible in a traditional classroom. CSs can provide students with the 
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opportunity to practice decision-making in an environment that is both realistic and 

safe, and CSs can provide students with experience before actual activities. 

Contrary to this result, the relevant literature found that there were differences 

between female and male students’ perceptions of enjoyment in physics courses in 

favor of the male students (Kost, Pollock & Finkelstein, 2009). Reid (2003) showed 

that girls are much less likely to enjoy physical lessons than boys and are more likely 

to be bored, feeling unable to discuss or experiment with ideas. They do not pay 

attention in class and find the physics lessons less interesting and less confident.  Seba, 

Ndunguru and Mkoma (2013) studied the attitudes of secondary school students 

towards physics and chemistry at selected schools in Tarimi-Mara, Tanzania. The 

study included 300 male and female students in private and public secondary schools. 

The data was collected using a reliable questionnaire. It was found that female students 

showed a negative attitude toward physics and chemistry compared to boys. Negative 

attitudes of female students are associated with lack of self-confidence, anxiety, and 

inadequate enjoyment of physics and chemistry.  

Finally, students’ attitudes toward physics lessons are more closely related to 

their intention to participate in discussing ideas, doing experiments, and knowing how 

well they are doing in physics. It is important to make physics an enjoyable subject for 

all students, whether or not they intend to pursue the subject after school. 

Career interest in physics/science 

With regard to career interest in physics/science, the current study showed that 

there is a significant difference between the student groups (experimental and control) 
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in terms of their scores on career interest in physics/science, F (1, 43.99) = 43.99, p = 

0.000, partial η2 = 0.797. Students in the EGs scored significantly higher mean score 

(Mean = 4.26, SD = 0.29) than students in the CGs (M = 2.85, SD = 0.43). It was found 

that most of the students believed the CSs within an inquiry-based learning 

environment increased their interest in career related to physics/science. In this study, 

a positive attitude towards a career in science/physics may be due to their use of CSs 

when designing something and recognizing that the knowledge they possess are useful. 

As a result, it increases students’ understanding and autonomy in society (Hidayati et 

al., 2017). 

The importance of a career in physics/science is very valuable for students to 

participate in scientific improvements that will be useful to them and their country. 

Someone who has interests, skills, and confidence in a particular field will tend to have 

the desire to pursue a career in that field (Astalini, Kurniawan, Perdana & Kurniawan, 

2019). The results suggested that CSs increase students’ interest in career related to 

physics/science. CSs are a very suitable approach to physics as they help students 

develop skills and confidence to find solutions to real-life problems. CSs can be used 

effectively to study phenomena that are difficult to test in a classroom or laboratory 

environment because these phenomena are very complex, difficult, or technically 

dangerous, expensive, time-consuming, or very fast (Jimoyiannis & Komis, 2001; 

Hannel & Cuevas, 2018; Wieman, Adams, Loeblein & Perkins, 2010; Council, 2011). 

The students feel that CSs enables them to learn permanently, reify, and to relate to 

the daily life. In addition, students find CSs enjoyable, and they develop their attitudes 

towards physics by experimenting with physics to solve this problem. A large amount 

of research reporting that CSs within an inquiry-based learning environment enhances 
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students’ career interest in physics/science. Putra, Lumbantoruan and Samosir (2019) 

believe that if students spend time and are happy studying physics, they may decide to 

maintain their flexibility and pursue a career in physics. Although interest and 

enjoyment in physics are important constructs, they are not a sufficient reason for 

students to decide whether or not to continue studying physics (Elwood & Carlisle, 

2003). 

Interest in the profession of physics/science cannot be separated from an 

individual’s determination to enter this field as a future career option. Students’ 

interest in pursuing a career in physics/science is influenced by their learning outcomes 

and attitudes, as their interest and positive attitude in the field will stimulates their 

interest in physics as a future career consideration. Sadler, Sonnert, Hazari and Tai 

(2012) found that preschool activities are very important in increasing students’ 

interest in science, technology, engineering, and mathematics careers, since students’ 

interest in high school is stable. Students have a relatively high interest in physics / 

science related careers, possibly because they have considered family perspectives. 

According to a Turkish survey, one of the five parents expect their child to become a 

doctor in the future. Engaging in the life sciences, especially as a doctor in the medical 

field, is popular not only for students but also for families (Yerdelen, Kahraman & 

Taş, 2016). Elwood and Carlisle (2003) contended that girls value social programs 

more than boys and hope that they will have more social importance in physics lessons, 

which may be linked to higher employment rates for girls and retention in physics 

courses that focus on practical applications. In last five years in the United States, for 

example, the number of women representing science has also increased exponentially 

(Miller & Wai, 2015). For example, from 1960 to 2013, among scientists working in 
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the United States, the percentage of women in the biological sciences increased from 

28% to 49%, the percentage in chemistry increased from 8% to 35%, and the 

percentage in physics and astronomy increased from 3% to 11% (Hill, Corbett, & St. 

Rose, 2010). 

Additionally, there is a significant difference between the gender of male and 

female in terms of professional interest in physics/science, F (1, .845) = .845, p = 

0.013, partial η2 = 0.070. Female’s scores (M = 4.35, SD = 0.23) were significantly 

higher than male students (M = 4.19, SD = 0.32). The results of the study showed that 

compared to females, males are less interested in a physics/science related career, feel 

bored and lose attention in class, and find physics less interesting. This result concurs 

with the literature. For example, Miller and Wai (2015) found that high school students 

believe that scientists are isolated, have little time for social activities and that 

scientists’ work has nothing to do with social problems. Although the students believe 

that physics is linked to their future profession, male students are not intended to 

continue their higher studies in the field (Elwood & Carlisle, 2003). There is evidence 

that girls are more likely to choose physics/science as a career option if they get to 

know others who promote them with regards to science, and girls themselves define 

that they are able to participate in scientific work because of their relationships with 

others (Baker & Leary, 1995). Miller, Blessing and Schwartz (2006) suggested that 

high school students are associated with positive attitudes while enjoying and taking 

an interest in science. In addition, the study also found that male students are not 

interested in a physics career and believe that physics subjects are difficult and need 

more time to study. Therefore, it is recommended that students be encouraged and 

motivated by providing them a supportive environment and learning materials. Aside 
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from the fact that students dislike physics from the beginning, they also point out that 

a career in physics/science require a better understanding of career physics/science and 

being a scientist will be boring because they are often spending time in the laboratory 

(Sukarni, Jannah, Qoriyana & Zain, 2020). 

The result of this study showed inconsistence with Seba, Ndunguru and 

Mkoma (2013) who indicated that the differences in the attitudes of boys and girls 

towards scientific subjects lead to the lowest number of women in the sciences 

profession compared to men. A meta-analysis study by Miller, Nolla, Eagly and Uttal 

(2018) found that children relate science to men. These results may indicate that 

although women’s representation in science has increased over time, children notice 

men more than women in their environment. In his study of Scottish schools, Reid 

(2003) found that twice as many boys had a positive attitude toward physics as girls, 

and it was students who expressed an interest in studying physics after the age of 16 

because of its usefulness for future careers and other aspects of their lives. 

 It is clear that the gender patterns taken up after the age of 16 are at least partly 

due to the different psychological characteristics of boys and girls (Sandika & 

Fitrihidajati, 2018). For example, boys were found to be more purposeful, dominant, 

independent, and competitive, while girls were more socially responsible, cooperative, 

and person orientated (Sandika & Fitrihidajati, 2018). Studies showed that early 

scientific experience will influence physics/science career choices and show that boys 

and girls have very different experiences, while boys prefer science-type outings, 

encouragement, and hands-on experiences (Baker & Leary, 1995; Miller, Blessing & 

Schwartz, 2006; Christidou, 2006). Numerous findings regarding gender differences 
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in students’ choices and perceptions of science subjects show that girls prefer and 

choose the biological sciences, whereas boys like and choose the physical sciences 

(Christidou, 2006; Miller, Blessing & Schwartz, 2006). Contrary to this view, 

Skryabina (2000) stated that if the content of physics lessons reflects the interests of 

girls, then physics may be more attractive to girls. Therefore, teachers need to know 

the attitudes of students during the learning process, because keeping this in mind, the 

teacher can improve design of learning in the classroom about the abilities the students 

have (Astalini, Kurniawan, Perdana & Phatoni, 2019). 

The reason for less interest in pursuing a career in science or physics is usually 

the experience of failing to learn science in school. This is because, in most cases, 

science education does not attract students’ interest by providing content that is 

irrelevant to their everyday context (Astalini, Kurniawan, Kurniawan & Anggraini, 

2019). As such, CSs can combine animation, visualization, and interactive laboratory 

experiences that provide an engaging, interactive visual environment that enhances, 

and supports conceptual understanding. Students can manipulate the parameters and 

use the results in creative methods to construct new meanings (Wieman, Adams, 

Loeblein & Perkins, 2010; Couch, 2014). According to McDonald (2016) and 

Widiyatmoko (2018), CSs provide opportunities to imagine risky, time-consuming, or 

complicated events for interaction in the classroom or the laboratory. CSs can be 

achieved by providing dynamic theoretical models simplified models of events, or 

processes, and encouraging students to observe, discover, reconstruct, and quickly 

obtain feedback on objects, events, and processes. 
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At the context of the present study, the impact of the decrease in the number of 

boys studying science and physics could be attributed to the lack of scientifically 

educated men in the UAE. Reduction of scientifically trained employees has a negative 

impact on the national economy (Hill, Corbett & St Rose, 2010). Undoubtedly, this 

could lead to a shortage of key skills and knowledge, including a lack of skills and 

knowledge for future teachers who may not have the qualifications and background to 

nurture the next generation of students, particularly in the physics. 

5.5 Conclusion 

This study aimed at exploring the impact of CSs on grade 11 UAE students’ 

learning of Newton’s second law of motion and attitudes toward physics within the 

context of scientific inquiry instruction. To achieve the goal of the study, seven 

research questions were addressed to identify these effects. Mean scores and standard 

deviations were used to compare conceptual and procedural understanding scores 

differences between the EGs and CGs before and after the treatment. An independent 

sample t-test and ANOVA were used to determine the initial comparison of the two 

groups and genders before the intervention. The pre and post test results for the two-

tier test were analyzed, and the percentage of correct answers that students get through 

this test is compared. Hake's normalized gain was calculated to measure the 

effectiveness of CSs within an inquiry-based learning environment in promoting 

conceptual and procedural understanding. The paired-samples t-test and effect sizes 

show that there is a significant difference in the pre and post test scores in the scope of 

conceptual and procedural domains. Additionally, paired sample t-test and effect sizes 

also suggest that both male and female students benefited more from CSs within an 
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inquiry-based learning environment in the conceptual and procedural areas of 

NSLOM.  

This research has shown that the use of CSs can improve the performance of 

physics students, particularly at conceptual and procedural levels. The MANOVA 

results showed that there were significant differences in attitudes as perceived among 

the three subscales for different treatment groups. Likewise, the MANOVA results 

showed that there was a significant difference in attitudes as perceived between the 

three subscales based on the gender of the students. Therefore, the use of CSs may 

likely lead to a positive change in students’ attitudes towards Physics. In this study, a 

student’s attitude towards scientific inquiry, enjoyment of science lessons, and career 

interest in physics/science increased. The results of this study suggest that CSs 

involvement in classrooms offers secondary schools’ other opportunities to improve 

their performance in physics. In this context, the main results have been summarized 

as follows. 

 First, the results are generally expected and partially or fully supported by 

other research studies, and research results are highly relevant, nationally (Tairab & 

Al-Naqbi, 2017; Kassir, 2013; Aoude, 2015) and internationally (Mengistu & Kahsay, 

2015; Sari, Pektaş, Çelik & Kirindi, 2019; Çetin, 2018; Batuyong & Antonio, 2018; 

Psycharis, 2011; Tawil & Dahlan, 2017; Abou Faour & Ayoubi, 2017; Martin, 2013; 

Almeqdadi & Halar, 2017; Alneyadi, 2019).  

Second, this study found that the CSs within an inquiry-based learning 

environment improves students’ conceptual and procedural understanding of NSLOM. 

CSs classes included a variety of activities to help students acquire and integrate 
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physical concepts. In addition, this study has shown that face-to-face instruction 

improves students’ conceptual and procedural understanding, but not as good as CSs 

within an inquiry-based learning environment. The difference between the two 

teaching methods was that the face-to-face instruction encouraged students to follow 

the teacher’s instruction rather than developing the students’ interests. As a result, the 

EGs identified more significant conceptual changes in understanding NSLOM than the 

CGs. In this study, inquiry-based learning with interactive PhET simulations 

successfully led to conceptual learning of students’ in EGs than those in CGs. This 

result is consistent with an increasing number of studies that have shown the 

combination of CSs with the pedagogical framework works for students’ learning 

(Finkelstein et al, 2005b; Zacharia & Anderson, 2003; Jimoyiannis & Komis, 2001; 

Hazelton, Shaffer & Heron, 2013; Bayrak, 2008; Abou Faour & Ayoubi, 2017; 

Mengistu & Kahsay, 2015; Çetin, 2018). The CSs within an inquiry-based learning 

environment provided students with more effective learning opportunities and their 

achievements outperformed face-to-face instruction (Podolefsky, Perkins, & Adams, 

2009; Vick, 2010; Perkins, Moore & Chasteen, 2014; Sari, Pektaş, Çelik & Kirindi, 

2019; Fan, Geelan, & Gillies, 2018). The results showed why the use of PhET 

simulations facilitated conceptual and procedural understanding (Batuyong & 

Antonio, 2018; Tawil & Dahlan, 2017), and that the PhET simulations provided an 

interactive virtual laboratory. The virtual lab supported implementation of 

experiments, particularly those that people cannot carry out in the real world. For 

example, NSLOM simulations created a frictionless setting where students modify 

parameters to test hypotheses.  
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Third, the result of this study challenges claims that gender differences are 

closely related to the science curriculum, favoring boys. In this study, female students 

performed as well as male counterparts. And the performance of female students was 

better than male students in the area of procedural understanding. The results of the 

current study support the assumption that when girls are engaged in the CSs 

environments, they can achieve the same success as boys (Abou Faour & Ayoubi, 

2017; Chang, Chen, Lin, & Sung, 2008; Hazelton, Shaffer & Heron, 2013). Therefore, 

it will be safe to say that gender differences are on its way to decline in the UAE 

context, taking into account these findings and other finding such as TIMSS 2019. 

Fourth, the 11th grade students in EGs showed higher level of positive attitudes 

towards physics than their peers in CGs of the three TOSRA subscales. Since CSs 

within an inquiry based learning environment can effectively introduce young students 

to simple physical science concepts and provide them with opportunities to participate 

in higher-order thinking processes (Falloon, 2019), as well as provide an 

enjoyable learning environment, even on difficult physics topics like Newtonian 

mechanics; increased acceptance of tools and materials for experimentation, and 

increased attention that allows students to enjoy and learn a subject such as physics, 

which many students perceive as difficult (Ulukök, & Sari, 2016). 

Fifth, the highest means of levels of attitudes were found in the average career 

interest in physics/science (M = 4.26) followed by enjoyment of science lessons (M = 

4.24), and attitude to scientific inquiry had the lowest mean score (M = 4.01) in both 

EGs and CGs. However, in terms of group and gender interactions, no significant 

differences were observed in their career interest in science scores. This means that 
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any student, whether male or female used CSs within an inquiry-based learning 

environment their attitudes increased in relation to that of the face-to-face attitude to 

scientific inquiry and enjoyment of science lessons groups. However, CSs within an 

inquiry based learning environment did not affect students’ attitudes towards the career 

interest in science in terms of gender. 

5.6 Implication and Recommendations 

This study employed the NSLMAT and TOSRA survey to assess changes in 

NSLOM conceptual and procedural understanding of grade 11 students using two 

different teaching instruction approaches to determine which instruction would benefit 

students’ learning; it confirmed the effectiveness of the CSs within an inquiry-based 

learning environment on improving students’ conceptual and procedural 

understanding. The study also found that attitudes toward physics increased when 

students taught using CSs within an inquiry-based learning environment. Based on the 

described results of the research, the following are implementation and 

recommendations of the research. 

First, this study has shown that CSs can improve student performance. CSs 

within an inquiry-based learning environment has more effect on physics performance 

than face-to-face instruction. As a result, decision makers and schools should gradually 

move towards CSs integration to improve students’ understanding. 

Second, this study shows how CSs can be useful for teachers. First, teachers 

have an alternative tool, CSs, that can be used to teach students physics. Teachers now 

have a tool to help students learn in the classroom. Second, teachers now have a tool 
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that will enhance students’ confidence in the classroom, boost their attitudes in 

physics, make physics more enjoyable for students, and can enrich students’ 

knowledge, which in turn can be useful for more upper-level physics classes. Finally, 

teachers are challenged by unmotivated students in classrooms. These students are not 

only demotivated by their dislike of physics but also by their potentially poor skills 

(Asikhia, 2010). CSs provided teachers with the opportunity to provide students with 

a tool that not only allows them to enjoy physics, but also improves their physics skills. 

CSs allow teachers to use a tool in classrooms that can help transform a teacher-

centered classroom into a student-centered classroom (Jacobs, Renandya, & Power, 

2016). A student-centered classroom gives the lesson more task-oriented and makes 

the student the center of instruction. These instructional principles are principles that 

should be applied in every classroom today, so that students get the best opportunity 

to build their knowledge. Therefore, the CSs should always work to complement the 

student experience and expand it. 

Third, NSLMAT and TOSRA surveys reported that students who were taught 

using CSs within an inquiry-based learning environment performed better than those 

who taught using face-to-face instruction. Thus, the implication of this is that CSs 

should be integrated in teaching physics to enhance students’ attitudes and improve 

their physics performance. CSs provide students a tool that can take a theoretical 

principle such as NSLOM and apply the principle in different situations with ease. The 

student, in turn, can save the data and apply it to another case. CSs allow students to 

have a greater appreciation of physics through improving their attitudes toward 

physics. 
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Fourth, this study found that CSs achieve a conceptual change for grade 11 

students, where CSs help students organize information based on information 

previously obtained for later retrieval, and through CSs students find topics of physics 

fun and relevant to their life or everyday experience (Wafer, 1996, cited in Lederman 

& Abell, 2014). The learning activity at each stage of 5E is based on the theory of 

conceptual change (Posner et al., 1982). Before a new concept can be adapted, there 

must be some dissatisfaction with the existing concept. The new concept should be 

tested through various training activities, and then be recognized as intelligible, 

plausible, and fruitful (Dole & Sinatra, 1998; Posner, Strike, Hewson & Gertzog, 

1982). For example, during the evaluative forecasting phase, students use PhET 

simulations to test their hypotheses and record data. They have to pre-analyze the data 

and make claims. These instructional activities help students think of the new 

conceptions as intelligible. In the engagement, exploration, and explanation, more 

instructional activities, such as the teachers’ explanation, aim to make students’ 

conceptual understanding plausible. Finally, students’ applications allow them to see 

that the conception as being fruitful. Therefore, it is recommended to teach and train 

students to apply these 5E strategies when learning physics; furthermore, these 

strategies should be integrated into the curriculum and teaching practices as well as, 

the assessment for learning and the assessment of learning.    

Fifth, the results support the constructivist view that knowledge is constructed 

gradually by students and not directly transmitted by teachers. CSs provide an 

engaging and interactive visual environment that enhances and supports conceptual 

understanding. Students can manipulate parameters and use the results of these 

manipulations in constructive methods to build new meanings. By allowing students to 
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form relationships between ideas and concepts, building this new knowledge can 

improve performance and deepen their understanding of concepts (Wieman, Adams, 

Loeblein & Perkins ,2010; Couch, 2014). The study proves that 5E model is election 

as an inquiry tool were used as platform for CSs. For instance, the engagement and 

exploration step comprise the students’ prior conceptions stage. The next steps of 5E 

are designed to help students gain a better conceptual and procedural understanding. 

As a result, more emphasis should be placed on constructivist strategies, as a 

constructivist approach promotes meaningful learning and a deep understanding of 

physical phenomena (Dori & Belcher, 2005, p.246), and provides students the 

opportunity to build, test, and evaluate their own learning (Papert, 2020; Hirshman & 

Bjork, 1988; Stieff, Bateman & Uttal, 2005). In addition, the results support the 

information process perspective that when learning occurs, information is entered from 

the environment, processed, stored in memory and released in the form of educational 

capabilities (McLeod, 2008; Zhou & Brown, 2015). In this way, CSs enables students 

to participate meaningfully in content, like; easily collect data, perform complex 

analysis, and individualized feedback needed for learning (Brown, Hinze & Pellegrino, 

2008). It is also recommended that curricula and learning practices be combined so 

that students can build their knowledge internally, and use it effectively to solve 

problems, support their learning process, and provide some sort of interaction between 

students and programs. 

Sixth, more emphasis should also be placed on CSs within an inquiry-based 

learning environment. It is observed that students in physics classes in the UAE have 

the opportunity to participate in a scientific dialogue, where students can interpret and 

defend their thinking. This engagement improves students’ confidence in learning 
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when using computer-based learning resources. One explanation for the increased 

confidence in EGs came from the use of PhET simulations. As shown by Blum, 

Borglund and Parcells (2010). They found that the use of CSs can increase students’ 

confidence, since CSs provide the opportunity to conduct experiments. Similarly, 

Lundberg (2008) stated that when students engage in PhET simulations, immediate 

feedback and appropriate testing opportunities increase student confidence. 

Additionally, Bunker (1991) found that students’ confidence can be increased if they 

challenge the results of others. In this study, CSs within an inquiry-based learning 

environment encourages students not only engage in the investigative activities, but 

also engage in discussion and argumentation. For example, the final phase of the 5E 

strategy involves student presentations. It encourages students to share their ideas, and 

other students to challenge the results by using the style of scientific ideas. The study 

also found that in CSs within an inquiry-based learning environment, confidence 

learning plays an important role in conceptual and procedural learning. Thus, this study 

encourages physics teachers to use PhET simulations in their future teaching. 

However, it should be noted that interactive CSs do not replace the role of teachers or 

traditional experimental laboratories. It should be used as a useful reserve tool by 

teachers to improve student’s outcome. 

5.7 Future Research Opportunities   

Based on the results, further research should explore ways to take full 

advantage of CSs within an inquiry-based learning environment, such as the 5E 

strategies, to achieve conceptual and procedural understanding of students at different 

educational levels. There should be a focus on the process of the inquiry-based 
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approach and its role in adapting the conceptual and procedural structure of students. 

The use of scientific discourse and CSs in inquiry-based learning is also deserves 

further investigation.  

Additionally, studies using more students in multiple international contexts are 

needed to better understand educational offerings, which combine inquiry-bases 

pedagogy and interactive computer-based simulations.  

Finally, the current study found a relationship between conceptual knowledge, 

procedural knowledge, inquiry- based learning, attitudes toward physics, and CSs. 

However, further research is needed to investigate how these relationships work in the 

context of physics. Visionaries of the 20th century, mastering the dynamic processes 

underlying the acquisition and manipulation of knowledge is the critical strength of 

the 21st century. Our formal education systems do not seek to develop these 

capabilities, but rather people of all ages develop them through a variety of digital 

mediation mechanisms (Galarneau & Zibit, 2007). CSs within an inquiry-based 

learning environment might be effective for developing students’ critical thinking 

skills and developing 21st century skills. Given a number of studies support the 

positive effects of CSs on learning, researchers are looking to explore how CSs could 

influence the development of these much need skills in schools. Moreover, the results 

need to be treated with the appropriate caution. In the long-term future, similar studies 

will provide further insights into the interpretation of this study. Future research is also 

needed to provide a holistic view of NSLOM topic by expanding the sample to include 

other classes and other stages of education, including stages of primary and higher 

education in private and public schools.   



213 

 

 

 

 

 

 

References 

 

Abdallah, L. N. (2018). Impact of Combined Explicit Reflective Nature of Science and 

Inquiry-based Instruction on Middle and High School Students’ Conceptions 

of the Nature of Science (Doctoral dissertation, The British University in Dubai 

(BUiD)). 

Abdullah, S., & Shariff, A. (2008). The effects of inquiry-based computer simulation 

with cooperative learning on scientific thinking and conceptual understanding 

of gas laws. Eurasia Journal of Mathematics, Science and Technology 

Education, 4(4), 387-398. 

Abdi, A. (2014). The Effect of Inquiry-Based Learning Method on Students’ 

Academic Achievement in Science Course. Universal Journal Of Educational 

Research, 2(1), 37-41. 

Abou Faour, M., & Ayoubi, Z. (2017). The effect of using virtual laboratory on grade 

10 students’ conceptual understanding and their attitudes towards 

physics. Journal of Education in Science Environment and Health, 4(1), 54-

68. 

Adam, A. S., Lutfiyah, A., Mubarok, H., & Suprapto, N. (2020, March). The Use of 

Virtual Measuring Toolkit toward Students’ Cognitive and Procedural 

Knowledge Achievements. In Journal of Physics: Conference Series (Vol. 

1491, No. 1, p. 012017). IOP Publishing. 

Adams, W. K. (2010). Student engagement and learning with PhET interactive 

simulations. Il nuovo cimento C, 33(3), 21-32. 

Adams, W. K., Reid, S., LeMaster, R., McKagan, S. B., Perkins, K. K., Dubson, M., 

& Wieman, C. E. (2008). A Study of Educational Simulations Part 1-

Engagement and Learning. Journal of Interactive Learning Research, 19(3), 

397-419. 

Adesina, B. (2013). Improving Students’ Learning Outcomes In Practical Physics, 

Which Is Better?. Computer Simulated Experiment or Hands-On 

Experiment?. IOSR Journal of Research & Method in Education, 2, 18-26. 

Aina, K. J. (2013). Instructional materials and improvisation in physics class: 

Implications for teaching and learning. Computer, 2(20), 8. 

Ajzen, I. (2001). Nature and operation of attitudes. Annual Review of Psychology, 

52(1), 27-58. 

Akpan, J. P. (1998). "The effects of computer simulation models on middle school 

students’ understanding of the anatomy and morphology of the frog ". 

Retrospective Theses and Dissertations. 11841. 

https://lib.dr.iastate.edu/rtd/11841 

Al-Naqbi, A. K. (2015). The Fundamental Abilities of Inquiry in the Elementary 

Science Workbooks: The Case of UAE Northern Schools. International 

Interdisciplinary Journal of Education, 4(4). DOI: 10.12816/0022977. 



214 

 

 

 

 

 

 

Alexanian, M. (2013). Teach Physics for Physics’ Sake. APS News. 22. 6. Retrieved 

April 22, 2020, from 

https://www.aps.org/publications/apsnews/201306/upload/June-2013.pdf. 

Almeqdadi, F., & Halar, W. (2017). Utilizing Virtual Environment (TeachLivE™) in 

the Teacher Education Program in UAE. DEStech Transactions on Economics, 

Business and Management, (emem). 

https://doi.org/10.12783/dtem/emem2017/17085 

Alneyadi, S. S. (2019). Virtual lab implementation in science literacy: Emirati science 

teachers’ perspectives. EURASIA Journal of Mathematics, Science and 

Technology Education, 15(12), em1786. 

https://doi.org/10.29333/ejmste/109285 

Anderson, L. W., Krathwohl, D. R., & Bloom, B. S. (2001). A taxonomy for learning, 

teaching, and assessing: A revision of Bloom’s taxonomy of educational 

objectives. New York: Longman. 

Antwi, V. (2013). Interactive teaching of mechanics in a Ghanaian university context 

(Doctoral dissertation, Faculteit Bètawetenschappen FIsme, Utrecht 

University). 

Aoude. (2015). The Impact of Integrating Computer Simulations on The Achievement 

of Grade 11 Emirati Students in Uniform Circular Motion. (Master Thesis, 

United Arab Emirates University, United Arab Emirates). Retrieved from 

https://scholarworks.uaeu.ac.ae/cgi/viewcontent.cgi?article=1097&context=al 

l_theses 

Artino, A.R., Jr. (2008). Cognitive load theory and the role of learner experience: An 

abbreviated review for educational practitioners. AACE Journal, 16(4), 425-

439. 

Asan, A. (2007). Concept mapping in science class: A case study of fifth grade 

students. Journal of Educational Technology & Society, 10(1), 186-195. 

Asikhia, O. A. (2010). Students and teachers’ perception of the causes of poor 

academic performance in Ogun State secondary schools [Nigeria]: 

Implications for counseling for national development. European Journal of 

Social Sciences, 13(2), 229-242. 

Aşıksoy, G., & İşlek, D. (2017). The Impact of the Virtual Laboratory on Students’ 

Attitude in a General Physics Laboratory. International Journal of Online 

Engineering (iJOE). 13(04), 20-28. 

Astalini., Kurniawan, D.A., Perdana, R., & Kurniawan, W. (2019). Identification 

Attitudes of Learners on Physics Subjects. Journal of Educational Science and 

Technology, 5(1), 40. DOI: https://doi.org/10.26858/est.v5i1.8231 

August, D., Branum-Martin, L., Cárdenas-Hagan, E., Francis, D. J., Powell, J., Moore, 

S., & Haynes, E. F. (2014). Helping ELLs Meet the Common Core State 

Standards for Literacy in Science: The Impact of an Instructional Intervention 

Focused on Academic Language. Journal of Research on Educational 

Effectiveness, 7(1), 54-82. 



215 

 

 

 

 

 

 

Avsec, Stanislav & Kocijancic, Slavko. (2014). Effectiveness of Inquiry-Based 

Learning: How do Middle School Students Learn to Maximise the Efficacy of 

a Water Turbine?. International Journal of Engineering Education, 30(6), 

1436-1449. 

Awan, R. (2012). A study of teachers’ opinions and experiences on the use of 

computers and laptops in classrooms in the United Arab Emirates. In 2012 

International Conference on Management and Education Innovation. IPEDR 

(Vol. 37, pp. 257-268). 

Bagnoli, F., Guarino, A., & Pacini, G. (2018). Teaching physics by magic. Physics 

Education, 54(1), 015025. doi:10.1088/1361-6552/aaed62 

Bajpai, M., (2013), Developing concepts in physics through virtual lab experiment: 

An effectiveness study. Techno LEARN: An International Journal of 

Education Technology, 3(1): 43- 50. 

Balfakih, N. M. (2003). The effectiveness of student team-achievement division 

(STAD) for teaching high school chemistry in the United Arab 

Emirates. International journal of science education, 25(5), 605-624. 

Bakaç, M., Tasoğlu, A. K., & Akbay, T. (2011). The Effect of Computer Assisted 

Instruction with Simulation in Science and Physics Activities on the Success 

of Student: Electric Current. International Journal of Physics & Chemistry 

Education, 3(SI), 34-42. 

Baker, A. (2016). Informational processing theory for the classroom. OER Commons. 

Retrieved February 18, 2021, from 

https://www.oercommons.org/authoring/14326-informational-processing-

theory-for-the-classroom. 

Baker, D. & Leary, R. (1995). Letting girls speak out about science. Journal of 

Research in Science Teaching, 32(1), 3-27. 

Batuyong, C. T., & Antonio, V. V. (2018). Exploring the Effect of PhET Interactive 

Simulation-Based Activities on Students’ Performance and Learning 

Experiences in Electromagnetism. Asia Pacific Journal of Multidisciplinary 

Research, 6(2), 121-131. 

Bauer, W., & Westfall, G. D. (2011). University physics with modern physics. New 

York: McGraw-Hill. 

Bayrak, C. (2008). Effects of Computer Simulations Programs on University Students’ 

Achievements in Physics. Turkish Online Journal of Distance Education, 9(4), 

53-62. 

Bayraktar, S. (2009). Misconceptions of Turkish Pre-Service Teachers about Force 

and Motion. International Journal of Science and Mathematics Education, 

7(2), 273-291.  

Bell, T., Urhahne, D., Schanze, S., & Ploetzner, R. (2010). Collaborative inquiry 

learning: Models, tools, and challenges. International journal of science 

education, 32(3), 349-377. 



216 

 

 

 

 

 

 

Berney, S., & Bétrancourt, M. (2016). Does animation enhance learning?. A meta-

analysis. Computers & Education, 101, 150-167. 

Biggs, J. (1996). Enhancing teaching through constructive alignment. Higher 

education, 32(3), 347-364. 

Blake, C., & Scanlon, E. (2007). Reconsidering simulations in science education at a 

distance: Features of effective use. Journal of Computer Assisted learning, 

23(6), 491–502. 

Blum, C. A., Borglund, S., & Parcells, D. (2010). High-fidelity nursing simulation: 

Impact on student self-confidence and clinical competence. International 

Journal of Nursing Education Scholarship, 7(1). Doi: 10.2202/1548-

923X.2035. Epub 2010 Jun 3. 

Bozkurt, E., & Ilik, A. (2010). The effect of computer simulations over students’ 

beliefs on physics and physics success. Procedia-Social and Behavioral 

Sciences, 2(2), 4587-4591. 

Bransford, J.D., Brown, A.L. & Cocking, R.R. (1999). How people learn: brain, mind, 

experience and school. Washington: National Academic Press. 

Brown, J. L. (2015). Using information processing theory to teach social stratification 

to pre-service teachers. Journal of Education and Learning, 4(4), 19-24. 

Brown, J., Hinze, S., & Pellegrino, J. W. (2008). Technology and formative 

assessment. 21st Century education, 2, 245-255. 

Bunker, L. K. (1991). The role of play and motor skill development in building 

children’s self-confidence and self-esteem. The Elementary School 

Journal, 91(5), 467-471. 

Burton, L. D., Kijai, J., & Sargeant, M. A. (2005). The relationship between students’ 

perceptions of the teaching and learning process and academic performance in 

science of seventh and eighth graders enrolled in seventh-day Adventist 

schools. Journal of Research on Christian Education, 14(2), 177-212. 

Bybee, R. W. (2014). The BSCS 5E Instructional Model: Personal Reflections and 

Contemporary Implications. Science and Children, 51(8), 10-13. 

Bybee, R. W. (2009). The BSCS 5E Instructional Model and 21st Century 

Skills. National Academies Board on Science Education. Retrieved from 

http://itsisu.concord.org/share/Bybee_21st_century_Paper.pdf. 

Cairns, D., & Areepattamannil, S. (2019). Exploring the relations of inquiry-based 

teaching to science achievement and dispositions in 54 countries. Research in 

Science Education, 49(1), 1-23. 

Cakir, M. & Irez, S. (2006). Creating a Reflective Learning Community: The role of 

information technology in Genetics learning. [Online]. [Accessed Jun, 14, 

2019]. Available from: 

https://www.academia.edu/438021/Creating_a_Reflective_Learning_Commu

nity_The_Role_of_Infor_Mation_Technology_In_Genetics_Learning 



217 

 

 

 

 

 

 

Camarao, M. K. G., & Nava, F. J. G. (2017, November). High school students’ 

difficulties in physics. In A paper presented at the National Conference on 

Research in Teacher Education (NCRTE), Quezon City, The Philippines. 

Çetini, A. (2018). Effects of simulation based cooperative learning on physics 

achievement, science process skills, attitudes towards physics and usage of 

interactive whiteboards. Kastamonu Education Journal, 26(1), 57-65. 

Chang, K. E., Chen, Y. L., Lin, H. Y., & Sung, Y. T. (2008). Effects of learning support 

in simulation-based physics learning. Computers & Education, 51(4), 1486-

1498. 

ChanLin, L. (2001). Formats and prior knowledge on learning in a computer‐based 

lesson. Journal of Computer Assisted Learning, 17(4), 409-419. 

Choi, B., & Grennaro, E. (1987). The effectiveness of using computer simulated 

experiments on junior high students’ understanding of the volume 

displacement concept. Journal of Research in Science Teaching, 24(6), 539-

552. 

Christidou, V. (2006). Greek students’ science-related interests and experiences: 

Gender differences and correlations. International Journal of Science 

Education, 28(10), 1181-1199. 

Clark, R. E. (1994). Media will never influence learning. Educational technology 

research and development, 42(2), 21-29. 

Coelho, R. L. (2018). On the deduction of Newton’s second law. Acta Mechanica, 

229(5), 2287-2290.  

Cohen, J. (1992). A power primer. Psychological bulletin, 112(1), 155-159. 

https://doi.org/10.1037/0033-2909.112.1.155 

Coştu, B., Hermıta, N., Suhandı, A., Syaodıh, E., Samsudın, A., Sopandı, W., ... & 

Sumardı, S. (2017). The Effectiveness of Using Virtual Simulation and 

Analogy in the Conceptual Change Oriented-Physics Learning on Direct 

Current Circuits. The Turkish Online Journal of Educational Technology, 16, 

ss.347-356 

Couch, Ann Sanchez. (2014).  "The Impact of Virtual Simulations on Student 

Comprehension of Mechanics", LSU Master’s Theses. 151. 

https://digitalcommons.lsu.edu/gradschool_theses/151. 

Council, N. R. (2011). Learning Science Through Computer Games and Simulations. 

Washington, DC: The National Academies Press. 

Council, N. R. (2000). How People Learn: Brain, Mind, Experience, and School: 

Expanded Edition. Washington, DC: The National Academies Press. 

Crawford, B. (2007). Learning to teach science as inquiry in the rough and tumble of 

practice. Journal of Research in Science Teaching, 44(4), 613 - 642. 

Creswell, J. W., & Creswell, J. D. (2017). Research design: Qualitative, quantitative, 

and mixed methods approaches. Sage publications. 



218 

 

 

 

 

 

 

Creswell, J. W. (2013). Research design. Qualitative, quantitative and mixed method 

approaches. London: Sage.  

D’Angelo, C., Rutstein, D., Harris, C., Bernard, R., Borokhovski, E., & Haertel, G. 

(2014). Simulations for STEM learning: Systematic review and meta-

analysis. Menlo Park: SRI International. 

De Jong, T., Linn, M. C., & Zacharia, Z. C. (2013). Physical and virtual laboratories 

in science and engineering education. Science, 340(6130), 305-308. 

De Jong, T., & Van Joolingen, W. R. (1998). Scientific discovery learning with 

computer simulations of conceptual domains. Review of Educational Research, 

68(2), 179–201 

Definitions.net. (2020). Defentions. [online] Available at: 

https://www.definitions.net/definition/ATTITUDE [Accessed 9 Apr. 2020]. 

Dehn, M. J. (2008). Working memory and academic learning: Assessment and 

intervention. New Jersey: John Wiley & Sons, Inc. 

Dervić, D., Glamočić, D. S., Gazibegović-Busuladžić, A., & Mešić, V. (2018). 

Teaching physics with simulations: teacher-centered versus student-centered 

approaches. Journal of Baltic Science Education, 17(2), 288. DOI: 

10.33225/jbse/18.17.288 

Dilshad, M., Malik, R. A., Tabassum, R., & Latif, M. I. (2016). Impact of Computer 

Simulation on the Achievement of Biology Students at Secondary Level. 

Pakistan Journal of Social Sciences (PJSS), 36(2). 

https://doi.org/10.4018/IJSEUS.2018010103. 

Dole, J. A., & Sinatra, G. M. (1998). Reconceptalizing change in the cognitive 

construction of knowledge. Educational psychologist, 33(2-3), 109-128. 

Dori, Y.J., & Belcher, J. (2005). How Does Technology-Enabled Active Learning 

Affect Undergraduate Students’ Understanding of Electromagnetism 

Concepts?. The journal of the learning sciences, 14(2), 243-279. 

Duran, L. B., & Duran, E. (2004). The 5E Instructional Model: A Learning Cycle 

Approach for Inquiry-Based Science Teaching. Science Education 

Review, 3(2), 49-58. 

Eagly, A. H., & Chaiken, S. (1993). The psychology of attitudes. Harcourt brace 

Jovanovich college publishers. 

Elwood, J., and Carlisle, K. (2003). Examining gender: Gender and achievement in 

the Junior and Leaving Certificate Examinations 2000/2001. Dublin: National 

Council for Curriculum and Assessment. 

Elwood, J. & Comber, C. (1996). Gender Differences in Examinations at 18+, final 

report. (London: Institute of Education. University of London). 

Erinosho, S. Y. (2013). How Do Students Perceive the Difficulty of Physics in 

Secondary School?. An Exploratory Study in Nigeria. International Journal 

for Cross-disciplinary Subjects in Education (IJCDSE), 3(3), 1510-1515. 



219 

 

 

 

 

 

 

Ertmer, P. A., & Ottenbreit-Leftwich, A. T. (2010). Teacher technology change: How 

knowledge, Confidence, Beliefs, and Culture Intersect. Journal of Research on 

Technology in Education, 42(3), 255-284. 

Etikan, I., Musa, S. A., & Alkassim, R. S. (2016). Comparison of convenience 

sampling and purposive sampling. American journal of theoretical and applied 

statistics, 5(1), 1-4. Doi: 10.11648/j.ajtas.20160501.11. 

Etymonline.com. (2020). Online Etymology Dictionary. [online] Available at: 

https://www.etymonline.com/word/simulation#etymonline_v_23544 

[Accessed 14 Feb. 2020]. 

Eveline, E., Wilujeng, I., & Kuswanto, H. (2019, June). The Effect of Scaffolding 

Approach Assisted by PhET Simulation on Students’ Conceptual 

Understanding and Students’ Learning Independence in Physics. In Journal of 

Physics: Conference Series (Vol. 1233, No. 1, p. 012036). IOP Publishing. 

Falloon, G. (2020). Using Animated Simulations to Support Young Students’ Science 

Learning. In Learning from Animations in Science Education (pp. 103-130). 

Springer, Cham. 

Fan, X., Geelan, D., & Gillies, R. (2018). Evaluating a Novel Instructional Sequence 

for Conceptual Change in Physics Using Interactive Simulations. Education 

Sciences, 8(1), 29.  https://doi.org/10.3390/educsci8010029 

Finkelstein, N. D., Perkins, K. K., Adams, W., Kohl, P., & Podolefsky, N. (2005, 

September). Can computer simulations replace real equipment in 

undergraduate laboratories?. In AIP Conference Proceedings (Vol. 790, No. 1, 

pp. 101-104). American Institute of Physics. 

Finkelstein, N. D., Adams, W. K., Keller, C. J., Kohl, P. B., Perkins, K. K., Podolefsky, 

N. S., ... & LeMaster, R. (2005). When learning about the real world is better 

done virtually: A study of substituting computer simulations for laboratory 

equipment. Physical review special topics-physics education research, 1(1), 

010103. DOI: 10.1103/PhysRevSTPER.1.010103 

Fraser, B. J. (1981). TOSRA: Test of science-related attitudes handbook. Hawthorn, 

Victoria: Australian Council for Educational Research. 

Fraser, B., & Lee, S. (2015). Use of test of science related attitudes (TOSRA) in Korea. 

Attitude measurements in science education: Classic and contemporary 

approaches, 293-308. Charlotte, NC: Information Age Publishing. 

Gafoor, K. A., & Akhilesh, P. T. (2010). Strategies for Facilitating Conceptual Change 

in School Physics. Online Submission, 3(1), 34-42. 

Galil, T. E. A. (2014). The Mohammed bin Rashid’s Smart Learning Program (SLP) 

Initiative in the Ministry of Education and its impact on English language 

performance in Cycle2 Classes, in the United Arab Emirates (UAE) (Doctoral 

dissertation, The British University in Dubai (BUiD)). 

Galarneau, L., & Zibit, M. (2007). Online games for 21st century skills. Games and 

simulations in online learning: Research and development frameworks, 59-88. 

DOI: 10.4018/9781599043043.ch004 



220 

 

 

 

 

 

 

George, R. (2000). Measuring change in Students‟ Attitude toward Science over Time: 

An Application of Latent Variable Growth Modeling. Journal of Science 

Education and Technology, 9(3), 213–225.  

Ghadiri, Z., Norouzi, D., & Fardanesh, H. (2016). Investigation of the Effect of 

Computer Simulation-Based Learning Based on Constructivism in Removing 

Physics Misconceptions. Interdisciplinary Journal of Virtual Learning in 

Medical Sciences. 6. 10.5812/ijvlms.11997. DOI: 10.5812/IJVLMS.11997 

Gokhale, A. A., Rabe-Hemp, C., Woeste, L., & Machina, K. (2015). Gender 

differences in attitudes toward science and technology among majors. Journal 

of Science Education and Technology, 24(4), 509-516. 

Gorard, S., & See, B. H. (2011). How can we enhance enjoyment of secondary school?. 

The student views. British Educational Research Journal, 37(4), 671-690. 

Gunstone, R. F., & Champagne, A. B. (1990). Promoting conceptual change in the 

laboratory. In E. Hegarty-Hazel (Ed.), The student laboratory and the science 

curriculum, 159–182. London: Routledge. 

Haddad, A. M. (2020). The Impacts of Education on the Sustainable Development in 

United Arab Emirates: A Simultaneous Equations Approach. In Sustainable 

Development and Social Responsibility, 269-277. Springer, Cham. 

Hadzigeorgiou, Y. & Schulz, R. (2017). What Really Makes Secondary School 

Students “Want” to Study Physics?. Education Science, 7(4), 84. 

Doi:10.3390/educsci7040084 

Hake, R. R. (1998). Interactive-engagement versus traditional methods: A six-

thousand-student survey of mechanics test data for introductory physics 

courses. American journal of Physics, 66(1), 64-74. 

Haladyna, T. M., & Rodriguez, M. C. (2013). Developing and validating test items. 

Routledge. 

Hannel, S. L., & Cuevas, J. (2018). A Study on Science Achievement and Motivation 

Using Computer-Based Simulations Compared to Traditional Hands-On 

Manipulation. Georgia Educational Researcher, 15(1), 40-55. 

Hartoyo, D., Batlolona, J., Nilasari. (2019). Real-virtual monte Carlo simulation on 

impulse-momentum and collisions, Indonesian Journal of Electrical 

Engineering and Computer Science, 13(1), 7-14. 

Hazelton, R. L., Shaffer, P. S., & Heron, P. R. (2013). Assessing the impact of a 

computer simulation in conjunction with Tutorials in Introductory Physics on 

conceptual understanding. Perc proceedings. Portland, OR. 177-180. DOI: 

10.1119/perc.2013.pr.032 

Hennessey, M. G. (1993). Students’ Ideas about Their Conceptualization: Their 

Elicitation through Instruction. In the Annual Meeting of the American 

Educational Research Association. Atlanta, GA. 

Hidayati, N.A., Hendriati, N., Prasetyo, P., Putri, H. A., & Maimunah, S. (2017). 

Pengembangan Inovasi Pembelajaran Berbasis Proyek Ilmiah dalam 

Meningkatkan Sikap terhadap Ilmu Pengetahuan Siswa SMP Kota Malang. 



221 

 

 

 

 

 

 

Jurnal Konseling dan Pendidikan, 5(2), 85-91. DOI: 

https://doi.org/10.29210/116600 

Hill, C., Corbett, C., & St Rose, A. (2010). Why so few?. Women in science, 

technology, engineering, and mathematics. American Association of 

University Women. 1111 Sixteenth Street NW, Washington, DC 20036. 

Hirshman, E., & Bjork, R. A. (1988). The generation effect: Support for a two-factor 

theory. Journal of Experimental Psychology: Learning, Memory, and 

Cognition, 14(3), 484–494. https://doi.org/10.1037/0278-7393.14.3.484  

Holec S., Spodniaková Pfefferová M. & Raganová J. (2004). Computer simulations in 

mechanics at secondary school. Informatics in Educations, 3(2):229–238. 

Honey, M. A., & Hilton, M. (2010). Learning science through computer games and 

simulations. National Academies Press, Washington, DC. 

Hsiao, H. S., Hong, J. C., Chen, P. H., Lu, C. C., & Chen, S. Y. (2017). A five-stage 

prediction-observation-explanation inquiry-based learning model to improve 

students’ learning performance in science courses. Eurasia Journal of 

Mathematics, Science and Technology Education, 13(7), 3393-3416. 

Huppert, J., Lomask, S. M., & Lazarowitz, R. (2002). Computer simulations in the 

high school: Students’ cognitive stages, science process skills and academic 

achievement in microbiology. International Journal of Science 

Education, 24(8), 803-821. 

Husain, N. (2010). Computer assisted learning: Theory and application. Shipra 

Publications, Delhi, 2010. 

In, J. (2017). Introduction of a pilot study. Korean journal of anesthesiology, 70(6), 

601. DOI: 10.4097/kjae.2017.70.6.601 

International Nursing Association for Clinical Simulation and Learning Standards 

Committee (INACSLSC). (2016). INACSL standards of best practice: 

Simulation SM simulation design. Clinical Simulation in Nursing, 12, S5-S12. 

Ismail, S., Almekhlafi, A. G., & Al-Mekhlafy, M. H. (2010). Teachers’ perceptions of 

the use of technology in teaching languages in United Arab Emirates’ 

schools. International Journal for Research in Education, 27(1), 37-56. 

Itza-Ortiz, S. F., Rebello, S., & Zollman, D. (2003). Students’ models of Newton’s 

second law in mechanics and electromagnetism. European Journal of 

Physics, 25(1), 81. DOI: 10.1088/0143-0807/25/1/011 

Jacobs, G. M., Renandya, W. A., & Power, M. (2016). Simple, powerful strategies for 

student centered learning. Springer International Publishing. 

Jimoyiannis, A., & Komis, V. (2001). Computer simulations in physics teaching and 

learning: a case study on students’ understanding of trajectory motion. 

Computers & education, 36(2), 183-204.  

Kahle, J. B. (1994). Research on gender issues in the classroom. Handbook of research 

on science teaching and learning, 543-557. New York, NY: Macmillan. 



222 

 

 

 

 

 

 

Kamal, K. & Trines, S. (2018, August 10). Education in the United Arab Emirates. 

World Education News + Reviews (WENR). 

https://wenr.wes.org/2018/08/education-in-the-united-arab-emirates. 

Kassir, H. G. A. N. (2013). The Effectiveness of the Science- Inquiry Teaching 

Approach on the Students’ Achievement and Engagement in the UAE Public 

Schools (Doctoral dissertation, The British University in Dubai (BUiD)). 

Kattayat, S., Josey, S., & Asha, J. V. (2016). The relationship between simulation 

assisted instruction and attitude towards physics of adolescent 

students. American Scientific Research Journal for Engineering, Technology, 

and Sciences (ASRJETS), 22(1), 32-38. 

Keller, C. J., Finkelstein, N. D., Perkins, K. K., & Pollock, S. J. (2007, January). 

Assessing the Effectiveness of a Computer Simulation in Introductory 

Undergraduate Environments. In AIP Conference Proceedings (Vol. 883, No. 

1, pp. 121-124). American Institute of Physics. 

Kelly, J., Bradley, C., & Gratch, J. (2008). Science Simulations: Do They Make a 

Difference in Student Achievement and Attitude in the Physics Laboratory?. 

Online Submission. 

Keselman, A. (2003). Supporting inquiry learning by promoting normative 

understanding of multivariable causality. Journal of Research in Science 

Teaching, 40(9), 898-921. 

Kollöffel, B., & de Jong, T. (2013). Conceptual understanding of electrical circuits in 

secondary vocational engineering education: Combining traditional instruction 

with inquiry learning in a virtual lab. Journal of engineering education, 102(3), 

375-393. 

Konicek-Moran, R., & Keeley, P. (2015). Teaching for conceptual understanding in 

science. Arlington: NSTA Press, National Science Teachers Association. 

Kost, L. E., Pollock, S. J., & Finkelstein, N. D. (2009, November). Unpacking gender 

differences in students’ perceived experiences in introductory physics. In AIP 

conference proceedings (Vol. 1179, No. 1, pp. 177-180). American Institute of 

Physics. 

Kunnath, B., & Kriek, J. (2018). Exploring effective pedagogies using computer 

simulations to improve Grade 12 learners’ understanding of the photoelectric 

effect. African Journal of Research in Mathematics, Science and Technology 

Education, 22(3), 329-339.  

Landriscina, F. (2013). Simulation and Learning. A Model-Centered Approach. New 

York, NY: Springer. 

Lamina, Omar. (2019). Investigating the Effects of PhET Interactive Simulation-

Based Activities on Students’ Learning Involvement and Performance on Two-

Dimensional Motion Topic in Physics Grade 9. Scholar’s Press Publishing. 

Lawless, C. (2019, August 6). What is Information Processing Theory?: Using it in 

Your Corporate Training. Retrieved from 

https://www.learnupon.com/blog/what-is-information-processing-theory/. 

https://wenr.wes.org/2018/08/education-in-the-united-arab-emirates


223 

 

 

 

 

 

 

Lederman, N. G., & Abell, S. K. (2014). Handbook of Research on Science Education: 

Taylor & Francis. 

Levin, T., & Wadmany, R. (2008). Teachers’ Views on Factors Affecting Effective 

Integration of Information Technology in the Classroom: Developmental 

Scenery. Journal of Technology and Teacher Education, 16(2), 233-263. 

Liao, Y. K., & Chen, Y. W. (2007). The effect of computer simulation instruction on 

student learning: A meta-analysis of studies in Taiwan. Journal of Information 

Technology and Applications, 2(2), 69-79. 

Lo, C. K. (2017). Toward a Flipped Classroom Instructional Model for History 

education: A Call for Research. International Journal of Culture and History, 

3(1), 36–43. 

Lundberg, K. M. (2008). Promoting self-confidence in clinical nursing students. Nurse 

educator, 33(2), 86-89.  

Lutz, S., & Huitt, W. (2003). Information processing and memory: Theory and 

applications. Educational Psychology Interactive, 1-17. Valdosta, GA: 

Valdosta State University. 

Mann, M., & Treagust, D. F. (2000). An instrument to diagnose conceptions of 

breathing, gas exchange and respiration. In annual meeting of the National 

Association for Research in Science Teaching (pp. 532-546). 

Marshall, J. A., & Young, E. S. (2006). Preservice teachers’ theory development in 

physical and simulated environments. Journal of Research in Science 

Teaching: The Official Journal of the National Association for Research in 

Science Teaching, 43(9), 907-937. 

Martin, J. (2013). Technology, education and Arab youth in the 21st century: A study 

of the UAE (Unpublished doctoral dissertation). The University of 

Queensland, School of Education, Queensland. 

Martin, M.O, Mullis, I.V.S, Foy, P., Hopper, M. (2015). TIMSS 2015 International 

Results in Science. IEA TIMSS & PIRLS International Study Center. Lynch 

School of Education, Boston College. 

McDonald, C. V. (2016). STEM Education: A review of the contribution of the 

disciplines of science, technology, engineering and mathematics. Science 

Education International, 27(4), 530-569. 

McKagan, S. B., Handley, W., Perkins, K. K., & Wieman, C. E. (2009). A research-

based curriculum for teaching the photoelectric effect. American Journal of 

Physics, 77(1), 87–94. 

McLeod, S. A. (2008, October 24). Information processing. Simply Psychology. 

Retrieved September 22, from 

https://www.simplypsychology.org/information-processing.html 

Mengistu A, Kahsay G. (2015). The effect of computer simulation used as a teaching 

aid in students’ understanding in learning the concepts of electric fields and 

electric forces. Latin-American Journal of Physics Education, 9(1): 1402-

1408. 



224 

 

 

 

 

 

 

Meyers, L. S., Gamst, G., & Guarino, A. J. (2016). Applied multivariate research: 

Design and interpretation. Sage publications. 

Mico, S., Mandili, J., Tahiri, V., Muco, R. (2010). Computer simulations enhance 

qualitative meaning of the Newton’s second law, GIREP-ICPE-MPTL 

Conference 2010, Reims, France. 

Miller, D. I., & Wai, J. (2015). The bachelor’s to Ph. D. STEM pipeline no longer 

leaks more women than men: A 30-year analysis. Frontiers in psychology, 6, 

37. DOI: 10.3389/fpsyg.2015.00037 

Miller, D. I., Nolla, K. M., Eagly, A. H., & Uttal, D. H. (2018). The development of 

children’s gender‐science stereotypes: A meta‐analysis of 5 decades of US 

Draw‐a‐Scientist studies. Child development, 89(6), 1943-1955. 

Miller, P. H., Blessing, J. S., & Schwartz, S. (2006). Gender differences in high‐school 

students’ views about science. International Journal of Science Education, 

28(4), 363-381. 

Ministry of Education and Youth (MOEY). (2000). Education Vision 2020: Pillars, 

Strategic Objectives, for United Arab Emirates Education Development. UAE: 

Ministry of Education and Youth. 

Mirana, V. P. (2016, May). Effects of Computer Simulations and Constructivist 

Approach on Students’ Epistemological Beliefs, Motivation and Conceptual 

Understanding in Physics. In International Conference on Research in Social 

Sciences, Humanities and Education (pp. 89-93). 

Mullis, I. V. S., & Martin, M. O. (2017). TIMSS 2019 Assessment Frameworks. 

Retrieved from Boston College, TIMSS & PIRLS International Study Center 

website: http://timssandpirls.bc.edu/timss2019/frameworks/ 

Nadelson, L. S., Heddy, B. C., Jones, S., Taasoobshirazi, G., & Johnson, M. (2018). 

Conceptual change in science teaching and learning: Introducing the dynamic 

model of conceptual change. International Journal of Educational 

Psychology, 7(2), 151-195. 

Nestel, D., Groom, J., Eikeland-Husebø, S., & O’Donnell, J. M. (2011). Simulation 

for learning and teaching procedural skills: the state of the science. Simulation 

in Healthcare, 6(7), S10-S13. 

NGSS. (2013). Next Generation Science Standards: For states, by states. Washington, 

DC: The National Academies Press. 

Nieswandt, M. (2007). Student Affect and Conceptual Understanding in Learning 

Chemistry. The Official Journal of the National Association for Research in 

Science Teaching, 44(7), 908-937. 

National Research Council (NRC). (1996). National Science Education Standards: 

Observe, interact, change, learn. Washington, DC: National Academy Press. 

Obaidat, I., & Malkawi, E. (2009). The Grasp of Physics Concepts of Motion: 

Identifying Particular Patterns in Students’ Thinking. International Journal for 

the Scholarship of Teaching and Learning, 3(1), 

https://doi.org/10.20429/ijsotl.2009.030119. 

http://timssandpirls.bc.edu/timss2019/frameworks/


225 

 

 

 

 

 

 

OECD. (2015a). The ABC of Gender Equality in Education: Aptitude, Behaviour, 

Confidence, PISA, OECD Publishing. 

http://dx.doi.org/10.1787/9789264229945-en 

OECD. (2015b). Beyond PISA 2015: A longer-term strategy of PISA. Retrieved from 

http://www.oecd.org/pisa/pisaproducts/Longerterm- strategy-of-PISA.pdf 

OECD. (2010). PISA 2009 results: What students know and can do: Student 

performance in reading, mathematics and science (volume I). Paris: OECD 

Publishing. 

Ornek, F., Robinson, W. R., & Haugan, M. P. (2008). What Makes Physics 

Difficult?. International Journal of Environmental and Science 

Education, 3(1), 30-34. 

Osborne, J. & Collins, S. (2001). Pupils’ views of the role and value of the science 

curriculum: a focus group study. International Journal of Science Education, 

23(5), 441-467. 

Oymak, O., & Ogan-Bekiroglu, F. (2017). Comparison of Students’ Learning and 

Attitudes in Technology Supported and Laboratory Based Environments . The 

Eurasia Proceedings of Educational and Social Sciences, 6, 109-113. 

Panoutsopoulos, H., & Sampson, D. (2012). A study on exploiting commercial digital 

games into school context. Educational Technology and Society, 15(1), 15-27.  

Papert, S. A. (2020). Mindstorms: Children, computers, and powerful ideas. Basic 

books. 

Pedaste, M., Mäeots, M., Siiman, L. A., De Jong, T., Van Riesen, S. A., Kamp, E. T., 

... & Tsourlidaki, E. (2015). Phases of inquiry-based learning: Definitions and 

the inquiry cycle. Educational Research Review, 14, 47-61. 

Peffer, M. E., Beckler, M. L., Schunn, C., Renken, M., & Revak, A. (2015). Science 

Classroom Inquiry (SCI) Simulations: A Novel Method to Scaffold Science 

Learning. PloS one, 10(3), doi: 10.1371/journal.pone.0120638 

Perkins K., Adams W., Dubson M., Finkelstein N., Reid S., Wieman C. (2006). PhET: 

interactive simulations for teaching and learning physics. The Physics Teacher, 

44(1), 18-23. 

Perkins, K., Moore, E., & Chasteen, S. (2014). Examining the Use of PhET Interactive 

Simulations in US College and High School Classrooms.  In Proceedings of 

the 2014 Physics Education Research Conference (Minneapolis, MN, USA (pp. 

207-210). 

Perkins, K., Moore, E., Podolefsky, N., Lancaster, K., & Denison, C. (2012). Towards 

research-based strategies for using PhET simulations in middle school physical 

science classes. In AIP Conference Proceedings (Vol. 1413, No. 1, pp. 295-

298). American Institute of Physics. 

Philips, R. (1997). The Developer’s Handbook to Interactive Multimedia (A Practical 

Guide for Educational Applications). New York: Kogan Page, Ltd. https://doi. 

org/10.1, 1, 7898. 

http://dx.doi.org/10.1787/9789264229945-en
http://www.oecd.org/pisa/pisaproducts/Longerterm-%20strategy-of-PISA.pdf


226 

 

 

 

 

 

 

Podolefsky, N. S., Perkins, K. K., & Adams, W. K. (2010). Factors promoting engaged 

exploration with computer simulations. Physical Review Special Topics-

Physics Education Research, 6(2), 020117. DOI: 

10.1103/PhysRevSTPER.6.020117 

Podolefsky, N. S., Perkins, K. K., & Adams, W. K. (2009, November). Computer 

simulations to classrooms: Tools for change. In AIP Conference 

Proceedings (Vol. 1179, No. 1, pp. 233-236). American Institute of Physics. 

Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W. A. (1982). Accommodation 

of a scientific conception: Toward a theory of conceptual change. Science 

education, 66(2), 211-227. 

Psycharis, S. (2011). The computational experiment and its effects on approach to 

learning and beliefs on physics. Computers & Education, 56(3), 547-555. 

Putra, D. S., Lumbantoruan, A., & Samosir, S. C. (2019). Deskripsi Sikap Siswa: 

Adopsi Sikap Ilmiah, Ketertarikan Memperbanyak Waktu Belajar Fisika Dan 

Ketertarikan Berkarir Di Bidang Fisika. Tarbiyah: Jurnal Ilmiah 

Kependidikan, 8(2), 93. DOI: http://dx.doi.org/10.12928/jrkpf.v5i2.10736 

Pyatt, K., & Sims, R. (2012). Virtual and Physical Experimentation in Inquiry-Based 

Science Labs: Attitudes, Performance and Access. Journal of Science 

Education and Technology, 21(1), 133-147. 

Quellmalz, E. S., Timms, M. J., Silberglitt, M. D., & Buckley, B. C. (2012). Science 

assessments for all: Integrating science simulations into balanced state science 

assessment systems. Journal of Research in Science Teaching, 49(3), 363-393. 

Quellmalz, E. S., & Pellegrino, J. W. (2009). Technology and 

testing. science, 323(5910), 75-79. 

Radlović-Čubrilo, D., Lozanov-Crvenković, Z., Obadović, D., & Segedinac, M. 

(2014). The application of multimedia and its effects on teaching physics in 

secondary school. Zbornik Instituta za pedagoska istrazivanja, 46(2), 339-363. 

Radulović, B., Stojanović, M., & Županec, V. (2016). The effects of laboratory 

inquire-based experiments and computer simulations on high school students 

‘performance and cognitive load in physics teaching. Zbornik Instituta za 

pedagoska istrazivanja, 48(2), 264-283. 

Regan, M., & Sheppard, S. (1996). Interactive multimedia courseware and the hands-

on learning experience: An assessment study. Journal of Engineering 

Education, 85(2), 123–131. 

Reid, N. (2003). Gender and physics. International Journal of Science Education, 

25(4), 509- 536. 

Renken, M. D., & Nunez, N. (2013). Computer simulations and clear observations do 

not guarantee conceptual understanding. Learning and Instruction, 23, 10-23. 

Riaz, M., & Morote, E. S. (2015, October). A Physics Class Model that Predicts 

Student Performance. In E-Learn: World Conference on E-Learning in 

Corporate, Government, Healthcare, and Higher Education (pp. 897-902). 

Association for the Advancement of Computing in Education (AACE). 



227 

 

 

 

 

 

 

Ridge, N., Kippels, S. and El Asad, S. (2015), Education in Ras Al Khaimah and the 

United Arab Emirates, Al Qasimi Foundation for Policy Research, RAK. 

Ridge, N., Kippels, S., & Farah, S. (2017). Curriculum Development in the United 

Arab Emirates. Policy paper, 18(1), 1-17. 

Robnett, R. D., Chemers, M. M., & Zurbriggen, E. L. (2015). Longitudinal 

associations among undergraduates’ research experience, self‐efficacy, and 

identity. Journal of Research in Science Teaching, 52(6), 847-867. 

Robottom, I. (2004). Constructivism in environmental education: beyond conceptual 

change theory. Australian Journal of Environmental Education, 20(2), 93-101. 

Rutten, N., Van der Veen J. T., Van Joolingen W. R. (2015). Inquiry-Based Whole-

Class Teaching with Computer Simulations in Physics. International Journal 

of Science Education, 37(8), 1225–1245. 

Rutten, N., Van Joolingen, W. R., & Van der Veen, J. T. (2012). The learning effects 

of computer simulations in science education. Computers & Education, 58(1), 

136–153. 

Sadler, P. M., Sonnert, G., Hazari, Z., & Tai, R. (2012). Stability and volatility of 

STEM career interest in high school: A gender study. Science Education, 96(3), 

411-427. 

Saglam-Arslan, A., & Devecioglu, Y. (2010l). Student teachers’ levels of 

understanding and model of understanding about Newton’s laws of motion. 

In Asia-pacific Forum on science learning & Teaching, 11(1), Article 7. 

Samsudin, A., Suhandi, A., Rusdiana, D., Kaniawati, I. and Coştu, B. (2016). 

Investigating the effectiveness of an active learning based-interactive 

conceptual instruction (ALBICI) on electric field concept. In Asia-Pacific 

Forum on Science Learning & Teaching. 17(1), 1-41. 

Sandika, B., & Fitrihidajati, H. (2018). Improving creative thinking skills and 

scientific attitude through inquiry-based learning in basic biology lecture 

toward student of biology education. JPBI (Jurnal Pendidikan Biologi 

Indonesia), 4(1), 23-28. 

Sarabando, C., Cravino, J. P., & Soares, A. A. (2014). Contribution of a computer 

simulation to students’ learning of the physics concepts of weight and 

mass. Procedia Technology, 13, 112-121. 

Sari, D. P., & Madlazim, M. (2015). Computer simulations in mechanics teaching and 

learning: A case study on students’ understanding of force and motion. Jurnal 

Penelitian Fisika dan Aplikasinya (JPFA), 5(2), 33-43. 

Sari, U., Pektaş, H. M., Çelik, H., & Kirindi, T. (2019). The Effects of Virtual and 

Computer Based Real Laboratory Applications on the Attitude, Motivation and 

Graphic Interpretation Skills of University Students. International Journal of 

Innovation in Science and Mathematics Education (formerly CAL-laborate 

International), 27(1). DOI: http://dx.doi.org/10.30722/IJISME.27.01.001 

Sarı, U., Hassan, A. H., Güven, K., & Şen, Ö. F. (2017). Effects of the 5E teaching 

model using interactive simulation on achievement and attitude in physics 



228 

 

 

 

 

 

 

education. International Journal of Innovation in Science and Mathematics 

Education (formerly CAL-laborate International), 25(3), 20-35. 

Seba, J. M., Ndunguru, P. A., & Mkoma, S. L. (2013). Secondary school students’ 

attitudes towards Chemistry and Physics subjects in Tarime-Mara, Tanzania. 

TaJONAS: Tanzania Journal of Natural and Applied Sciences, 4(2), 642-647. 

Secker, C. V. (2002). Effects of Inquiry-Based Teacher Practices on Science 

Excellence and Equity. The Journal of Educational Research, 95(3), 151-160. 

Serway, R.A. and Jewett, J.W. (2014). Physics for Scientists and Engineers with 

Modern Physics. (E. Dodd, Ed.) (9th ed.). USA: Brooks/Cole Cengage 

Learning. 

Setyanto, J. R., Sudjito, D. N., & Rondonuwu, F. S. (2018). The use of understanding 

by design in designing the physics lesson plan about Newton’s second 

law. Journal of Science & Science Education, 2(2), 69-80. 

Sirait, J., & Mursyid, S. (2018, March). Students’ understanding of forces: Force 

diagrams on horizontal and inclined plane. In Journal of Physics Conference 

Series (Vol. 997, No. 1, p. 012030). 

Skryabina, E. (2000). Students’ attitudes to learning physics at school and university 

levels in Scotland. (PhD Thesis), University of Glasgow, Glasgow. 

Slavin, R. E. (2015). Cooperative learning in elementary schools. Education, 43(1), 5-

14. 

Smetana, L. K., & Bell, R. L. (2012). Computer simulations to support science 

instruction and learning: A critical review of the literature. International 

Journal of Science Education, 34(9), 1337–1370. 

Smist, J. M., Archambault, F. X., & Owens, S. V. (1994). Gender difference in attitude 

toward science. In the annual meeting of the American Educational Research 

Association (New Orleans, LA, USA). 

Sokolowski, A. (2013). Teaching the photoelectric effect inductively. Physics 

Education, 48(1), 35-41. 

Sornkhatha, P., & Srisawasdi, N. (2013). Supporting Conceptual Development in 

Newton’s Laws of Motion Using an Interactive Computer-simulated 

Laboratory Environment. Procedia-Social and Behavioral Sciences, 93, 2010-

2014. 

Sreelekha, J. K. (2018). Effects of Computer Simulations on Senior Secondary School 

Students’ Achievements in Practical Physics in Educational District Iii, Lagos 

State, Nigeria. Global Journal of Human-Social Science Research, Retrieved 

from https://socialscienceresearch.org/index.php/GJHSS/article/view/2653 

Srisawasdi, N., & Panjaburee, P. (2015). Exploring effectiveness of simulation-based 

inquiry learning in science with integration of formative assessment. Journal 

of Computers in Education, 2(3), 323-352. 

Steinberg, R. N. (2000). Computers in teaching science: To simulate or not to 

simulate?. American Journal of physics, 68(S1), S37-S41. 

https://socialscienceresearch.org/index.php/GJHSS/article/view/2653


229 

 

 

 

 

 

 

Stern, C., Echeverría, C., & Porta, D. (2017). Teaching physics through experimental 

projects. Procedia IUTAM, 20, 189-194. 

Stern, L., Barnea, N., & Shauli, S. (2008). The effect of a computerized simulation on 

middle school students’ understanding of the kinetic molecular theory. Journal 

of Science Education and Technology, 17(4), 305–315. 

Stewart, M. (1998). Gender issues in physics education. Educational Research, 40(3), 

283-293. 

Stieff, M., Bateman, R. C., & Uttal, D. H. (2005). Teaching and learning with three-

dimensional representations. In Visualization in science education. Springer, 

Dordrecht. 

Suárez-Pellicioni, M., Núñez-Peña, M. I., & Colomé, À. (2016). Math anxiety: A 

review of its cognitive consequences, psychophysiological correlates, and 

brain bases. Cognitive, Affective, & Behavioral Neuroscience, 16(1), 3-22. 

Sukarni, W., Jannah, N., Qoriyana, D., & Zain, M. S. (2020). Scientific Attitude 

Identification and Interest of Pursuing Career in The Physics. Tarbiyah: Jurnal 

Ilmiah Kependidikan, 9(1), 66-77. 

Swars, S. L., & Chestnutt, C. (2016). Transitioning to the common core state standards 

for mathematics: A mixed methods study of elementary teachers’ experiences 

and perspectives. School Science and Mathematics, 116(4), 212-224. 

Sweller, J., Van Merrienboer, J. J., & Paas, F. G. (1998). Cognitive architecture and 

instructional design. Educational psychology review, 10(3), 251-296. 

Tairab, H., & Al-Naqbi, A. (2017). Provision of Inquiry Instruction and Actual Level 

of Practice as Perceived by Science Teachers and their Students. Eurasia 

Journal of Mathematics, Science and Technology Education, 14(1), 397-412. 

Tairab, H. H., & Khalaf Al-Naqbi, A. K. (2004). How do secondary school science 

students interpret and construct scientific graphs?. Journal of Biological 

Education, 38(3), 127-132. 

Tangen, J. L., & Borders, L. D. (2017). Applying information processing theory to 

supervision: An initial exploration. Counselor Education and 

Supervision, 56(2), 98-111. 

Tawil, M., & Dahlan, A. (2017). Developing Students’ Creativity through Computer 

Simulation Based Learning in Quantum Physics Learning. International 

Journal of Environmental and Science Education, 12(8), 1829-1845. 

Terry, W. S. (2009). Learning and memory: Basic principles, processes, and 

procedures. Boston: Allyn & Bacon. 

Trey, L., & Khan, S. (2008). How science students can learn about unobservable 

phenomena using computer-based analogies. Computers & Education, 51(2), 

519-529. 

Treagust, D. F. (1988). Development and use of diagnostic tests to evaluate students’ 

misconceptions in science. International journal of science education, 10(2), 

159-169. 



230 

 

 

 

 

 

 

Treagust, D. F. (1985). Diagnosic Tests to Evaluate Student Misconceptions in 

Science. Science Education Association of Western Australia: Western 

Australian College of Advanced Education, Perth, October 1984, 17. 

Trundle, K. C., & Bell, R. L. (2010). The use of a computer simulation to promote 

conceptual change: A quasi-experimental study. Computers & 

Education, 54(4), 1078-1088. 

Ulukök, Ş. & Sari, U. (2016). The Effect of Simulation-assisted Laboratory 

Applications on Pre-service Teachers’ Attitudes towards Science Teaching. 

Universal Journal of Educational Research, 4(3), 465-474. 

Unfried, A., Faber, M., Stanhope, D. S., & Wiebe, E. (2015). The development and 

validation of a measure of student attitudes toward science, technology, 

engineering, and math (S-STEM). Journal of Psychoeducational Assessment, 

33(7), 622-639. 

United Arab Emirates Government (UAEG). (2019). Stages and streams of school 

education. Retrieved from https://www.government.ae/en/information-and-

services/education/school-education-k-12/joining-k-12-education/stages-and-

streams-of-school-education. 

Vick, M. E. (2010). A virtual circuits lab: Building students’ understanding of series, 

parallel, and complex circuits. The Science Teacher, 77(5), 28-29. 

Wibowo, F. C., Suhandi, A., Rusdiana, D., Darman, D. R., Ruhiat, Y., Denny, Y. R., 

& Fatah, A. (2016, August). Microscopic virtual media (MVM) in physics 

learning: Case study on students understanding of heat transfer. In Journal of 

Physics: Conference Series (Vol. 739, No. 1, p. 012044). IOP Publishing. 

Widiyatmoko, A. (2018). The Effectiveness of Simulation in Science Learning on 

Conceptual Understanding: A Literature Review. Journal of international 

development and cooperation, 24(1), 35-43. 

Wieman, C. E., Adams, W. K., Loeblein, P., & Perkins, K. K. (2010). Teaching 

physics using PhET simulations. The Physics Teacher, 48(4), 225-227. 

Wieman, C. E., Adams, W. K., & Perkins, K. K. (2008). PhET: Simulations that 

enhance learning. Science, 322(5902), 682-683. 

Williams, J. B. (2006). Assertion‐reason multiple‐choice testing as a tool for deep 

learning: a qualitative analysis. Assessment & Evaluation in Higher Education, 

31(3), 287-301. 

Wilson, Adam P. (2016). "Computer Simulations and Inquiry Based Activities in an 

8th Grade Earth Science Classroom", Culminating Projects in Teacher 

Development. 7. https://repository.stcloudstate.edu/ed_etds/7 

Winn, W., Stahr, F., Sarason, C., Fruland, R., Oppenheimer, P., & Lee, Y. (2006). 

Learning oceanography from a computer simulation compared with direct 

experience at sea. Journal of Research in Science Teaching, 43(1), 25–42. 

Yerdelen, S., Kahraman, N., & Taş, Y. (2016). Low socioeconomic status students’ 

STEM career ınterest in relation to gender, grade level, and STEM attitude. 

Journal of Turkish Science Education. 13(Special Issue), 59-74 

https://www.government.ae/en/information-and-services/education/school-education-k-12/joining-k-12-education/stages-and-streams-of-school-education
https://www.government.ae/en/information-and-services/education/school-education-k-12/joining-k-12-education/stages-and-streams-of-school-education
https://www.government.ae/en/information-and-services/education/school-education-k-12/joining-k-12-education/stages-and-streams-of-school-education


231 

 

 

 

 

 

 

Yuksel, T., Rebello, N., & Bryan, L. (2017, July 26-27). Model-based inquiry vs. 

Traditional computer simulation-based instruction: Which can better help 

students construct the quantum-mechanical model of an atom?. Paper 

presented at Physics Education Research Conference 2017, Cincinnati, OH. 

Retrieved January 9, 2021, from 

https://www.compadre.org/Repository/document/ServeFile.cfm?ID=14668&

DocID=4845. 

Zacharia. (2007). Comparing and combining real and virtual experimentation: an effort 

to enhance students’ conceptual understanding of electric circuits. Journal of 

Computer Assisted Learning, 23(2), 120-132. 

Zacharia, Z., & Anderson, O. R. (2003). The effects of an interactive computer-based 

simulation prior to performing a laboratory inquiry-based experiment on 

students’ conceptual understanding of physics. American Journal of 

Physics, 71(6), 618-629. 

Zhou, M., & Brown, D. (2015). Educational learning theories. Education Open 

Textbooks, Book 1. Retrieved from http://oer.galileo.usg.edu/ education-

textbooks/1 



232 

 

 

 

 

 

 

List of Publications  

 

Tairab, H., Al Arabi, K., Rabbani, L., & Hamad, S. (2020). Examining Grade 11 

science students’ difficulties in learning about vector operations. Physics 

Education, 55(5), 055029. DOI: 10.1088/1361-6552/aba107 

Alarabi, K., Al Wardat, Y. (2021). UAE-based Teachers’ Hindsight Judgments on 

Physics Education during the COVID-19 Pandemic. Psychology and Education 

Journal, 58(3), 2497-2511. DOI: https://doi.org/10.17762/pae.v58i3.4283 



233 

 

 

 

 

 

 

Appendices 

Appendix A: The first version of the two-tire MCQ 
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Appendix B: The two-tire MCQ after revision 
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Appendix C: Jury of Referees for Validating NSLMAT 

Name  Current Job  Qualification   

1. Prof. Hassan 

Tairab    

College of Education, UAEU Professor / Curriculum & 

Instruction 

2. Dr. Ehab 

Malkawi 
College of Science, UAEU Associate Professor /Physics 

3. Dr. Abdellateef 

Alqawasmi 

Science Lead Teacher, MOE, 

UAE 

PhD in Curriculum & 

Instruction 

4. Dr. Yahya Al-

Ossaily 

Educational supervisor, 

MOE, Jordan 

PhD in Curriculum & 

Instruction 

5. Zakiah Ali Al 

Disi 

Academic Quality 

improvement officer, MOE, 

UAE 

Master’s in education 

6. Jamal Bani 

Younes   
Teacher, MOE, UAE Master’s in physics 

7. Nitin Kumar 

Tyagi 
Teacher, MOE, UAE Master’s in physics 

8. Aziza Alazizi Teacher, MOE, UAE Bachelor’s in physics 

9. Iman Jaradat  Teacher, MOE, UAE Bachelor’s in physics 

10. Latifa Al Neyad Teacher, MOE, UAE Bachelor’s in physics 
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Appendix D: The last version of the two-tire exam 
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Appendix E:   Test judging results 
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Appendix F: Permission from TOSRA Authors 
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Appendix G: Subscale of Test of Science-Related Attitude (TOSRA) 
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Appendix H: Permission to use PhET 
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Appendix I: Formal Permission from ADEK 
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Appendix J: Newton’s Second Law of Motion Worksheet 
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Appendix K: Student’s Consent Form  
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Appendix L: Parent’s Consent Form 

 

Dear Parents: 

 We would like to inform you that your child will participate in a research study 

to explore the Impact of Computer Simulations on UAE Students’ Learning of 

Newton’s Second Law of Motion and Attitudes toward Physics within the Context 

of Scientific Inquiry Instruction. The students will study one unit using Computer 

Simulation and he/she will be targeted to respond to Pretest and Posttest to 

measure physics achievement and a survey to measure their attitudes toward 

physics. Participating in this survey is voluntarily and student’s data will be used 

for research purposes.  The collected data will be confidential and anonymous and 

used only for the research purposes. It is interesting to state that the study may 

raise the students’ awareness to the learning physics and attitudes items. 

If you approve of your child participation in the study, please 

complete the following and return this letter to the school.  

 

_________ I approve                                          __________ I DO NOT approve 

 

Parent’s Signature: ___________________________                                                                  

 

Thank you, 
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Appendix M: Newton’s Second Law of Motion Lesson Plan Template 

5 E (Inquiry–based Lesson Plan)   
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Appendix N: The UAEU College of Education Approval 

  



284 

 

 

 

 

 

 

Appendix O: The UAEU Social Sciences Research Ethics Committee Approval 

 


