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Software design and how it affects the self-efficacy of 8th grade students when learning the concept of energy in the Physics classroom.
This paper has a two-fold objective: first, to present the design and development of a software tool that will strengthen 8th grade students’ self-efficacy as they’re taught the concept of energy, and second, conduct initial field research to measure the tool’s performance on enhancing said students’ self-efficacy. The VPython programming language was used to write the software’s code which was then integrated on platform Glowscript, and in turn allowed students to build 3D physics models which helped them better understand their experiments. Students constructed mechanical analogues by strictly observing the same laws of physics as presented in their curriculum, however with a more natural undertone to give them the impression that their experiments were taking place in real time. Worth noting is that the software is equally well suited for distance education. Students enrolled in the 2016-2017 and 2017-2018 academic years, attending a Greek public school and taught in a real classroom setting used the software to learn about the concept of energy during a Physics class. The study included an experimental and control group.
Introduction
The use of computers and Information and Communication Technologies (ICT) are especially helpful when teaching Hard Sciences. ICT features are diverse and particularly useful when coupled with relevant scenarios and teaching aids, they encourage students to build scientific foundations, acquire knowledge and skills in order to better understand real situations and successfully solve everyday problems.
In physics class particularly, computer simulations are applications of special interest because they can support powerful modelling environments that integrate physics concepts and processes (Jimoyiannis & Komis, 2001), and allow students to work with means that are extremely difficult to recreate in the classroom or the standard physics lab (Jimoyiannis, Mikropoulos & Ravanis, 2000). To this end, virtual environments tailored to teach science modules have been designed, developed and evaluated. For instance, Mikropoulos et al. (2003) published a paper on the design, development and evaluation of an educational virtual environment to teach biology. Bakas & Mikropoulos (2003), in their work, presented the design of virtual environments to understand planetary phenomena in response to students’ beliefs. Jimoyiannis, Mikropoulos & Ravanis (2000), having identified student beliefs and cognitive constraints on kinematic concepts presented the effects of computer simulations on students’ alternative conceptions regarding velocity and acceleration.
How to best teach the concept of energy has been a topic of interest for researchers over several decades now. Energy is a key element as it’s considered an essential building block in Physics and students often encounter many challenges in attempting to understanding it (e.g. Goldring & Osborne, 1994, Jewett, 2008, Millar, 2014).
It’s introduced for the first time in 8th grade, i.e. junior high school, and students encounter several difficulties as the concept is taught, mainly when having to complete theoretical exercises and solve problems. This learning block is due to poor connections made between the subjects of physics and mathematics. As a result, students feel inadequate, and often defeated which in turn negatively affects their self-efficacy.
Self-efficacy refers to ‘an individual’s belief in his or her capacity to execute behaviors necessary to produce specific performance attainments’ (Bandura, 1986, p. 391). Moreover, self-efficacy is an essential belief since, as Bandura (1984, p. 251) points out, “it touches, at least to some extent, everything we do.” In a school context, we specifically refer to Academic Self-Efficacy, which reflects the beliefs maintained by an individual in an educational setting and refers to judgments of personal capability to organize and execute a course of action to attain a set goal (Zimmerman, 1995).
As for Science Self-Efficacy (SSE), it declines sharply during secondary education, due to the difficulties encountered by students (Barth et al. 2011; Rice, Barth, Guadagno, Smith & McCallum, 2013, Rittmayer & Beier, 2008). Several studies have shown that self-efficacy is in fact a predictor of student performance as it significantly impacts learning motivation (Britner & Pajares, 2006; Lau & Roeser, 2002, Lee, Hayes, Seitz, DiStefano & O’Connor, 2016, Jansen, Scherer & Schroeders, 2015, Valentine, DuBois & Cooper, 2004). Findings show that students with a high SSE are more likely to actively engage in hard science lessons, take part in similar activities, consistently complete their homework, and persevere when faced with challenging goals. Students with low SSE however avoid participating in activities and easily give up when they run into learning blocks. It has also been found that successful experiences increase self-efficacy, while unsuccessful ones reduce it (Usher & Pajares, 2009b).
There are four main sources of personal self-efficacy beliefs and they stem from information derived from different environments, one of which is school (Bandura, 1986, 1994, 1995, 1997, Pajares, 2002). These four sources are:
· Mastery experiences
· Vicarious experiences
· Social persuasion
· Physiological and emotional state
According to Bandura (1982, 1997), personal experiences are deemed the most important source of self-efficacy. This is also supported by Pajares (1996) as well as Pintrich & Schunk (1996), according to whom there is nothing more effective in shaping self-efficacy than personal experiences. The impact of personal experiences on self-efficacy is also further endorsed by research data from Britner & Pajares (2006), Lent & Lopez (1992), Pajares et al (2007) and Usher & Pajares (2006). In brief, the successful execution of a specific assignment provides genuine evidence of a person’s ability and boosts self-efficacy, whereas failure undermines it.
The objective of the software tool is to shape and enhance self-efficacy by fostering these 4 sources as the concept of energy and related elements are taught. The units covered include work done by a constant force, potential energy, kinetic energy, and the conservation of mechanical energy. The software was used in a real school setting, during a Physics class over the 2016-2017 and 2017-2018 academic years and contributed to the positive personal experiences of students. Worth bearing in mind is that the software can be used in both contemporary and conventional distance education.
We now describe in detail the software’s design, methodology and implementation and the findings generated from the statistical analysis.
Software development.
The graphical programming of applications with a three-dimensional display of the outcome created the experimental analogues. The objective was to obtain an accurate output of the natural analogue and confirm that the experimental process was in fact understood by students, as well as ensure the teacher’s ability to interact with the tool in order to lead and deliver the lesson.
The tool used to conduct the experiments was open source platform GlowScript with programming language VPython. More specifically, VPython was selected for the following reasons:
· Its generous handling capabilities of graphics
· Its available libraries on the mechanical analogues of moving physical bodies and vectors allowing to visualize the experimental process
· Its display of student results after calculations performed with equivalent physical models
· Its ability to configure input data
With the above features, it is possible to create a “controlled ideal environment” for students to repeat their experiments.
The GlowScript development platform was selected because the final output can be displayed on a web platform if requested, due to its flexible export capabilities. Additionally, experiments can be easily repeated or modified. 
Final exported results are integrated to a website and user instructions as well as information about each example are displayed. The executable files were exported in Javascript ensuring a user-friendly display on most browsers (The latest versions of Google Chrome were recommended, dated 15/01/2017 where a seamless display was assessed). Also worth pointing out is that the source code is available for each example on the GlowScript platform allowing anyone to read and modify it, if required to extend the work to other subject areas.
GlowScript and VPython are open source products used under their respective license terms and were selected for their seamless distribution, teaching usability and research purposes.
Links to all projects that contributed to generating the result are found below.
· Google Chrome Browser:  https://www.google.com/chrome/browser/desktop/
· Glowscript programming platform: http://www.glowscript.org/
· VPython programming language: http://vpython.org/
Software specifications
The software was developed with programming language VPython and integrated on platform Glowscript where students can create 3D physics models to better understand their experiments. In addition, the mechanical analogues built strictly observe the laws of physics taught to students but with a more natural undertone giving them the impression that the experiment is taking place in real time. In addition to the fact that three dimensional mechanical analogues are uncommon in the field of education, one essential and unique feature of this software stands out. At the time of the experiment and prior to it, students, using their mouse only, can move within the experiment’s field and observe its process, as if the they were present in the experimental space.
The platform also monitors the experiment and performs measurements leaving little doubt as to whether a student follows or understands.
The 3D mapping of the experiments as well as the student’s direct engagement using their mouse only, made the process both user-friendly and enjoyable as students saw it as a game. As mentioned, the Glowscript platform is open source and with minimal training students can access the experiment, make changes to the application and create their own mechanical analogues. Training students is straightforward. A very simple pseudocode uses an object-oriented structure that describes the experiment’s objects in simple layman terms. This feature of the application is one of a kind in the field of education as it is open code and exports a simple executable file that does not allow any user processing and converts the mechanical analogues experiment into a process that allows the user to repeat the same model.
Finally, the application runs on a simple browser where no special installation is required, it creates a personal account for users (i.e. students) and saves all experiments. It can be accessed from any computer as the entire software runs on the cloud. A final feature is that the software can be used with any google account that users can create after accepting Google’s terms on personal data protection.
Software structure and module content
The software includes 4 main units:
I. Work done by a constant force,
II. Kinetic energy
III. Potential energy
IV. Mechanical energy
Students were given a worksheet with detailed instructions on how to use the software and navigate the software environment and at the end of each unit, students had to complete single worksheets. The software included virtual experiments, with three-dimensional imaging, through which students were able to understand how the experiment unfolds in each case. Specifically:
· Students understood that work proportionally depends on power and specifically for constant movement. By shifting the force only, students determined the work of the individual forces. Then, with the software-generated data and help of Microsoft Excel, they created a graph and concluded that work is proportional to power under constant movement.
· By varying the values ​​of movement but keeping the force constant, with the help of a graph (as above) students found that work is proportional to movement.
· They were able to choose the level of friction in their experiment and understand that a force acting opposite a movement produces negative work.
· For the kinetic energy unit, students had the opportunity to perform several measurements and created graphs to understand the dependence of kinetic energy on mass and velocity. They measured the kinetic energy of 3 different gearboxes at the same speed, and using the data created a graph in excel to observe how kinetic energy changes according to mass.
· For the potential energy unit, students assessed the dependence of potential energy on location, body mass and space (by selecting to perform the experiment on the moon, where gravity accelerates at a slower pace). Specifically, by shifting the height only while keeping the mass constant, and after using the data to create a graph, students concluded that potential energy is proportional to height. Similarly, they studied the dependence of potential energy on height. Choosing to execute the simulation on the moon where the acceleration of gravity was adjusted to 1/6 in relation to that on earth, students concluded that potential energy depends on the acceleration of gravity.
· In the mechanical energy unit, students observed that kinetic and potential energy change as a body falls.
The following screenshots are from the software environment, namely: Screenshot 1, 2: Work done by a constant force Screenshot 3 Kinetic energy, Screenshot 4, 5 Conservation of mechanical energy.

[image: ][image: ]Screenshot 1 work done by a constant force
Screenshot 2 work done by a constant force (adjusting the angle)
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Screenshot 3 Kinetic energy
Screenshot 4 Conservation of mechanical energy
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Screenshot 5 Conservation of mechanical energy


Appendix A: group worksheet of the work unit 
Methodology
A total of N = 110 students for the experimental group and N = 96 students for the control group participated in the study. The experimental group only used the software. Students worked in small groups of 4. Each teaching unit included individual and group worksheets. The following table shows the student characteristics in detail.
	Participants
	Experimental group
	Control group

	
	Academic year: 2016-2017
	

	Boys
	26 (55,3%)	
	28 (50,9%)

	Girls
	21 (44,7%)
	27(49,1%)

	
	Academic year: 2017-2018
	

	Boys
	32 (50,8%)
	22 (53,7%)

	Girls
	31 (49,2%)
	19 (46,3%)

	Total number of students
	Ν=110
	Ν=96



To measure self-efficacy, Bandura (1997, 2006) provides the necessary guidelines to draw up self-efficacy measurement tests in order to determine a student’s assessment of his/her abilities, i.e. the degree of confidence in his/her ability to organize and perform the actions required to achieve specific objectives. Self-report questionnaires are used to measure the student’s perceived ability to perform specific actions and in the present study all students were given a self-report questionnaire consisting of 13 statements. Students were asked to what extent they felt capable of measuring work in order to apply the theoretical framework of the concept of energy. A Likert-type four-point scale was used where students were asked to answer on a scale of 1 to 4 if they agreed or disagreed with each statement. A value of 1 (I completely disagree) corresponds to the lowest value of the self-efficacy index and a value of 4 (I totally agree) to the maximum value of the index. The questionnaire was based on existing surveys in addition to the Bandura guidelines mentioned above after appropriate adaptation (Pintrich & De Groot, 1990, Science Motivation Questionnaire, Glynn et al, 2007; Tuan, 2005). The following was investigated.
• To what extent do students feel capable of solving specific problems on the concept of energy and related elements (1st source of self-efficacy).
• To what extent do students feel capable of making connections between the content in the energy unit and previous knowledge acquired in their physics lessons, and to what extent do they believe they have a better understanding of this unit compared to others taught in their physics class? (1st source of self-efficacy).
• To what extent do they feel confident that their instructor fosters a positive image in his/her students, according to their performance in the energy module (3rd source of self-efficacy).
• To what extent can they handle the assignments, challenges and perform the expected work measurements (1st source of self-efficacy).
• In collaboration with their classmates, to what extent do they consider they can actively participate in solving a problem (2nd, 4th source of self-efficacy).
	QUESTIONS THAT MEASURE SELF-EFFICACY

	1) I am confident that I will do well in the energy module’s assessments.
2) I am confident that I can actively participate, together with my classmates, in the effort to solve an energy-related problem.
3) I am confident that I will complete the lesson with good marks.
4) I am confident that I can determine the mechanical energy of a body and understand whether or not its energy is conserved.
5) I am confident that I can solve difficult problems in the energy module without help. 
6) I feel more capable when I complete exercises in the energy module in comparison to the other units taught.
7) I am capable of making connections between the meaning of energy and previous knowledge I acquired in physics class.
8) I am confident that I can determine the work done by a constant force as a body moves, regardless if the force shifts in the same direction, opposite or perpendicular to movement.
9) I am confident that I can apply the principle of conservation of a body’s mechanical energy when solving a problem.
10) I’m confident I can properly describe the process of transferring or converting energy from one form to another for various phenomena.
11) I am confident that I can determine the kinetic energy of a body and understand the factors it depends on.
12) I don’t feel self-confident because I’m not able to successfully complete the tasks assigned by my teacher on the concept of energy.
13) I am confident that I can determine the potential energy of a body and understand the factors it depends on.




Data results and discussion.
The statistical analysis was performed with SPSS statistic software package. The Cronbach alpha factor was measured to test the reliability of the questionnaire, which was strong at 0.864. The mean self-efficacy for the experimental and control groups as well as the descriptive statistics indicators (standard deviation and standard error of the mean) were calculated. Any statistically significant difference between the two groups in self-efficacy means was evaluated using the t-test (Field, 2013).
Descriptive statistics indicators for students’ self-efficacy
	Group
	Number of students
Ν
	Mean
	Standard Deviation
	Standard Error of the Mean

	Experimental
	110
	3.3785
	0.75942
	0.07241

	Control
	96
	1.9609
	0.93454
	0,09538



Levene’s test was used to determine statistical differences. Self-efficacy was the dependent variable, while the 2 groups (experimental and control) were the independent variables. The comparison of means revealed a t (204) = 12.004, p = 0.01. Considering p = 0.01 < 0.05 this is a statistically significant result.
	F
	Sig
	t
	df
	Μean difference 
	Std. Error of the mean difference
	Lower 
	Upper

	6.827
	0.01
	12.004
	204
	1.41761
	0.11809
	1.18477
	1.65044



It should be noted at this point that the effect of each self-efficacy source was not studied separately, nor were any gender differences which shall be assessed in future research.
The use of teaching aids for difficult modules such as energy can enhance students’ self-efficacy. This finding is essential because self-efficacy plays a key role in shaping students’ attitudes toward physics. The next step will be to adapt the software for use on tablets and smartphones.
Appendix A
                                               WORKSHEET 1 
TEACHING UNIT:    WORK
DATE:
TEAM:
Instructions: Go to the folder on your desktop called “The wonderful world of energy".
After opening the folder, you will see a list of files named according to energy-related tutorials. Open the “work” file.
[image: C:\Users\user\Desktop\ΛΟΓΙΣΜΙΚΟ\Γεωργία Τόλη ΛΟΓΙΣΜΙΚΟ\Γεωργία Τόλη με λύσεις\images\ergo.png]Make sure you see this image

Read the instructions very carefully and follow the steps below:
Notice that you can change the values of force, movement and angle formed by the force according to movement. With the start and reset options you can start each measurement from the beginning.
TASK 1
Calculate the work for four different power values while keeping the movement value constant. Complete the table below:
	
	F(N)
	Δχ(m)
	W(Joule)

	1st measurement
	
	
	

	2nd measurement
	
	
	

	3rd measurement
	
	
	

	4th measurement
	
	
	



[bookmark: _Hlk41138502]Create the graph in excel
What do you notice? Discuss with your teammates and then record your views.
TASK 2 
Calculate the work for four different movement values while keeping the power value constant. Complete the table below:
	
	F(N)
	Δχ(m)
	W(Joule)

	1st measurement
	
	
	

	2nd measurement
	
	
	

	3rd measurement
	
	
	

	4th measurement
	
	
	



What do you notice? Discuss with your teammates and then record your views.   
Create the graph in excel
TASK 3 
Choose the friction force. For two different movement values, fill in the table below.
	
	F(N)
	Τ(Ν)
	Δχ(m)
	WF(Joule)
	WT(Joule)

	1st measurement
	
	
	
	
	

	2nd measurement
	
	
	
	
	



What do you notice? Discuss with your teammates and then record your views.   
TASK 4 
Adjust the angle between force and movement to 60° and repeat the previous task to complete the table below.
	
	F(N)
	Τ(Ν)
	Δχ(m)
	WF(Joule)
	WT(Joule)
	WΝ(Joule)

	1st measurement
	
	
	
	
	
	

	2nd measurement
	
	
	
	
	
	



What do you notice? Discuss with your teammates and then record your views.    
TASK 5 
After discussing with your teammates, be sure to record your main conclusions to the best of your belief.
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