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Abstract  
This research proposes and explores an approach to develop students’ interest in physics and shape 
their perception of physics as a subject they would like to study in the future. We chose to teach 
physics in a robotic environment because robotics has become a valuable tool to facilitate STEM 
education of students of all ages. The study focused on middle school seniors, before they choose 
major high school subjects. An outreach workshop "Physical experiments in a robotic environment" 
was given to 27 ninth graders at the Technion Center for Pre-University Education and to 25 ninth 
graders in a comprehensive school. The students learned physical concepts such as force, velocity, 
acceleration, power, etc. through experimental activities in a robotic environment. Our research aimed 
to reveal if and how the workshop contributed to students' understanding of the importance of physics 
in solving practical problems, their learning skills in physics, and attitudes towards studies of the 
subject. The research was a participatory study using quantitative and qualitative methods. We 
analyzed the worksheets in which the students reported the learned physical principles and their 
implementations in the robotic experiments. We also administered questionnaires knowledge and 
attitude questionnaires before and after the workshop. Positive results of the study indicate the 
potential of the proposed approach and the desirability of its further exploration.  
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1 INTRODUCTION 
The aspiration of the education system to increase the number of students choosing to study physics 
in high school raises the question of how to make physics, as a school subject, more attractive for 
middle school students. In the literature on physics education there is a discussion about possible 
ways of developing students' positive perceptions of physics as a future subject of study. Many 
researchers have examined the subject to understand the students' attitude towards physics, their 
awareness of its importance and their opinions about the value of the knowledge of physics. One can 
find recommendations as to how to increase students’ interest in physics, they can be summarized as 
follows: to expose the students to this subject at an early age, especially in the secondary school, in 
an experiential and enjoyable way; reduce concerns about the difficulty of studying physics; and 
create a sense of success and emphasize the contribution of physics studies to the future. [1], [2] 

While most of the existing studies implement the abovementioned recommendations in physics 
classes, our research explores the way to apply them by engaging students in making physical 
experiments in robotic environments. We chose to teach physics in a robotic environment because 
over the past decades robotics has attracted teachers and researchers as a valuable tool to develop 
cognitive and social skills of children ranging from pre-schoolers to high school students. It has been 
demonstrated that experience in robotics supports interdisciplinary learning of science, technology, 
engineering, and mathematics. [3], [4], [5], [6], [7], [8] 

Robotics educators point out that integrating robotics activities in science curriculum can help students 
in science and technology studies, facilitate conceptual understanding of physics principles and 
development of problem-solving and teamwork skills. [9], [10], [6] During experimentation in a robotic 
environment the student copes with real robotics problems related to different physical phenomena. 
Through this practice the student constructs knowledge in robotics and in physics.  

Education Robotics creates a learning environment where students can interact with the environment 
and work with problems from the practical world. In this sense robotics can be a great tool for students 
to bring them into the world constructivist learning experiences. [3] From the constructionist 
perspective students learn when they are involved in the construction of and experimentation with 
robots that serve the objects-to-think-with. [7], [11], [12], [13] The robot serves as the focus of thought 
and subject to research and communication. Furthermore, during an experiment in a robotic 
environment, the student deals with practical robotic problems related to various physical phenomena. 
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In this research we try to organize robotics experimentation so that to foster learning physics concepts 
and using them to solve robotics problems. Church and his partners argue that learning physical 
concepts through robotic systems enables students to combine scientific research with engineering 
design and apply their knowledge. When students explain and demonstrate their activity, they deepen 
their knowledge and self-confidence. [4]  

2 METHODOLOGY 

2.1 Research goal and questions 
The goal of the educational study was to develop and examine an approach which aims to increase 
the motivation of nine-graders to study physics in high school with the help of an enrichment workshop 
in robotics. 

The research questions: 

1 If and how can nine-grade students develop an understanding of the importance of physics as a 
basis for solving practical problems through participation in a robotics workshop? 

2 If and how does students' experience in a robotics workshop contribute to the development of 
learning skills in physics? 

3 Is there a change in the students' attitudes towards the studies of physics at school following the 
workshop experience? If so, what is the change? 

This research is a multi-case participatory study in which the researcher also serves as an instructor in 
the workshop "Physical Experiments in a Robotic Environment".  

2.2 The workshop 
The workshop outline is presented in Table 1. It consisted of 12 laboratory sessions, each session 
lasted 100 min. The sessions included short lectures, hands-on experimentation, and a mini project. 
During a specially designed workshop, students learn physical concepts such as force, velocity, 
acceleration, power, etc. from experimental activities in a robotic environment. Both workshops were 
conducted in robotics laboratories equipped by computers and LEGO NXT robot kits. 

Table 1: Syllabus of the workshop 

Topic Session 
Building a tower, testing its stability and equilibrium. Constructing a robot.   1 
Testing kinematics of the robot's  straight line motion  2 
Testing kinematics of the robot's accelerated motion 3 
Constructing a shooting component and testing ballistic movement 4 
Experiments with a robot for investigating the friction force 5 
Constructing and testing robot with transmission 6 
Experiments with a robot for power exploration and torque 7 
Building a system for investigating Hooke's law 8 
Mini project 9-12 

In the workshop the students constructed robots (Fig. 1A), solved practical problems (Fig. 1B), made 
experiments (Fig. 1C), held discussions (Fig. 1D), perform projects (Fig. 1E), and prepare 
presentations (Fig. 1F). 
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Fig. 1. Workshop activities 

2.3 Method 
The research used an approach combining quantitative and qualitative methods. The research tools 
included: a questionnaire about the workshop, a questionnaire to implement physical concepts that the 
students encountered during the workshop, and a questionnaire (Pre-Post) regarding the physics 
studies in high school and interviews. 

In order to answer the first research question, we analyzed learning worksheets distributed in each 
lesson. The students received a description of the physical principle and had to report on its 
implementation in the robotics experiment. Using the worksheets, we followed the learning process in 
which the students conducted experiments in robotics according to the physical principles. In addition, 
at the end of the workshop we administered an awareness questionnaire to check how the students 
perceive the importance of physics as a basis in robotics. In this questionnaire students reflected on 
the value of the physical principles for conducting experiments during the workshop. 

To answer the second research question, we analyzed the students' worksheets where they 
documented their experiential learning activities. We looked for evidence of learning activities that led 
to the acquisition of new physical concepts. We observed how the experiential activities beginning with 
tangible experience led the students to realize the need to understand new physical concepts. The 
realization of the need encouraged the student to learn the concept and apply it in an experiment with 
a robot. Students documented the learning steps in the worksheets. In addition, at the end of the 
workshop we conducted a questionnaire to find out physical concepts that the students encountered 
during the workshop. 

To answer the third research question, before the beginning and at the end of the workshop gave the 
students a questionnaire (Pre-Post), regarding the physics studies in high school and we checked 
whether there is any change following the experience accumulated during the enrichment workshop. 
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3 RESULTS 

3.1 Understanding the importance of physics as a basis for solving practical 
problems 

In the post-workshop attitudes questionnaire, the students were requested to evaluate the contribution 
of the workshop to their understanding of the importance of physics as a basis for solving practical 
problems related to understanding the physical phenomena, and particularly in robot mechanics, 
programming, and communication. The answers are summarized in Table 2, presenting the 
percentage of students who evaluated the contribution as significant or high.  

Table 2: Understanding the importance of physics for solving practical problems. 

Group Understanding 
phenomena 

Mechanics of 
the robot 

Robot 
programming 

Sensor-controller-computer 
communication 

Outreach 1 (N= 10) 100 90 100 90 

Outreach 2 (n= 17) 100 82 100 59 

School (N= 21) 95 86 81 71 

The table indicates that the absolute majority of the students participated in the workshop at the 
Technion and at school highly appreciated its contribution to the understanding the role of physics in 
solving practical problems. The contribution to solving problems of communication is lower than to 
robot mechanics and programming which are more closely connected to physics,  

The presented finding is supported by the qualitative evidence of the notes made in the researcher's 
logbook, of the comments given by the instructors who made observations of the workshop sessions, 
and of the reflections given by the students. For instance, the comment of the assistant instructor who 
attended the fourth session of the workshop for the Outreach 2 group: 

"At the end of the session students were so interested in the subject that did not want to 
leave the class. They asked to expand the study of ballistic movement and present more 
examples of its practical applications." 

From the researcher's records made in the 11th session of the School group: 

"In the experiments with robot car movements the students found that the wheels of the 
car slipped. To prevent slipping, they increased the weight of the car. They substantiated 
the solution by saying that in this way they increase the friction force." 

From the reflections, one of the students said:  

"In this workshop, at each meeting we solved another problem by applying the principles 
of physics." 

3.2 Workshop contribution to the development of skills 
Other questions of the post-workshop attitudes questionnaire asked the students to evaluate the 
workshop contribution to the development of skills. The percentage of students who evaluated the 
contribution as significant or high is presented in Table 3.  

The table shows that the absolute majority of the workshop participants highly positively evaluated its 
contribution to the development of their thinking and applied problem solving skills. In order to 
substantiate the findings, we conducted Alpha Cronbach's tests for the three groups of participants. 
The test results α = .882 for the Outreach 1 group, α = .820 for the Outreach 2 group, and α = .751 for 
the School group indicated high internal reliability of the questionnaire. 

Here are some excerpts from the relevant qualitative data. In the records on the second session in the 
School group the researcher noted:  

"The students had difficulties in conducting experiments, particularly in using measuring 
tools, processing and analyzing data, and presenting results them." 
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Table 3: Contribution of the workshop to the development of skills. 

Group 
Skills 

Outreach 1 Outreach 2 School 

Creative thinking 90 76 76 

Scientific thinking 80 94 90 

Practical performance 80 88 90 

Understanding real problems 90 94 81 

Solving real problems 80 88 81 

Identifying parameters and their 
dependencies 76 76 73 

Making and analysis of graphs, 
tables, and models 81 90 81 

From the comments of the instructors who attended the workshop sessions at the Technion: 

"Throughout the workshop we saw gradual skills development, such as physics research 
skills." 

This comment supports the records made by the researcher who observed gradual development of 
the targeted skills in the students. If in the first sessions, detailed explanations and close guidance 
were needed, in the further sessions after getting general explanation the students self-dependently    
conducted the experiments. They collected and analyzed on the computer the experimental data, 
compiled the findings, and prepared effective reports.  

3.3 Students' attitudes towards learning physics 
Before and after the workshop, the students were asked to evaluate their motivation to learn physics in 
high school on the 5 point Likert scale, from 1 (no motivation) to 5 (strong motivation). The means and 
standard deviations of the answers given by the three groups of participants are presented in Table 4. 

Table 4: Motivation to learn physics in high school before and after the workshop 

Group 
Item 

Outreach 1 Outreach 2 School 

Pre Post Pre Post Pre Post 

I have motivation to learn 
physics in the future 

M 3.90 4.50 4.12 4.76 3.67 4.33 

SD 1.30 0.67 1.13 0.55 1.28 1.08 

Physical phenomena 
intrigue me 

M 4.00 4.50 4.00 4.71 3.76 4.38 

SD 1.26 0.67 1.33 0.57 1.23 0.79 

I like to study physics M 3.90 4.70 4.18 4.59 3.86 4.38 

SD 1.22 0.46 0.92 0.60 1.58 0.95 

I am interested in physics 
beyond what is taught in the 

curriculum 

M 3.60 4.20 4.18 4.76 3.67 4.33 

SD 1.36 0.98 1.04 0.55 1.36 0.89 

The results presented in the Table 4 indicate an increase in the level of student motivation to learn 
physics after the workshop compared with that before the workshop. This advance is observed in all 
three groups along with a reduction in the spread of students' evaluations. 

To test the hypothesis that after the workshop students' motivation to learn physics increased 
significantly, we performed paired samples t-tests for the three groups of students and for the four 
statements noted in Table 4. Results of the tests are presented in Table 5.  
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Table 5: Results of paired samples t-test – motivation to learn physics 

Items 
Outreach 1 Outreach 2 School 

t (10) P(T<=t)  t (16) P(T<=t)  t (20) P(T<=t) 

I have a motivation to learn 
physics in the future -1.96 0.08 -2.18 0.04 -3.16 0.00 

Physical phenomena intrigue me -1.46 0.18 -2.22 0.04 -2.77 0.01 
I like to study physics -2.45 0.04 -2.13 0.04 -1.92 0.07 

I am interested in physics beyond 
what is taught in the curriculum -1.50 0.17 -0.79 0.01 -3.35 0.00 

Significant increase in students' motivation to learn physics was found for all four statements in the 
Outreach group 2, p<.04 and in the school group. In the Outreach group 1 that included only 10 
students the increase was found significant for only one of the statements. 

In a similar way we evaluated students' perception of the importance of physics studies before and 
after the workshop. The means and standard deviations of the answers given by the three groups of 
participants are presented in Table 6. 

Table 6: Perception of the importance of physics studies before and after the workshop 

Group 
Item 

Outreach 1 Outreach 2 School 

Pre Post Pre Post Pre Post 

I plan to study high-level physics in 
high school 

M 3.70 4.30 4.24 4.88 3.62 4.43 

SD 1.27 0.90 1.21 0.32 1.59 0.79 

I think if I decide to study physics 
then I will succeed 

M 3.10 4.20 4.24 4.76 3.90 4.33 

SD 1.37 0.75 0.94 0.42 1.15 0.84 

It is important for me to study physics 
in the future 

M 3.80 4.60 4.12 4.76 3.76 4.29 

SD 1.17 0.66 1.02 0.55 1.34 0.76 

I want to study physics and get a high 
grade in order to be accepted to 
university in a field that interests me 

M 3.90 4.50 3.94 4.76 4.19 4.52 

SD 1.22 0.81 1.16 0.55 1.22 0.73 

I want to study physics in order to 
integrate into a profession that 
interests me in the job market 

M 3.50 4.30 3.71 4.65 3.71 4.29 

SD 1.28 0.90 1.23 0.68 1.61 0.93 

Table 6 indicates that students' perceptions of the importance of physics studies after participating in 
the workshop were higher and the spread of opinions was lower than before the workshop. To check if 
the increase is significant, we again used paired samples t-test. We conducted the test for the three 
groups of students and for the five statements presented in Table 6. Results of the tests are presented 
in Table 7.  

Table 7: Results of paired samples t-test - perception of the importance of physics 

Items 
Outreach 1 Outreach 2 School 

t (10) P(T<=t)  t (16) P(T<=t)  t (20) P(T<=t) 

I plan to study high-level physics in 
high school -2.25 0.05 -2.18 0.04 -3.78 0.00 

I think if I decide to study physics 
then I will succeed -2.18 0.05 -2.17 0.04 -1.83 0.08 

It is important for me to study 
physics in the future -2.45 0.04 -2.39 0.02 -2.45 0.02 

4771



I want to study physics and get a 
high grade in order to be accepted to 
university in a field that interests me 

-1.96 0.08 -2.76 0.01 -1.58 0.13 

I want to study physics in order to 
integrate into a profession that 
interests me in the job market 

-2.75 0.02 -2.99 0.01 -2.08 0.04 

As follows from the table, the significant increase in all three groups was found in the students' 
intentions to study physics in high school, in understanding the importance of these studies for their 
future profession. The increase in the confidence to succeed in the physics studies was found 
significant for the Outreach groups but not for the more heterogeneous School group. The increase in 
understanding the importance of the studies for university admission was significant only for the 
Outreach 2 group and not for the small Outreach 1 and heterogeneous School groups.   

To support the quantitative results, we conducted personal interviews and asked students about their 
reasons for choosing or not choosing to pursue physics studies. The majority of the students noted 
that due to the robotics workshop they perceived the importance of physics for solving practical 
problems.  

4 CONCLUSIONS 
Our case study shows the feasibility of the proposed approach to develop motivation of middle school 
students to learn physics in high school through engaging them in robotics experimentation. 

The practical importance of the study is that it offers a model for a robotics workshop which 
incorporates learning physics and motivates toward the subject by presenting its importance for 
solving practical problems and providing a joyful learning environment. The workshop is based on 
hands on activities in construction and programming robot systems, and physical experiments with the 
systems. The developed robotics workshop can be used in other outreach and after school programs. 

Regarding the theoretical contribution, the study adds to the discussion in physics education literature 
on possible ways to develop students' positive perceptions of physics as a future subject of study. 
Most of the methods discussed in literature are based on disciplinary models and are related to the 
development of curiosity about physical phenomena. This research shows the feasibility of developing 
these positive perceptions through learning activities in the robotic environment. Our research findings 
indicate that learning physics in the robotic environment can help students to understand the value of 
physics in solving real life problems and facilitates development of physics learning skills. 
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