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Abstract – 
The use of robotics in construction projects is still 

in its infancy despite the opportunities that robots can 
present to the improvement of construction practices. 
One of the strategies to effectively increase the 
reliance on robots in construction is increasing the 
knowledge and improving the educational programs 
about robotics for university students. This paper 
contributes to the ongoing efforts around the world to 
improve the teaching methods about construction 
robotics through the presentation of a novel method 
that is called “Imagine and Make”, in which students 
learn how to integrate robotics in different aspects 
and practices in construction projects. The method 
has been applied at Centrale Lille in France since 
2018. The results of the application of “Imagine and 
Make” in the first semester in 2021-2022, evaluation 
by students, and teaching outcomes are reported in 
this paper.   
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1 Introduction 
Poor productivity, resistance to adopting technology, 

shortage of skilled workers, and poor quality are amongst 
the most serious challenges that face the construction 
industry [1–4]. Studies showed that while many sectors 
(e.g. manufacturing) are witnessing a noticeable increase 
in productivity rates, productivity has been decreasing in 
the construction industry for years [1]. Additionally, the 
industry is threatened by the decreasing numbers of 
skilled young laborers. Research reported difficulties in 
replacing aging and retiring laborers in construction 
projects and resistance by the young workforce to enter 
the sector due to the great physical efforts while 
performing repetitive and difficult construction activities, 
high levels of injuries, and poor safety standards [5], [6].  

Robotics can contribute to providing solutions to face 

these difficulties. This is because robots can be integrated 
into countless activities and provide workers with 
assistance to manage dangerous activities and perform 
repetitive tasks [3], [7–15]. The use of robots in these 
activities may not only contribute to productivity and 
efficiency improvements but also may help to improve 
safety standards and to attract more workforce to enter 
the construction industry and face the workforce 
shortages problems [6]. Moreover, the use of robots in 
construction operations can help to improve the precision, 
speed, and quality of construction work and avoid defects 
due to the use of advanced technologies (e.g. sensors, 
laser-based methods…etc.) [3], [16–18]. 

Nevertheless, despite the presence of some studies 
that expect a remarkable increase in robots’ use in the 
construction projects in the next few years [6], and 
despite the presence of some cases in which robots were 
used on construction sites since the 1980s [4], robotics 
face several barriers to be normalized in the construction 
industry and their adoption levels in the industry are still 
very low. In addition to the impact of the cost and time-
related barriers, the lack of sufficient knowledge about 
new managerial principles and technological advances, 
lack of skilled team, resistance to change and to adopt 
new practices and technologies by managers and 
employees, and poor leadership are amongst the most 
affecting factors to adopt robotics in the construction 
industry [19–25]. 

The role of educators in educational institutes is not 
only to provide higher levels of knowledge about 
advanced concepts, technologies, and construction 
practices but also to prepare future leaders who can create 
and lead the transformation and reduce the resistance to 
change. Nevertheless, the literature still has only a 
limited number of studies that reported construction 
robotics teaching experiences for students [6], [26–28]. 

Within the scarcity of the studies about robotics 
teaching in the field of construction, this paper tries to 
contribute to the efforts that have been made so far and 
aims to report an experience about the use of a method 
that is called “Imagine and Make”. This method was used 
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to deliver training about construction robotics for 
students at a school of engineering “Centrale Lille” in 
France. The following section presents the materials and 
methods of the study by explaining the bases of “Imagine 
and Make”, the design of the study, the participants in the 
study, and the evaluation of the results. Then, the paper 
reports the prototypes and the results of the study. Finally, 
the paper reports the conclusion, implications, limitations, 
and direction for future research.  

2 Materials and Methods 
This section explains what is “Imagine and Make” 

and shows how it was developed, the theoretical basis 
behind it, how it is usually organized, and what are the 
evaluation criteria that are used to evaluate the provided 
projects by students. The section also explains the design 
of the current study, the participants, and the used 
methods to evaluate the effectiveness of “Imagine and 
Make”. 

As part of previous research, the authors of this paper 
have done extensive research in developing a systems 
engineering framework for the holistic development of 
novel construction robot applications [29–31]. The 
authors have tested this framework as part of several 
industry-grade and research-grade robot development 
projects (for example, [32]). The work presented in this 
paper, states an attempt to translate the gained 
experiences in tune with project-based, iterative state-of-
the-art teaching methodologies (for example, [33], [34]) 
into a hands-on teaching methodology. The development 
of construction robots needs to follow a systematic 
approach since it is conducted in an extremely 
interdisciplinary and complex area in which the lack of 
data and previous experience poses a high risk for 
developers and investors.  
 
Through “Imagine and Make” students shall learn to 
understand the underlying value chains of innovation 
processes. After the participation in the course, they shall 
be able to handle actively a complex process that 
interlinks and iterates between analytical thinking, 
abstract planning skills, project-based integration, and 
technology transfer strategies. As such the students will 
be able to initiate and guide digital, robotic innovation in 
the organizations for which they will work in the future.  

2.1 What is “Imagine and Make” 
Centrale Lille is a graduate engineering school that is 

located in the north of France and has roots that go back 
to 1854. The school has different engineering programs 
for master’s students and doctoral candidates. The 
Centralien Engineering Programme is the teaching 
program that gathers students who finished two/or three 
years of undergraduate studies and allows them to spend 

three years and get a master’s degree in engineering.  
In 2018, Centrale Lille started a new teaching method 

that is called “Imagine and Make” for its students in the 
Centralien Engineering Programme. This method is 
based on gathering students for one week (five working 
days) and allowing them to work on a selected topic 
during this week. 

The targeted topic for the last three years was 
construction 4.0. In this module, students have 
opportunities to have lectures about construction 4.0, 
read and see some practical examples, interact with 
experts from research and industry, work in teams, make 
prototypes, and present the results of their work. 
Accordingly, students have the chance to learn from: 
- Lectures 
- Reading materials 
- Audio-visual tools 
- Demonstration 
- Discussion within the team and with experts 
- Conducting research 
- Practicing by doing prototypes 
- Presenting their results 

The lectures are mainly divided into two types of 
lectures; the first one is the introductory lecture, which 
aims to explain the overall structure of “Imagine and 
Make”, objectives, and evaluation criteria for the 
prototypes (3 hours). While the second type of lecture is 
presentations that are provided by experts from industrial 
partners (9 hours). The lectures provide students with 
audio-visual tools, some useful references, success 
stories, and practical examples about some new 
managerial principles and technological advances in the 
field of construction. Apart from the time that is devoted 
to the lectures, students have to use their time freely to 
develop their ideas (Imagine) in two days and to translate 
the idea into a physical prototype in the other three days 
(Make). 

2.2 Design of the study 
Figure 1 shows the structure of “Imagine and Make”. 

The discussed topic for the year 2021-2022 was 
“Construction robotics”. During this year, two rounds of 
“Imagine and Make” were conducted; the first one was 
in October and the second was in November. To study 
the targeted topic, students were asked to use “Spot®” 
from “Boston Dynamics” (shown in Figure 2) as an 
example of a type of robot that can be used in the 
construction industry and to develop a prototype that 
explains one of the applications of the robot in the 
industry. Spot® is a new robot that was presented to the 
market in late 2019 and its launching was faced by the 
impact of the COVID-19 crisis; however, it has shown 
promising applications in different fields and operations 
[35–37]. Therefore, Spot® serves as a clear example of 
mobile robots that can be understood by students, and its 
use may bring positive attitudes about the usability of 
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robotics in the construction industry.  

 
Figure 1. Structure of "Imagine and Make" 

 
Figure 1. Spot® Robot [38] 

The work in the two rounds started with the reception 
of the participants (179 students: 93 in the first round and 
86 in the second round). Students were in their second 
year in Centralien Engineering Programme. 

The introductory lecture presented an introduction to 
the concepts of industry 4.0, construction 4.0, advanced 
techniques in construction management, and robotics in 
construction. It also presented some examples of the use 
of different types of robots in construction and the use of 
Spot® in other industries. It also summarizes the 
objectives of the week, the structure of “Imagine and 
Make”, the requested deliverables, and the evaluation 
criteria for the deliverables. The deliverables of the week 
and the grade given for each deliverable are as follows: 
- Physical Prototype (40%) 
- Final report (30%) 
- 3-minute video about the prototype (15%) 
- 5-minute oral presentation (pitching) (5%) 
- Business plan and annexes (10%) 
The deliverables have to address the following criteria: 
- Clarity of the design and the idea 
- Functionality of the prototype 
- Collaborative work and roles within the team 
- Sustainability and environmental impact 
- Benchmarking, originality, and relation to the 

literature and research 
- Clarity of the used methodology 
- Marketing and commercial considerations.  
During the whole week, students were able to reach eight 
experts and researchers in the fields of construction 4.0 
and project management. The role of experts included 
explaining the objectives, answering questions about 
research sources, and supervising the overall progress. 

Students were also able to get assistance from the lab of 
the engineering school (FabLab), which helped students 
to find needed materials for the prototypes and to cut and 
handle materials. 

2.3 Survey development 
In addition to the value of the deliverables provided 

by the students and the live experience of dealing directly 
with robots, two surveys were used at the beginning 
(pretest) and the end of the week (posttest) to evaluate the 
effectiveness of “Imagine and Make”. The two surveys 
shared two sections, which are “self-efficacy” and 
“knowledge gain”, and an additional section was added 
to the posttest and which aimed to assess the levels of 
satisfaction among students with the experience of 
“Imagine and Make”. 

Self-efficacy is one of the most important measures 
in business, educational, and psychological sciences [39], 
[40]. Self-efficacy refers to the beliefs of the individuals 
about their capacities in a given situation and their 
abilities to organize and execute a specific set of tasks 
and actions [41], [42]. High levels of self-efficacy are 
associated with better quality and higher efficiency and 
effectiveness in the work environment and low levels of 
self-efficacy are among the reasons for having 
incomplete tasks even with the presence of high levels of 
knowledge and skills [42]. With students, self-efficacy 
affects objectives setting, goals achievement, future 
choices of activities, and learning outcomes [39], [43], 
[44].  

According to Selby et al [45], teaching robotics 
should aim at increasing self-efficacy for learners to 
increase their intrinsic interest in dealing and interacting 
with robots. Therefore, the pretest and post-test surveys 
in this study used a set of items to assess the 
improvements in the levels of self-efficacy due to the 
presentation of “Imagine and Make”, and the current 
study tests the following hypothesis: 

H1: “Imagine and Make” helped to improve self-
efficacy levels toward robotics use among the students. 

To assess the levels of self-efficacy before and after 
“Imagine and Make”, ten items were adopted from the 
studies of Selby et al [45] and Mallik et al [46]. For this 
section, students were asked to put their answers using a 
five-point Likert scale ranging from “Not confident at all 
to do the following task” to “Completely confident that I 
can do the task”. 

The second section of the survey aimed to assess the 
knowledge gained by using six questions that were 
developed to study the improvement in familiarity with 
some terms in the field of robotics. The six questions 
were about the term “robotics”, robots’ characteristics, 
robots’ components, degrees of freedom, and design of 
robots. For each question, the choices carried only one 
correct answer, one choice of “I do not know”, and other 
wrong choices (four wrong choices for all questions 

49



39th International Symposium on Automation and Robotics in Construction (ISARC 2022) 
 

except one question that was a True/False and “I do not 
know” question”). The knowledge gain was assessed 
based on the improvements in the number of correct 
answers. 

The post-test had an additional section to assess the 
levels of satisfaction among the students with “Imagine 
and Make”. The section had seven items, in which a five-
point Likert scale was used to test the satisfaction with 
different statements and ranges from “strongly 
dissatisfied” to “strongly satisfied”. The section also 
included two open-ended questions to report the most 
liked things about “Imagine and Make” and the areas for 
improvement in future experiences. 

The survey was developed using Google Forms and 
distributed to the students at the beginning and at the end 
of the week to be filled online. Out of 179 students, 166 
responded to the survey with a response rate of 92.74%. 

3 Results 

3.1 Deliverables 
By the end of each week in the two rounds of 

“Imagine and Make”, students were able to deliver all the 
requirements including porotypes, videos, reports, 
presentations, and business models for their work. The 
total number of the groups was 22 delivering different 
ideas about the use of the dog robot in the construction. 

The ideas aimed to solve several problems and 
challenges faced in construction projects and covered 
different aspects such as safety and security on the 
construction site, productivity improvement, logistics 
management, and sustainability. Furthermore, in addition 
to making things by hand in the lab (Figure 3), students 
used several applications to deliver their ideas; including 
artificial intelligence (AI) and machine learning (ML), 
3D printing, sensors, 2D and 3D plans, and drawings, 
simulation, cameras, thermal analysis, and others. 
 

 
Figure 3. A picture from the lab during “Imagine 

and Make” 
 

Examples of the developed prototypes included 
detection of construction tools and delivery them to 
workers, detection of physical wastes that can hinder the 
safe movement of workers on site (Figure 4), inspection 
of cracks in buildings and elements, identification of 

potential hazards onsite (ledges, under cranes areas, 
misplaced tools) (Figure 5) inspection for intruders on 
site (Figure 6), inspection for commitments to personal 
protective equipment (PPE) onsite (Figure 7), presenting 
cooling system for workers that are working in a hot 
climate (Figure 8), development of a system to repair gas 
pipes (Figure 9), guiding people with vision impairment 
(Figure 10), marking on construction site (Figure 11-12), 
managing materials storage using Radio Frequency 
Identification (RFID)-based system (Figure 13), and 
others. 

 
Figure 4. Detection and collection of wastes onsite 

 

 
Figure 5. AI-controlled robot to make a 

Simultaneous localization and mapping (SLAM) of the 
environment to identify potential hazards on site 

 

 
Figure 6. Use of MA to inspect for intruders onsite 
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Figure 7. Inspection for hard hat onsite 

 

 
Figure 8. Use of 3D printing to design a cooling 

system for workers in hot climates 
 

 
Figure 9. Development of a system to repair leaks 

areas in gas pipes 
 

 
Figure 10. Use of robot dog to guide people with 

vision impairments 
 

 
Figure 11. Use of Spot® Robot to do marking onsite  

 
 

 
Figure 12. RFID-based system to manage materials 

3.2 Survey Results 
The analysis of the collected data was done using the 

statistical package for the social science (SPSS) version 
25.0, and it covered the follows: 

- Testing the reliability of the measurement tool 
by testing the consistency in the tool across the time and 
the different items using Cronbach’s Alpha, which is 
supposed to be higher than 0.6 [47]. 

- Calculating the means and standard deviations 
to identify the levels of pre and post-training self-efficacy 
and satisfaction among students at the end of the training.  

- Testing the hypothesis H1 (improvements in 
self-efficacy levels) using “Paired t-test”, which is an 
inferential statistical method that compares the 
differences in the mean values when the data is collected 
in pairs (e.g. pretest and post-test) [48]. 

- Calculating the frequencies of the correct 
answers to the questions about the familiarity with 
robotics to assess the knowledge about the topic before 
and after the training. 

Additionally, a qualitative analysis was conducted to 
analyze the results from the open-ended questions. The 
analysis was based on inductive thematic coding analysis 
through analyzing the text to find the frequent, significant, 
and emerging themes that are inherent in the data [49]. 

3.2.1 Reliability 

The analysis showed that Cronbach’s Alpha was 
(0.872) for the pretest survey and (0.920) for the posttest 
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survey. As the value of Cronbach’s Alpha exceeds 0.6, 
this indicates that the used scale is reliable and has a high 
level of internal consistency. 

3.2.2  Self-efficacy 

Self-efficacy levels are shown in Figure 13. The 
analysis revealed that the overall self-efficacy had a mean 
of (2.35), and raised after the training to reach (3.27). The 
analysis showed increases in the means for all items that 
were used to assess self-efficacy. The highest increase 
was in “Know how to program a robot or additive tool”, 
“Perform a design for a robot”, and “construct a robotic 
prototype”. 

The results from paired t-test showed significant 
differences between the pretest and post-test means for 
all items and the overall self-efficacy P-value was less 
than (0.001) for all comparisons. This indicates that 
hypothesis H1 could not be rejected and that “Imagine 
and Make” helped to improve self-efficacy levels toward 
robotics use among the students. 
 

 
 

Figure 13. Self-Efficacy levels before and after 
"Imagine and Make" 

3.2.3 Knowledge gain 

Figure 14 shows the number of correct answers for 
each question used in the pre and post-tests. The figure 
shows an increase in the number of correct answers for 
all questions; especially question three, which was about 
the components of the robot. 

3.2.4 Satisfaction with “Imagine and Make” 

Table 1 shows the level of satisfaction with “Imagine 
and Make”. The analysis showed that, overall, students 
were satisfied with the experience of “Imagine and Make” 
as the mean value was (3.97) out of (5.00). The highest 
rate was for the opportunity the students had to think 
about the different practices in the construction projects, 
then helping them improve their teamworking skills.  
 

 
Figure 14. Knowledge gain before and after “Imagine 

and Make” 
 

Table 1. Satisfaction levels with “Imagine and Make” 

Item Mean SD 
I am satisfied with "Imagine and 
Make" 

4.084 0.81 

My interest in robotics increased after 
"Imagine and Make" 

3.663 0.99 

"Imagine and Make" helped me to 
understand the use of robots in 
construction 

3.910 0.89 

"Imagine and Make" helped me to 
think about different practices in the 
construction industry 

4.187 0.87 

"Imagine and Make" helped me to 
enhance my innovative thinking 

3.934 0.84 

"Imagine and Make" helped me to 
improve my team working skills 

4.072 0.92 

"Imagine and Make" met my 
expectations 

3.940 0.96 

Overall Satisfaction 3.970 0.69 

The qualitative analysis revealed that team working 
and collaboration, freedom of prototype development 
and topic selection for the teams, challenging 
deliverables, ability to work on a practical topic and deal 
with a real robot, presentations by the experts, and ability 
to do things by hand in the lab were among the most 
frequent themes mentioned by the students when they 
were asked about the things that they like most in 
“Imagine and Make”. In turn, the most frequent 
suggestion was increasing the time allocated to the 
training for more than one week. 

4 Conclusion 
This paper reports a novel method to teach construction 
robotics by giving the students the opportunity to freely 
and collaboratively search for the applications that can 
integrate robotics into the construction field. This method 
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helped students to be in touch with both academic 
literature and practical applications. It also allowed them 
to integrate different types of technologies and tools 
while making their prototypes. This pedagogic method 
can be applied in several areas in construction 4.0 and 
even in other fields and sciences.  
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