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Abstract. The arrival of artificial intelligence (Al) rapidly
transforms technological, economic and social life, leading to a
rethinking of the role of an engineer and changing requirements
for engineering education. This paper presents some results
obtained at Tallinn University of Technology in the field of
energy education using Al. The research is based on explicit data
collection from staff experiences, student communications and
feedback, as well as descriptive statistics of learning management
systems while the participants studied energy features of robots in
two disciplines, namely “Robotics” at the Bachelor's level and
“Advanced Robotics” at the Master's level. Students united in a
single cohort differed from one another in terms of academic
levels, professional prerequisites (mechanical, electrical, and
information technology), knowledge backgrounds, and forms and
duration of training. At the moment, such distinctions meet the
needs of the modern community, in which multidisciplinary
professional teams jointly solve complex industrial and societal
tasks. At that, robotics disciplines have become a crossroads
where three types of Al converge: narrow Al responsible for the
robots’ “thinking”, conversational Al interfaces such as
ChatGPT, Copilot, or Gemini used to answer numerous
educational questions, and generative Al capable of making
design and control decisions. Several stages of Al implementation
are considered that have yielded the most significant outcomes in
students' knowledge and skills acquisition.
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1. Introduction

The advent of artificial intelligence (Al) is rapidly
transforming technological, economic, and social life,
leading to a rethinking of the role of an engineer and
changing requirements for engineering education. This is
especially important when it comes to robotics widely used
in various branches of industry across the globe [1-3].
Since the energy consumed by robots depends on their
architectures, kinematic, static, and dynamic properties, the
Al potential plays a key role in enabling new learning
technologies in higher education, where the acquisition and
appropriation of core competences and skills require
engaging learning experiences and value-adding
interactive resources.
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As educators face new challenges and difficulties in
developing and implementing Al tools, it is essential to
support them, considering both their pedagogical and
technological aspects. The time has come when such
concepts as active learning, blended learning, and mobile
learning are no longer the prerogative of exceptional,
talented, or individual students but are becoming a
mandatory educational platform.

The goal of this study is to introduce some new Al-
reinforced learning scenarios and resources to strengthen
the skills required by community in the scope of digital
literacy challenges. Some ongoing results on supporting
engineering education with an orientation towards energy-
efficient thinking and Al agents are presented. The focus is
on the robotics disciplines that have become a suitable
crossroads where three types of Al converge: narrow Al,
designed for specific tasks; conversational Al, which is a
technological concept where machines perform many
intellectual problems that a human can do; and generative
Al, capable of creating content and making design and
control decisions [4].

2. Related Study

In recent years, a significant surge in academic publications
on the use of Al in education appears that reflect a growing
interest and rapid adoption of different Al tools. Multiple
systematic reviews analyse a variety of research on Al in
education, the number of which has increased dramatically
since 2022. Most of them cover different educational
levels, regions, and stakeholders. A separate overview
group focuses on research directly related to
implementation of Al in higher engineering institutions,
highlighting their innovations, opportunities, and
challenges. Geographically, most studies are originated
from China and the U.S., but other international
contributions are growing as well. At that, the U.S. and
China lead with near-total adoption, India and UK show
strong growth in higher education, Germany focuses on
vocational applications, Indonesia and Nigeria are
emerging markets using Al to improve access and teacher
support. The most diverse topics relate to intelligent
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tutoring systems, adaptive learning, ethics, teacher training,
and student engagement. Large-scale research studies the
opinions of students and teachers about Al technologies
and their use in education. The authors provide answers to
questions such as how familiar students are with Al
technologies; what is the prevalence and purpose of Al
application; what are the potential pros and cons associated
with the use of Al in education; how ethical principles
change when using Al; how educators assess the potential
of Al to improve teaching and learning; how open faculty
members are for the implementation of Al technologies;
and many others.

According to these publications, Al offers many teaching
and learning benefits [5, 6]. Along with that, Al brings new
challenges and concerns to the field of education.

In [7], the Al-related problems are divided as individual
(personal traits, motivation, self-efficacy, personal
choices), pedagogical (lack of theoretical coursework,
insufficient hands-on digital tool training), and
environmental (poor resource availability, weak
institutional advocacy/support, etc.).

In [8, 9], such problems are identified as the need for
knowledge sharing and policy development regarding Al,
the necessity to support students in ethics of using Al, the
role of humans in Al-assisted learning, the need to align Al
systems with educational goals, as well as assessing the
degree of Al credibility and security.

The author of [10] highlights a major gap in structured
frameworks, fragmented and uneven Al adoption,
leadership challenges in balancing objectives, and lack of
common language and shared understanding.

The issues listed in such comprehensive reviews as [11-
13], signal that, though Al offers great transformative
opportunities, it must be implemented with close attention
to pedagogy and institutional responsibility.

As  energy-efficient —manufacturing becomes an
increasingly important part of sustainable development,
energy consumption of various groups of robotic stations is
attracting the attention of technological universities.
According to [14], electrical energy consumed by robots in
the production of vehicles is about 8% of total energy
consumption in the vehicle lifecycle. In industrial [15],
aerial [16], floating [17], mobile [18] and professional [19]
robotics, electricity consumption grows due to such factors
as increase of power equipment of robots, introducing
robots in tasks previously performed by humans, growing
productivity of applications, and involvement robotics in
more and more spheres.

In service robotics, the reduction of energy losses is crucial
for their practical application, further development, and
deployment that are often constrained due to their high
energy demand. The role these restrictions play for the
battery-supplied wheeling and, especially, legged robots is
significantly more important than that of stationary robots
of the equivalent size and capacity.

Collaborative robots have at least three advantages over the
specialized robots in terms of energy efficiency. First, they
are convenient for designing optimal motion trajectories.
Second, they allow to customize their configuration
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depending on the task being solved. And third, the same
robot can perform different services [20-23].

One of the design features that directly affects energy
demands is related to optimizing the robot joint
configuration, that is, an arrangement of robot joints
needed to locate the tool in the desired pose. The paper [24]
could be noted as an early work on searching for the best
configurations in view of the lowest power requirements.
In [25], the same problem was solved for a pick-and-place
operation. In [26], power consumption is minimized while
robots hold processed objects in assembling, welding and
packaging, quality control, loading and wrapping stations.
Some other studies also concentrate on decreasing the
energy consumed by robots during their motion along
predefined trajectories [27-29]. Unlike traditional models,
Al-driven solvers are increasingly being introduced
nowadays thanks to their ability of making predictions,
solutions, and insights. One of the first Al-driven models
fitting the energy-efficient configuration of linear Delta
robots was published by the authors in [30].

Despite the variety of scientific studies, the authors failed
in finding any special studies in the field of the Al influence
on energy education.

3. The Method

The method was tested during eight semesters while the
participants studied two disciplines, namely “Robotics” at
the Bachelor's level and “Advanced Robotics” at the
Master's level at Tallinn University of Technology
(TalTech).

Three categories of students who participated jointly in the
common stream are shown in Fig. 1. They are the ordinary
full-time home university students for whom these courses
were mandatory, the Erasmus+ learners who chose robotics
courses as electives for one or two semesters of their stay
at TalTech, and the EuroTeQ applicants who decided to
learn optionally in the frame of the blended format. As
opposed to TalTech, EuroTeQ Engineering University is
not a traditional university, but rather a joint initiative of
several leading universities of technology that offers
students a unique opportunity to take optional courses at
partner universities in hybrid and blended formats [31].

TalTech;

EuroTeQ e
b

20%
TalTech
50%

EuroTeQ;
69%

Erasmus+
30%

Fig. 1. Averaged charts of the educational situation in the robotics
disciplines over the studied period: enrolment fractions of the full
enrolment rate (left) and dropout fractions of the full dropout rate
(right).

These diagrams represent the educational situation in two
robotics disciplines over the studied period. The students,
united in a single cohort, differed from each other in terms
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of academic levels, professional prerequisites (mechanical,
electrical, information technology), knowledge
backgrounds, forms and duration of training. Such
distinctions meet the needs of the modern community, in
which multidisciplinary professional teams are invited to
jointly solve complex industrial and societal tasks.

Blended learning [32] was chosen as a mode of knowledge
delivery combining in-person or online classes along with
mandatory in-person labs practice, with formative
assessments, allowing for flexibility, self-paced learning,
and personalisation. As the prerequisite for final grading,
students had to complete at least three personalized
computer tasks and three labs. In contrast to the traditional
studies, the described assessment system is based on the
scores accumulated during the semester for answering quiz
questions and participating in optional activities. The
rounded-up amount of these scores served as an
examination grade.

The discussed research focuses on the Al-caused problems
faced by faculty and students on their way to academic
success, gaining energy-related cognition. At that, various
progressive Al-driven solutions were studied in lectures,
computer exercises, laboratory classes, and numerous
additional robotics-related educational forms.

Lectures were broadcast via MS Teams, while lecture
recordings were also available there, along with lecture
slides published in the learning management system
(LMS). To track the study progress, quizzes were open
from the lecture day until the deadline and closed
automatically. The student’s future grade has increased
with each correct answer, decreased with incorrect
answers, and stayed unchanged if a question or a full quiz
was skipped. Once the quiz closes, all answers were
immediately published for learners’ acknowledgement,
and the next quiz open, and so on, each lecture week
throughout the semester.

As for the computer exercises, every student had an
individual task related to the robots available at the
department. Following the “Manual on Exercises,” learners
independently worked in MATLAB, uploaded reports,
received the teacher's feedback, and corrected them until
completion. In addition to the mandatory exercises, there
were some advanced energy-focused optional ones that
could increase the learner’s grade. They concern energy-
saving measures such as improved braking, the use of high-
efficiency motors, gearless design, and new lightweight
materials. Participants might follow online exercise classes
via MS Teams, and class recordings were also available.

Laboratory experiments are always a necessary, integrated
and most valuable part of engineering education. Industrial
and collaborative robots of serial and parallel topologies
manufactured by ABB, Festo, Siemens, Kuka,
UFACTORY, and Universal Robots, were proposed for
study. Similarly to computer exercises, a part of labs were
mandatory, whereas some works were the advanced
options that, however, could help to increase the grade.
Energy-efficient robot management and trajectory
planning were most often considered as optional laboratory
topics.
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To elevate the final grades, students were also invited to
give presentations on the advanced energy-efficient
solutions at the International IEEE Student Workshop
“Amazing Robotics”.

4. Results and Discussion

The obtained results are discussed based on explicit data
collection from  faculty experiences, learners’
communications and feedback, as well as the descriptive
LMS statistics. They demonstrate how such concepts as
active learning, blended learning, and mobile learning are
merging in a natural platform for higher engineering
education. In Fig. 2, an averaged allocation of students
participated in different study forms is shown.

Since artificial intelligence-based learning opens up many
different ways of learning leading to the completion of the
course, such a multitude initially puzzled students who, due
to their youth and incompetence, tried several of them at
once. Gradually, everyone turned onto the road that best
fits his/her interests and capabilities. The diagram shows
that some students preferred lectures and on-lecture polls,
post-lecture quizzes, or presentations while others focused
on solving optional exercises, and the third group enjoyed
additional labs, etc.

Live lecture participation
On-lecture fast-track polls
Online lecture participation
Learning without lectures
Student’s presentations
Online quizzes

Supervised exercises
Independent exercises

Optional exercises

M EuroTeQ M Erasmus+ M TalTech

Fig. 2. Allocation of students among study forms.

Figure 3 represents the lecture-related dynamics.

38% 38% 42%

Lec1 Lec2 Lec3 Lec4 Lec5 Lec 6 Lec?7
- Listeners = Active participants among the listeners

Fig. 3. Lecture-related dynamics of theoretical study forms.
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Traditionally, attending lectures in person was not very
popular among the audience. Over time, as students
mastered the skills of working with Al, they became more
interested in lecture slides and recorded videos rather than
attending lectures and following the lecturer. They also
prefer online textbooks to paper books, primarily because
of the ease of finding the requested information and
checking its relevance. However, the most active learners
attend lectures in order to take part in on-lecture polls and
increase their grades through the personal communication
with a lecturer and fellow students.

According to Fig.2, the main fraction of the final grade is
received from the post-lecture online quizzes. Figure 4
demonstrates four stages of the quizzing process change
during the years.

Until about 2024, students hardly used Al-enabled tools, in
particulardue to their lack of energy awareness (“Best
results before the Al era”). To successfully respond to
quizzes, they had to attend lectures and study lecture notes,
slides and recordings. As follows from our previous
researches, during 2022-2023, the number of participants
involved in active learning with quiz-based assessment
gradually reached 90% [33, 34]. In these studies, the
average time taken to answer a 10-question test was almost
37 minutes, and the average test score was about 74% of
the maximum level.

100

80

60

40

20

Al without
teacher
intervention

Best results
before the Al
era

Al by weak
students

Al by strong
students

M Paricipants, %  ® Time, min/quiz Average grade, %

Fig. 4. Averaged clustered diagrams of Al implementation to
quizzing in robotics during the explored period.

Conversational Al interfaces, such as ChatGPT, Copilot, or
Gemini, have quickly captured the attention of students
since their introduction. Figure 4 shows a significant
growth of student participation in quizzes and their grades,
despite a reduction in time spent on them (“Al without
teacher intervention”). However, exams and tests revealed
a lack of growth in the cognitive abilities of “successful”
students, along with a low level of appreciation of the
principles and algorithms for the actions performed and the
programs generated.
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Realising that the level of knowledge had not increased in
proportion to the grades received, the teachers responded
by improving the quizzing system. Once educators
introduced graphics, videos, and ambiguous options with
tricks into their questions, the average grade has decreased.
As a result, many weak students have lost interest in
quizzing (“Al by weak students” in Fig. 4), whereas the
strong ones began to spend more time searching for
answers in favour of improving their grades (“Al by strong
students” in Fig.4). Regarding the observed
disengagement of lower-performing students, the tutors
were critically expanded on the pedagogical validity and
ethical implications of their attempts to deter Al reliance.
To this aim, novel assessment resources were searched,
which insights would strengthen teaching by enhancing
understanding, giving students real opportunities to learn
from their mistakes and engage with the course material in
exciting ways. An important advantage of this stage for
both students and faculty was the tendency to transition
from conversational to the generative Al assistance capable
of making decisions.

The main features of contemporary students are most
strongly manifested in exercises and labs, where practical
skills are obtained. Therefore, the mandatory group of labs
and computer exercises have become a fertile ground for
getting to know multiple narrow Al systems responsible for
the “thinking” of robots. On the other side, optional labs
and exercises contributed to the study of generative Al. The
change of exercise-related activities is shown in Fig. 5

Online consulations

F2F consultations

Unsupervised tasks solving

Supervised classes

0 20 40 60 80 100

2023/2024 = 2022/2023 m2021/2022

Fig. 5. Exercise-related dynamics of students’ involvement.

According to this diagram, with the development of
licensed software, the need to follow the teacher during
exercise classes gradually drops and the volume of the
face-to-face (F2F) consultations decreases. Instead, the role
of online consultations is growing. Thanks to the Al help,
there is also an increased interest in solving additional
optional tasks in order to raise the appropriate component
of the final grade. The same can be said about student
presentations.

5. Conclusion

The emergence of Al demonstrates a rapid transformation
of the engineering educational technology. Thanks to Al,
such concepts as active learning, blended learning, and
mobile learning are becoming a natural platform for higher
education.
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The presented results offer the faculty and students a
unique opportunity to gain experience in Al through
mandatory and optional forms of study in hybrid and
blended formats. Several stages of Al introduction show
that robotics disciplines have become a suitable crossroads
where three types of Al converge: narrow Al responsible
for the “thinking” of robots, conversational Al interfaces
such as ChatGPT, Copilot, or Gemini, and generative Al
capable of making decisions.

Qualitative outcomes of this research show an importance
of the development of the Al-assisted education as an
evolutionary stage and useful tool.

Such an approach, on the one hand, promises to expand the
possibilities of implementing AI in energy-related
education. At the same time, new constraints are being
discovered that are not inherent in artificial systems, such
as an unpredictably changing targets, student-oriented
environment, and reward functions. Now, the authors are
critically expanded on the pedagogical validity and ethical
implications of their attempts to deter negative Al reliance,
particularly regarding the observed disengagement of
lower-performing students. Therefore, novel Al-resistant
assessment resources are to be searched, which would
provide insights to strengthen teaching and enhance
understanding, giving students real opportunities to learn
from their mistakes and engage with the course material in
exciting ways.

The results demonstrate the prospects of the proposed
approach for the development of educational Al. However,
two disciplines are not enough to assess the impact of Al
on the overall energy education level. Therefore, it seems
advisable to continue these investigations in a broader
field.
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