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Abstract—Contributions: This article presents the results from
a teaching innovation project based on the creation of educational
videos by students and their assessment through blind peer
review in the context of an electric circuit course. This article also
analyses the activity’s impact on learning outcomes by comparing
the results of participating students with nonparticipants, as
well as with results from the previous years. The study includes
surveys completed by students.

Background: Electric circuit courses involve a cumulative
learning process that advances throughout the course. Students
who do not adhere to a regular study-homework routine often
struggle to maximize the benefits of their class time and are more
prone to test failures.

Research Questions (RQs): RQ1) Can peer assessment be
relied upon as a grading method in an electrical engineering
course? RQ2) Is it possible to enhance students’ study routines
and improve their results by incorporating assessment activities
different from partial exams, such as creating educational videos
and peer review assessments?

Methodology: Students create videos, which are then submitted
to the designated task through the Moodle workshop tool.
Subsequently, peer reviews are conducted using a rubric form.
The reliability of peer review is analysed by comparing the grades
assigned by students with those assigned by teachers who are
introduced as incognito reviewers.

Findings: The evaluation system, relying on peer assessments,
demonstrated fair reliability. Participants have substantially
improved their academic performance while dedicating less time
to preparing for the different evaluation tests.

Index Terms—Active learning, digital competence, educational
technology, electrical engineering education, empowering stu-
dents, motivation, peer assessment, presentation skills.

I. BACKGROUND AND SIGNIFICANCE

THE INTEGRATION of new digital tools provides edu-
cators with an opportunity to reimagine and enhance

traditional teaching techniques and evaluation methodologies.
The innovation project presented in this article aims to create
a new teaching methodology for students of electric circuit
courses by combining various educational strategies. This
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initiative is centered around four fundamental innovation
pillars as follows.

1) Learning by Teaching: This pedagogical approach, also
related to the flipped classroom active methodology,
requires a deep understanding of the subject, and the
practice has been identified as a beneficial strategy to
enhance students’ learning in [1], [2], and [3]. When
students engage in this process, they are required to
articulate their understanding in a clear and concise
manner. This activity not only reinforces their own
comprehension but also helps to identify gaps in their
knowledge. Moreover, the act of creating teaching
materials compels students to organize the information
logically and present it in a way that is accessible to
others.

2) Acquiring a deeper understanding of the complex and
abstract ideas commonly present in science, technology,
engineering, and mathematics (STEM) disciplines. The
use of video-based learning has demonstrated having
a positive impact on processing capacity thanks to the
use of the dual channel for information transmission:
a) verbal and b) pictorial. This has been deeply explained
by the cognitive theory of multimedia learning (CTML),
resulting in the achievement of deeper learning [4], [5].

3) Enhancing the Evaluation and Feedback Mechanisms
While Empowering Students Through Collaborative
Learning: Peer-review assessment offers the potential
to impact the students’ motivation, critical think-
ing, and overall academic performance in engineering
courses [6], [7]. Through peer review-based activities,
students have the opportunity of evaluating each other’s
work, providing constructive feedback, and engaging in
meaningful discussions that deepen their understanding
of electric circuits principles. Furthermore, revising solu-
tions from other students will expose them to different
views and approaches to understanding how to solve an
electric circuit.

4) Acquiring Digital Competence and Communication
Skills: By elaborating videos and being engaged in
peer review, students can gain experience in conveying
and discussing complex engineering concepts clearly.
This will enhance their training for the demands of the
industry helping to promote a successful transition from
academia to professional practice. Digital competence
and communication skills are imperative for future
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engineers, who will be expected to work in collaborative
teams and articulate their ideas with precision [8], [9],
[10], [11].

This work presents the outcomes of a teaching innova-
tion project centered around the development of educational
videos by students, with their evaluation conducted through
a blind peer review process. Several authors have docu-
mented the various benefits of using video-based learning
in STEM disciplines. Besides the above-mentioned benefits
for conceptual learning as explained by the CTML, videos
also have the potential to increase students’ motivation, sat-
isfaction, and academic performance [12], [13], [14], [15],
[16]. Moreover, recent studies also demonstrate how electrical
engineering didactic videos have the potential to enhance
quality perception, performance, and interest in engineering
education [17], [18].

Finally, the fact that developed video-materials can remain
available for other students to be used as pedagogical aid
is also contributing to mitigate one of the main challenges
in the use of videos in formal education: the difficulties
on finding suitable videos to fulfill specific academic needs.
These challenges have been widely highlighted in literature
both from the professor’s perspective [19], [20], [21] and
from the students’ perspective for finding adequate videos for
complementary self-directed learning [22]. The use of these
videos in the proposed structured active learning environment
might maximize their benefits.

A. Research Questions

As previously discussed, the use of peer-review assessment-
based activities have been demonstrated to be beneficial for
engineering courses [6], [7]. However, incorporating their
assessment into the students’ final grades is a more delicate
matter, as it raises important considerations [23], [24]. This
leads to the first research question (RQ) addressed in this
study: RQ1) Can peer assessment be relied upon as a grading
method in an electrical engineering course?

On the other hand, the advantages of using the learning
by teaching methodology [1], [3], and video-based [12], [16]
have been well demonstrated and discussed above. The impor-
tance of acquiring digital and communication skills is also
evident [8]. In this context, the experiment conducted in
this project encompasses all these pillars, leading to the
second RQ addressed in this study: RQ2) Is it possible to
enhance students’ study routines and improve their results
by incorporating assessment activities different from partial
exams, such as creating educational videos and peer review
assessments?

B. Electric Circuits Course

Courses covering the fundamentals and analysis of electric
circuits are essential for all engineering disciplines. Circuit
courses are typically integrated into the curriculum of the
initial years of engineering bachelor programs. In the School
of Engineering of Universidad Carlos III de Madrid (Spain),
a first course on electric circuits is included in the second
or third semester of various BSc programs under the title

“Electrical Power Engineering Fundamentals (EPEFs).” This
14-week course, equivalent to six European credit transfer
and accumulation system (ECTS) credits, is taken by around
500 students annually and is conducted by the academic staff
of the Electrical Engineering Department. Part of the students
take the course in Spanish, while the students who choose the
bilingual modality of the course take it in English. For the
English course, the main reference text is the book “Electric
Circuits” by Nilsson and Riedel [25]. The course is divided
into four main modules. The first module is introductory
and reviews the main components of electrical circuits, the
basic concepts of electromagnetism, and the laws for circuit
analysis. The next two modules cover the analysis of circuits
supplied in DC and AC. Students are instructed on the
application of systematic methods of circuit analysis, such as
mesh current and node voltage methods, Thévenin equivalent,
and superposition. For AC circuits, the analysis is done in
the frequency domain. The analysis of power in different
systems is studied in depth, including concepts like active
and reactive power and the physical meaning and relevance
of the power factor. For three-phase systems, the analysis
focuses on balanced systems. The application of the phase-
neutral equivalent is introduced and applied to practical cases.
Finally, concepts related to power in three-phase systems, such
as reactive power compensation and power measurements in
three-phase configurations, are included in this last part of
the course. Additional teaching materials and planning are
provided to the students through an open course ware (OCW)
published by the authors of this work in [26].

The course is organized in sessions of two hours, including
13 theoretical sessions, 13 practice sessions, and three lab
sessions. During the theoretical sessions, attended by groups
of around 60–120 students, the professor explains the basics
and theoretical concepts and solves examples on the board. In
the practice sessions, students are split into smaller groups,
typically comprising 30–35 students. This session involves
the active participation of students, as the professor proposes
exercises to be solved by the students using the knowledge
already presented in the previous lectures of the course.
Meanwhile, the professor assists various students in resolving
the exercises, and the solutions are subsequently discussed on
the board.

Additionally, the course includes three lab sessions con-
ducted in groups of a maximum of 12 students throughout
its duration. This hands-on experience enhances the practical
skills of students, complementing their understanding of the
theoretical concepts. The comprehensive approach adopted by
the course is intended to ensure that students develop a well-
rounded understanding of EPEFs.

C. Problem Definition

In electric circuits courses, owing to the intensive presence
of abstract ideas and mathematical reasoning, it is crucial
that students establish and adhere to a consistent regular
study routine. Furthermore, the learning process is cumula-
tive, building upon the knowledge acquired in prior lessons
during each session and across the entire course duration.
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Fig. 1. Survey to collect feedback from students of the previous academic
years. Question: Have you followed a regular study-homework routine during
the course?

A frequent issue, particularly in the early stages of BSc
studies, is that students deviate from the expected study
routine, what may lead them to struggle on the resolution
of the exercises proposed in class within a short span and
in disengagement from the course. As a result, they often
resort to the passive habit of copying solutions from the board,
failing to engage actively, neither fully leveraging class time
nor sustaining their motivation. These habits especially affect
practical and lab sessions, significantly diminishing the overall
effectiveness of the classes. Fig. 1 shows information on the
study-homework routine of students of the previous courses
(before the implementation of the innovation project), gathered
from the answers of a survey filled by the students. It is
remarkable that most students do not adhere to a consistent
work routine outside of their class hours.

This loss of study routine begins to affect students from the
second or third week of the course. From this point onward,
many students struggle to tackle the exercises proposed by the
professors in practical classes or comprehend the experiments
in laboratories.

The lack of a specific understanding of the connections
between different topics within the same subject, or between
subjects, is also a contributing factor to such struggling, as
students are not trained or familiar with cumulative learning.
Instead, contents are commonly delivered and prepared in
silos [27], [28] which constitutes one of the main reasons
for the reduction in motivation and confidence, as well as
academic stress and anxiety [29], [30]. These factors are
closely related to the high dropout rates in engineering students
and the decline in STEM vocations, also increased by distance
learning [31], [32], [33].

In an attempt to enhance study habits, a system involving
weekly assessment tests was explored in the previous courses
by the authors of this article. However, weekly assessment
tests were soon dismissed due to the escalation of students’
stress levels and by the high workload that the management
of the evaluation posed on the instructors. This is in line with
the experience reported in [34]. The project presented in this
article intends to continue exploring how alternative active
learning methodologies might further contribute to the creation
of such study habits within a sustainable approach.

D. Objectives of the Teaching Innovation Project

In the innovation project presented in this article, students
are encouraged to create various educational videos explaining

the problem-solving process of an assigned electric circuit.
The videos will be evaluated by other students following a
blind peer review process. The objectives of the project are
outlined as follows.

1) Develop an educational methodology that promotes a
regular and consistent study-work routine to maximize
the effective utilization of classes and to enhance stu-
dents’ motivation and performance along the course
while empowering them.

2) Conduct a comprehensive analysis to determine the
reliability of students’ peer evaluations. For that purpose,
instructors will also be introduced as peers in the
process, and a comparative analysis between the grades
assigned by students and teachers will be elaborated.

To assess the impact of this innovative approach, the
midterm grades of students in the course where the project
is implemented will be compared with the results from the
previous three courses. Additionally, the results from the
annual teaching evaluations distributed to students will be
analysed. Finally, a survey with specific questions about the
project are distributed to the students participating in it.

E. Intended Outcomes

The elaboration of instructional videos will provide students
with a deeper understanding of electric circuits concepts,
while peer review assessments will offer them the opportunity
to provide constructive feedback and engage in meaning-
ful discussions, enhancing their comprehension of electric
circuits principles. Additionally, reviewing solutions from
fellow students exposes them to diverse perspectives and
approaches, enriching their understanding of different ways
of solving electric circuits. It is expected that this entire
process will improve their understanding of electric circuits
analysis and, consequently, increase their academic results in
exams. In addition, they will gain experience in the digital and
presentation skills necessary for success in the landscape of
the engineering profession.

The various tasks required to be completed by students
participating in this project will instill a regular study-work
routine. This is expected to maximize their participation
and utilization of classes, thereby reducing the total time of
dedication needed to pass the course.

The present article presents the main results of the teaching
innovation project, analysing its impact on the learning process
and on the overall experience of the course. Finally, several
recommendations and guidelines are provided to success-
fully implement an evaluation system based on students’
peer review, drawing from the experience gained and results
obtained.

II. SYSTEM DESIGN

A. General Description of the Proposed Activity

The course EPEFs is scheduled for 14 weeks and is
divided into three modules: 1) basic concepts and DC circuit
analysis (five weeks); 2) AC circuit analysis (five weeks); and
3) three-phase AC systems (four weeks). Project participants
are required to create instructional videos solving designated
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Fig. 2. Overview of the schedule of the different tasks within the course.

exercises for each of the three course modules. Each video
should include the solution of a practical case along with a
review of the theoretical aspects related to the problem.

As explained before, the created videos undergo assessment
through a blind peer review process conducted in the virtual
classroom of the course, which is a Moodle-based platform
named Aula Global. Each video will be assigned to a minimum
of three students who will be responsible for its evaluation and
grading. Throughout the course, each student will be required
to produce three videos (one for each module of the course)
and to review nine videos from other students (three from each
module of the course).

Fig. 2 provides an overview of the distribution of project
tasks throughout the duration of the course, along with the
midterm deadlines. This figure illustrates that the deadlines for
different tasks have been proposed with the aim of maintaining
a consistent work-load throughout the term, avoiding the
common practice of concentrating efforts solely during the
week leading up to the midterm exam, as depicted in Fig. 1.

The organization of the different tasks was managed using
the Moodle activity workshop. Three workshop-type activities
were created, one for every part of the course. Each workshop
is divided into four different steps as follows.

Step 1 (Assignment): The various electric circuits to be
solved throughout the course, along with their final numerical
results, are provided to each student by the instructors at the
beginning of the course. These assigned exercises resemble
those discussed during the lectures. For this project, the
exercises were selected from the exercise sheets published
in the course “EPEFs” published by these authors on the
OCW platform of the Universidad Carlos III de Madrid [26].
All exercises from these sheets have been distributed among
the students to prevent them from having to solve the same
exercise. If, due to the limited number of exercises, the same
exercise must be assigned to multiple students, a specific
method is designated for each student to ensure a distinct
experience for everyone. This approach ensures that all con-
tent and methods taught throughout the course are covered.
Additionally, since the exercises vary in difficulty, they have
been grouped so that the overall level of difficulty of the three
exercises assigned is balanced.

Step 2 (Preparation of the Video and Submission): Students
are required to create a video demonstrating the comprehensive
solution to the assigned circuit. This should include not only
the proposed solution but also the methods and equations
applied to obtain it. The instructions specify that the video
explanations must cover the fundamental laws, equations,
and principles applied during the problem-solving process.
Students have the flexibility to choose the resources used
for the creation of the video although project guidelines
recommend options, such as using a tablet, blackboard, or
a piece of paper to write the explanations. Subsequently,
students are asked to produce an MP4 video that is didactic
and easy to follow, tailored to the comprehension level of their
peers in the course. It is mandatory for the video to feature the
students’ voice but not their image. Finally, the student must
upload the video to the corresponding workshop task within
the Moodle platform. The guidelines for preparing the video
provided to students are available in Appendix B.

Step 3 (Peer Review Process): A minimum of three students
participating in the project are designated as reviewers for each
video. Each reviewer evaluates the video using a rubric form
to ensure objectivity and consistency in the assessment. The
rubric includes questions to assess three aspects: 1) content
of the video; 2) quality of the video; and 3) engagement
of the video. Furthermore, the submission of supplementary
comments to justify the choices in the evaluation is mandatory.
It is important to note that the peer review process is conducted
anonymously for the student being assessed, but it is overseen
by the course instructors. It is remarkable that students are
aware that the quality of their reviews will also be a part of
their final grade, so that unfair reviews may result in a grade
penalty for students serving as evaluators. The guidelines for
conducting peer reviews provided to students are available in
Appendix B.

Step 4 (Evaluation Stage): The final task grade is calcu-
lated as the average of the grades provided by the different
reviewers. In the rubric-based assessment, each criterion of
the rubric form is assigned a specific weight: 50% for the
content of the video, 25% for the quality, and 25% for
the engagement. The final grade given by each reviewer is
determined by the weighted sum of these criteria. In the
innovation project that is reported in this article, the course
instructors acted as additional reviewers to assess and compare
the disparity between the grades assigned by students and
those by the professors. The experience was used to evaluate
the reliability of students’ peer assessment as will be explained
in further sections. The rubric for conducting peer assessments
is available in Appendix A.

B. Implementation Using the Workshop Tool in Moodle 3

As mentioned before, the process described above was
implemented using the workshop tool in Moodle, automating
all project management tasks [35]. The workshop tool provides
the flexibility to facilitate peer assessment and collaborative
learning. It allows students to submit their work, such as
assignments or projects, and engages them in reviewing
their peers’ submissions. Instructors can customize various
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parameters, including workshop type, number of submissions
and reviews, and assessment criteria. The tool supports dif-
ferent submission formats, anonymous reviewing, and the
setting of adaptive deadlines. It automates the calculation
of final grades based on peer evaluations, considering the
assigned weights for different criteria. Furthermore, students
can provide feedback and comments during the review process,
fostering a collaborative learning environment. Instructors can
also act as moderators of the workshop, intervene if issues
arise, and control the release of feedback.

The configuration of the workshop tool for this project has
been found not so easy to accomplish. Professors involved in
this project required support from the digital department of
their university. In Section V, the applicability, and limitations
of using the workshop tool are discussed.

C. Weight of the Project on Student Grading

Balancing student grades in projects is challenging; neglect
can lead to disinterest, while excess creates stress and may
lead students to engage in dishonest practices. To address this
issue, the project grade does not determine the pass or fail
status of a student in the course, which relies on the midterm
and final exam grades, along with the completion of the
project task. Successful completion of project assignments will
significantly increase the final grade, contingent on passing
the course exams. This approach aims to motivate students
without overwhelming them with project-centric pressures.

III. EVALUATION

The project has been implemented and evaluated in the
course EPEFs, which is part of the BSc program in Robotics
Engineering at Universidad Carlos III de Madrid. The project
took place during the academic year 2022/2023, in a course
comprising 32 students aged between 19 and 21 years. The
sample consisted of the 29 students who participated in the
project, including 13 men and 16 women. The GPA for the
students in this course where the project has been implemented
is 2.05, while the GPA for the same students considering all
the courses for the corresponding academic year is 1.73. This
group was chosen because its size was optimal for RQ1. To
answer RQ1, it is necessary to view and evaluate all the videos
in the same way the students do. If groups with a larger number
of students had been selected, the time required for teachers to
view and evaluate all the videos would be unmanageable. If it
is demonstrated that peer assessment can be trusted in response
to RQ1, the proposed project could be extended to groups
with a larger number of students, eliminating the necessity to
individually review every video created by each student. To
strengthen the validity of the findings, a detailed analysis was
conducted on both quantitative and qualitative results.

A. Quantitative Data Analysis

To address RQ1, which pertains to the reliability of peer
evaluation by students, an in-depth analysis has been per-
formed. This analysis considers the distribution of grades
given in project tasks by the various peers. These grades have
been assigned by the various peers, as well as by teachers

introduced as incognito reviewers, who followed the common
rubric provided in Appendix A. The disparity between the
different grades assigned to the same video is analyzed.
Subsequently, to analyse the reliability of peer assessment, the
evaluations assigned by the students are compared with the
grades assigned by the teacher to the video, using the same
rubric form. The teacher, included as an incognito additional
reviewer, provides an additional layer of assessment, ensuring
a comprehensive and robust evaluation of each task.

Furthermore, in addressing RQ2, which examines the
impact of the project on academic performance, the course’s
grade reports have been considered as a source of information.
For this purpose, the distribution of grades obtained in the
midterm exams and in the final grade of the course is compared
to results from students in previous academic years before the
project implementation. Three different control groups have
been considered for this purpose, with a total population of
351 students distributed as follows: 50 for control group 1
(2021/2022), 187 for control group 2 (2020/2021), and 114
for control group 3 (2019/2020).

B. Qualitative Data Analysis

Complementary to the quantitative data, qualitative
information has been collected to provide nuances about
students’ perception of the project’s impact on their study
routine and academic performance. For this purpose, three
specific questions were addressed to the project’s participants,
with a five-point Likert scale type of response (from 1: totally
disagree to 5: completely agree). The questions evaluated the
project’s impact on: maintaining a regular study routine during
the course (Q1); obtaining a better grade in the course (Q2);
and helping pass the course (Q3).

To assess the design of the project for implementation, it is
important to evaluate aspects related to students’ performance
during the course and overall satisfaction of the students.
Three questions about the course were elaborated and targeted
at students from the academic course prior to the project’s
implementation (control group 1). The questions addressed:
1) class attendance and participation; 2) homework and study
routines; and 3) time invested in midterm preparation and the
perceived essentials for achieving success in the course. The
same questions were replicated for students in the academic
course in which the project was applied.

In the previous academic course, during the project planning
stage, students were also consulted about the potential intro-
ductions of these activities and their willingness to participate
in them. Finally, it is important to note that student anonymity
is preserved in surveys for objectivity.

IV. RESULTS

A. Project Impact on Student Work Routine and Feedback

This section analyses the project evaluation from students
and its impact on their work routine using qualitative data
collected from the distributed surveys.

Fig. 3 shows the answers in relation to the study-work
routines of students participating in the project, as gathered
from the survey. Results indicate that over 80% of students
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Fig. 3. Survey to collect feedback from students of the academic year in
which the project is implemented. Question: Have you followed a regular
study-homework routine during the course?

Fig. 4. Survey to collect feedback from students of the academic year in
which the project is implemented (2022/2023). Questions: Do you think that
the project is useful to: Q1-> Maintain a regular study routine during the
course? Q2-> Obtain a better grade in the course? and Q3-> Help you pass
the course?

follow a consistent study and homework routine, reflecting a
significant increase compared to the results obtained before
the project implementation, as shown in Fig. 1.

Fig. 4 provides a comprehensive overview of students’
responses to various specific questions directly related to the
project. Results show a highly positive student evaluation,
recognizing the role of the project in fostering consistent
study routines, improving grades, and contributing to their
success in the course. It is remarkable the absence of negative
responses, which highlights student satisfaction in the learning
experience.

B. Impact of the Project on Academic Results

This section evaluates how the project has impacted the
academic results of the students. An initial analysis compares
the grades obtained in the midterms of students in the course
in which the project was implemented and the grades obtained
by students in previous courses. Fig. 5 shows the average
scores for the three midterms that were taken during the
course (DC, AC, and three-phase AC circuits) of students
from four academic courses using a box-and-whisker plot.
The grades exhibit an increase in the course when the project
is implemented, with the median score situated close to
6.5 points, showcasing a notable improvement compared to
the previous records. Notably, the scores achieved by students
in the upper quartile, with the below limit close to 9 out of
the maximum of 10 points, represent an impressive increase;
this means that nearly 25% of students obtained an excellent
grade (9–10 points according to the Spanish grading system).

Fig. 5. Average student scores for the three mid-terms from the course in
which the project implemented versus previous courses.

On the other hand, the 25th percentile has also increased, now
hovering around 5 out of 10 points, aligning with the pass/fail
threshold.

Fig. 6 represents the grades obtained in the project, calcu-
lated as the mean of the scores assigned by the various peers,
against the grades obtained in the corresponding midterm for
the three modules of the course for the students participating in
the project. The correlations (ρ) between both variables have
been calculated, and the linear regression has been plotted.
It has been verified through Shapiro–Wilk tests that all the
variables follow a non-normal distribution with a confidence
level of 95%. Therefore, nonparametric statistical tests apply.
For correlation analyses, Spearman’s correlation tests have
been applied.

From the results, there is a significant correlation (ρ)

between the scores obtained in the video tasks and in the
midterm exams for the three modules. This implies that
students who perform well in the project also achieve good
results in the corresponding midterm exams, and vice versa.

It can be seen that, as the course progresses, the correlation
(ρ) between the variables becomes slightly weaker, particu-
larly in the third and last module of the course. The AC circuits
module (p = 0.004) presents a weaker correlation (ρ) than
basic concepts/DC circuits (p <0.001). Moreover, the three-
phase AC circuits module (p = 0.017) presents the weakest
correlation (ρ). This might be explained by the fact that many
students tend to relax for the final midterm or become very
busy with exams from others, making it challenging for them
to maintain the same level of dedication to this particular
course. On the one hand, some students had already achieved
good results in the previous midterms, and they only needed
to attain a minimum grade in the third midterms to pass the
course. On the other hand, some students may have failed the
previous midterms and subsequently given up on the course.
However, in all cases the correlations (ρ) are significant for a
confidence level of 95%.

Notably, less than 10% of students who successfully com-
pleted the tasks included in the project failed to pass the
continuous evaluation of the course, and a mere fraction (less
than 5%) did not successfully complete the course after the
exam of the ordinary or extraordinary call. These results are
remarkable compared to the number of students who did not
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(a)

(b)

(c)

Fig. 6. Correlation (ρ) between the grades obtained in the projects, as
provided by peers, and the grades in the corresponding midterm exams for the
three modules of the course. (a) Basic concepts/DC circuits. (b) AC circuit
analysis. (c) Three-phase AC systems. Spearman’s correlation tests have been
applied for the calculation in all cases.

pass the continuous evaluation in the previous courses, as
shown in Fig. 5, or the past course failure rates, hovering
around 20%.

C. Quality and Trust in Evaluation Based on Peer Review

This section analyses the accuracy of evaluations based on
peer review by students, comparing them with those provided
by the teachers of the course. Fig. 7 represents the grades
provided by the peers, calculated as the mean of the scores
assigned by the various students, against the grade assigned
by the teacher, for the three modules of the course. The
correlation (ρ) between both variables was calculated, and
the linear regression has been plotted. It has been verified

(a)

(b)

(c)

Fig. 7. Correlation (ρ) between the mean score assigned by the peers and the
score assigned by the professor introduced as an incognito reviewer. The color
bar measures the disparity between the grades assigned by different peers by
calculating the standard deviation between them. Plots are represented for the
three workshops of the course. (a) Basic concepts/DC circuits. (b) AC circuit
analysis. (c) Three-phase AC systems. Spearman’s correlation tests have been
applied for the calculation in all cases.

through Shapiro–Wilk tests that all the variables follow a
non-normal distribution with a confidence level of 95%.
Therefore, nonparametric statistical tests apply. For correlation
analyses, the Spearman’s correlation tests have been applied.
Additionally, the standard deviation among the scores of the
peer reviewers is calculated and represented for each sample
using a color map.

From the results, all correlations (ρ) are significant
(p<0.001) and they show a strong correlation between the
two variables in all cases. This suggests that, in general,
students perform well as evaluators. Notably, the correlation
(ρ) for the second and third modules improves compared
to the first workshop. This improvement can be attributed
to the introduction of a rule mandating students to provide
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TABLE I
VIDEOS CONTAINING EXERCISES WITH WRONG METHODS AND/OR

SOLUTIONS FOR THE THREE WORKSHOPS OF THE COURSE

justifications in a designated box for different choices in the
rubric form.

The calculation of the standard deviation between the scores
assigned by the different peers also provides an interesting
measure about the objectivity and trust from students acting
as evaluators. In general, the deviations are acceptable and
well-compensated when using the mean score to determine the
final project grade. It can also be observed that, in many cases,
exercises with high deviations between the grades assigned by
the peers also differ from the grade assigned by the teacher. If
instructors aim to reduce their workload when implementing
this type of project, they could establish rules to select only
specific videos for visualization. One such rule could be
focusing on videos where the standard deviation between of
the scores by the different peers is significant.

Table I provides a summary of the videos containing exer-
cises that were executed using incorrect methods or had
incorrect explanations or solutions across the three modules of
the course. Table I also quantifies how many of these incorrect
exercises were identified by the peers serving as evaluators.
The results reveal that, out of the videos demonstrating
students solving exercises, only 7, 3, and 8 contained errors
or explained concepts poorly, constituting 25%, 10.7%, and
28.6% of the total, respectively. These errors were detected by
all the peers in most cases.

Examining the particular results for each module of the
course in Table I, it can be seen that in the first and second
workshops, all errors and poorly explained concepts were
successfully identified by at least one student serving as peer
evaluator. However, during the final workshop of the course,
there were two videos with minor errors that went undetected
by at least one student, representing 7.1% of the total.

V. DISCUSSION

The implementation of the presented project has been very
successful, considering the consistent results in the peer-review
grading method, as well as the improvement in academic
records and the feedback received from students, as shown in
Section IV. The responsibility of assessing the assignments of
their classmates has also empowered the students and notably
boosted their motivation.

Overall, a remarkable increase in class participation has
been observed, which is a relevant target in the teaching and

learning process. An increase in class participation is often
related to an increase in academic performance [36], [37].
Even though students’ participation in educational settings
is a multifactorial parameter, it is directly conditioned by
their relationship with the instructor and the fear of peers’
criticism. However, peers can also have a positive impact
on the decision to participate in class, such as when the
enthusiasm of a student can inspire others to participate more
actively [38], [39]. The continuous peer-review methodology
might also be positive in this regard, as students become
used to being exposed to their peers’ judgement during the
course. Moreover, active methodologies, such as the one
proposed in this study increase students’ engagement and
might foster the perception of a bi-directional path in the
learning process where the professor is not the only source of
information [40], [41], [42].

Furthermore, a rise in the number of tutoring requests
during office hours has been quantified, which are now
more distributed over the term. In the previous courses, all
requests were concentrated in the few days leading up to
the midterm and/or final exams; however, during this course,
tutoring requests have been consistently received every week
throughout the duration of the course. This can be explained
by the distribution of the different tasks of the project over
time, as shown in Fig. 2.

Based on the feedback obtained from students, one of the
notable positive aspects remarked upon is the flexibility that
the project offers to them. To complete each task, including
video submissions and revisions, students were provided with
a window of 7–10 natural days. This time allocation allows
them to effectively manage their schedules, in contrast to
the introduction of more continuous assessment tests that
would require the establishment of specific dates and times
for examination.

Moreover, an increase in academic performance has been
quantified when comparing the experimental group with the
control groups from three previous academic years. This aligns
with [3], who highlight that learning by teaching could foster
the generative processing that is necessary for significant and
long-term learning. Such generative processing involves the
active creation of a coherent representation of the studied
material. This allows to organize and integrate the new
information in a way that fits the learners’ prior knowledge [4].
Furthermore, according to CTML, the use of video-based
learning also reduces the essential cognitive load related to
the inherent difficulty of abstract and complex topics, such
as electricity. This is because the information is transmitted
through a dual channel (auditory and visual), thereby reducing
the cognitive demands [43], [44].

In addition to the improvement in academic outcomes,
this project enabled students to acquire or improve compe-
tence related to creating educational materials, developing
instructional videos, and presentation skills. These are key
skills for digital competence, as defined by DigCompEdu
framework [45].

From the results in Section IV-C, it can be concluded
that peer evaluations from students are sufficiently reliable.
The majority of errors and wrong explanations presented
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Fig. 8. Surveys to collect feedback from students of the academic year in
which the project is implemented (with project) vs the previous academic
year before the project (no project). Questions: Q1: How much time of study-
work have you used on average to prepare each midterm exam? and Q2: How
much time of study-work do you think is adequate on overall to prepare each
mid-term exam?

in the video solutions were detected by students acting as
evaluators. This aligns with current literature on peer-review
methodologies, concluding that students acting as peer review-
ers in properly designed educational settings often provide
reliable reviews when comparing them with the teachers’
evaluations [46], [47], [48]

However, as a means of further improving the results of the
proposed peer-review methodology, the following two ideas
will be implemented in future works: 1) increasing the number
of students acting as peer reviewers and 2) assigning a higher
weight to evaluations that deviate less from each other when
calculating the final grade for the project submission.

Finally, concerning the time students dedicate to study and
homework throughout the course, Fig. 8 displays the results of
questions addressing this aspect, as obtained from surveys dis-
tributed to students in previous courses and during the course
in which the project is implemented, respectively. According
to the feedback received, students have dedicated fewer hours
to preparing for the midterms, and they also perceive that
a lower number of hours is needed for their preparation.
The results suggest that after the implementation of this
innovation project, students have improved their academic
performance while dedicating less time to their studies. Such
a conclusion is in consonance with the outcomes from [1],
demonstrating that the exercise of explaining to fictitious oth-
ers on video format might constitute a more effective learning
activity before exams than restudy from the original learning
material.

A. Impact of the Project on the Working Load of the
Teachers and Challenges

The initial stages of the project involved a heavy workload,
particularly during the design of the project, the elaboration
of the evaluation sheets and the setup of the workshop tool.
Additionally, during this first pilot course, each video solution
was reviewed by the teacher. The main challenge now is
to extend this methodology to groups with a larger number
of students while avoiding an excessive workload for the
instructors. With the demonstrated reliability of the evaluations
provided by students, there is now greater confidence in the

peer assessment process. The obtained results suggest the need
to only revise the peer review form and to visualize videos
when there is a significant deviation in scores assigned by the
involved peers or when at least one reviewer has identified
a mistake or inaccuracy. As mentioned earlier, increasing
the number of peer reviewers per video can ensure a more
thorough and equitable evaluation.

Once the project is fully underway, the workload becomes
moderate, especially if not all student’s videos need to be
reviewed. Consequently, applying this project to courses with
a larger number of students will require an effort that should
be manageable. However, this approach has the drawback of
not allowing the evaluation of the review quality by comparing
it with the grade provided by the instructor. In this context,
an alternative system could be implemented where penalties
are applied to a student’s own video grade if it is detected
that they have conducted an unfair peer review of a classmate.
From the authors’ perspective, this limitation is not anticipated
to significantly impact the overall project.

On the other hand, it is important to highlight that there
was a noteworthy surge in student attendance during office
hours. Despite this, the hours designated by the university for
this responsibility remained adequate to address all students’
inquiries throughout the course.

B. Applicability and Limitation of the Workshop Tool in
Moodle

The workshop tool in Moodle has facilitated the imple-
mentation of the project presented in this article, as it is
specifically designed for peer assessment and collaborative
learning experiences. The use of customized rubrics in this
project improves the consistency and objectivity of peer evalu-
ations while maintaining anonymous assessment. Additionally,
the feedback and interaction between peers contribute to
continuous improvement in the subsequent tasks elaborated.

The tool automates aspects of the assessment process,
such as the distribution of submissions and the collection of
feedback, saving instructors time and streamlining the grading
process. However, the initial configuration of the workshop
tool in Moodle has been found challenging and not user-
friendly. Teachers involved in the project have requested
assistance from the digital department at their university for its
suitable configuration. The main limitation has been that, with
this tool, professors were not able to supervise the different
stages of the process by using a student role, and they did
not find extensive documentation or tutorials to resolve their
doubts about the workshop tool.

Another functionality of the tool is that it can automatically
evaluate how well the reviewers performed their task, allowing
the teachers to choose between different evaluation methods
for the reviewers (lax, strict, etc). However, explanations
on the methodology implemented for the evaluation of the
reviewer’s performance in Moodle are not available in Moodle
documentation, and the authors of this work were not able
to understand or trust the provided results. In this project,
the grades for the reviewers were assigned by the teachers
manually.
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VI. CONCLUSION

The implementation of an innovation teaching project based
on the elaboration of peer review didactic videos in an electric
circuits course is reported in this article. The proposed method-
ology integrates the benefits of four different pedagogical
approaches, which are outlined in the introduction section, into
a single project. The authors have found studies addressing
these approaches separately, but no similar proposals have
been found that combine all of them into a single compre-
hensive project, as presented in this research. The project
achieved an improvement in the academic records of students
and their homework study routine, while reducing the overall
time dedicated to study and homework (RQ2). Additionally,
students participating acquired new digital competence and
presentation skills.

The implementation of the project required significant
effort, but it is expected that the application of the project in
the future will be relatively simple, allowing its implementa-
tion in courses with a larger number of students. According
to the results of this experience, peer assessment proved
to be reliable, and instructors can restrict the visualization
of videos to specific cases, such as instances where grades
assigned by different peers differ, or when reviewers identify
mistakes in the solutions or explanations (RQ1). This change
will significantly alleviate the workload of instructors, thereby
facilitating the implementation of this project in courses with a
larger student population. However, the proposed modification
limits the evaluation of reviewer performance. In this regard,
for future course implementations, the number of reviewers
per video will be increased to enhance confidence in the
evaluation. Additionally, the rubric form will be expanded to
include more details.

Results obtained support the use of this kind of project.
The authors anticipate continuing its implementation in the
upcoming academic courses for this course. Given the positive
results, future efforts will include applying the methodology to
the engineering course “Magnetic Circuits and Transformers,”
which is coordinated by one of the authors at the same
university. In this case, the video-based and peer review
methodologies will foster both the conceptual and procedural
learning, reinforcing the understanding of the course content
and laboratory experiments. Additionally, a longitudinal study
will be considered to assess the long-term effects of this teach-
ing innovation project on students’ academic and professional
development.

APPENDIX A
RUBRIC FOR THE EVALUATION

OF THE VIDEOS

Question 1 (Content of the Video (50%)):
1) The solution given to the problem is not explained or is

incorrect. The problem is only solved in part.
2) The solution is correct, but the methods and equations

applied are not well described and the info is not
accurate or reliable.

3) The solution is correct; the solution methods are well
applied but the equations are not properly described
throughout.

4) The solution is correct, and the methods and the different
equations used are properly described.

5) The video solves the problem clearly and concisely,
including the detailed description of the solution meth-
ods and equations.

Question 2 (Quality of the Video (25%)):
1) The resources used to prepare the video are not adequate.

The video is neither well organized nor adequate for
educational purposes.

2) The resources used to prepare the video are adequate.
The image and audio are not the most adequate for
educational purposes and are not appealing.

3) The sound and visual quality are acceptable, but not
especially appealing.

4) The video has good sound and visual quality for the
standard of teaching purposes.

5) The video is well structured, visually appealing and the
quality of the video is excellent.

Question 3 (Engagement of the Video (25%)):
1) The video is not valid as didactic material. It is not

possible to follow the contents and the tone and pace
are neither engaging nor enthusiastic.

2) The video is not recommended as didactic material. It
is challenging to follow the contents and explanations.
The tone and pace are not the most adequate.

3) The video could be used as didactic material because is
clear, but the rhythm and tone are not engaging, and it
is not easy to maintain attention.

4) The video is clear, concise, and easy to follow. It
presents a good pace and tone and could be used as a
good didactic material.

5) The video is an outstanding example for educational pur-
poses. The tone of the video is engaging and enthusiastic
and holds the attention throughout.

Question 4: Consider Incorporating Constructive Comments
to Elucidate the Reasoning Behind Your Decisions.

APPENDIX B
GUIDELINES PROVIDED TO STUDENTS FOR PREPARING

THE VIDEO AND CONDUCTING

THE PEER REVIEW

Guidelines for Preparing the Video
Here are some recommendations to prepare your didactic

videos.
1. Read the evaluation rubric and be aware of the items

that are important for the evaluation.
2. Solve the assigned circuit in a paper or tablet, under-

standing all the methods and equations that you have
applied to obtain the solution. It is fundamental that the
solution proposed in the video is correct. Note that, the
numerical solution is given in the exercise’s sheets and
in case of doubts you can also ask the teachers for help.

3. Prepare a script for your video, making sure that your
video explains the basic laws, formulas, and principles
that are relevant for the circuit solution.
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4. Decide the format of your video (whiteboard and
tablet. . . ). It is not necessary that your image appears in
the video, but at least your voice must be in it.

5. Record the video. It is important to make it didactic and
easy to follow for other students.

6. Check the quality of the video before submitting it
(image, sound, contents. . . ). The maximum size of the
file is 200 Mb and the requested format mp4.

7. Upload the video to Aula Global (doodle platform of
UC3M) before the deadline.

Guidelines for Conducting Peer Reviews
The peer review process is blind for the student being

evaluated but the whole process and complete information
will be supervised by the teachers of the course. Be fair in
evaluating your peers. Assigning unfair grades (both too high
and too low) to your peers can negatively penalize your own
grade. You will have to evaluate your peer videos according to
the provided rubric form. For each question only one answer
must be selected. Providing additional comments to justify
your choices is mandatory.
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