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Abstract

Peer- and self-critical skills are key to properly performing engineering work, as they allow
engineering students to develop critical thinking regarding the quality standards required
in this professional field. This research aimed to determine whether educational experiences
based on temporal survey-based programs enabled the successful development of these
skills in students enrolled in six courses in the final years of their engineering degrees.
To this end, an educational experience of such a nature was implemented throughout a
complete academic year, aimed at fostering peer- and self-critical skills through continuous
formative assessment. The experience involved six student presentations evaluated by both
teachers and peers using a Likert-scale survey encompassing four dimensions: explanatory
ability, file quality, attitude, and overall assessment. Subsequently, these assessments were
provided to students to encourage reflection on the scores assigned and their own work.
The results revealed strong alignment between teacher and peer evaluations, with average
deviations below 7%, demonstrating effective development of peer-critical competences.
These results were also verified by means of analyses of variance. The greatest consistency
was found in “explanatory ability” and “overall assessment,” while “file quality” and
“attitude” showed wider variability, experience playing a key role in their precise evaluation.
Peer evaluations tended to be more uniform than teachers’, reflecting students’ limited
experience in discerning subtle performance differences. Additionally, 30% of students
expressed willingness to repeat their final presentation to achieve a higher grade, evidencing
substantial self-critical reflection. Qualitative analysis conducted through deductive cross-
coding indicated that this motivation stemmed from both intrinsic self-improvement and
peer-related responsibility. Overall, the results confirm that sustained peer- and self-
assessment activities can effectively cultivate critical thinking skills among engineering
students, although continuous practice is required to consolidate these competences. Future
research could explore the more adequate course types, and students’ ages to perform such
kind of educational experiences.

Keywords: university teaching; engineering education; critical thinking; self-criticism; peer-
to-peer criticism; temporal survey; itemized assessment; Likert scale; statistical analysis;
qualitative analysis
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1. Introduction
1.1. Competency-Based University Teaching and Its Link to Engineering

University education must comprehensively prepare students across all dimensions re-
quired for the development of their future professional practice. Broadly, these dimensions
can be classified into two main categories. The first is the knowledge dimension, which en-
compasses the acquisition of theoretical concepts, analytical procedures, technical skills, and
other disciplinary tools that enable graduates to perform their professional roles effectively
from an operational standpoint (Annala, 2023). The second is the competence dimension,
referring to the development of transversal and social skills such as teamwork, critical
thinking, effective communication, and public speaking, among others (Bezanilla et al.,
2019). Contemporary educational paradigms increasingly emphasize competence-based
learning and assessment, reflecting a shift from traditional content-oriented approaches
toward holistic student development (Moreira et al., 2023). This trend is evident in the
design of university curricula, where every course is explicitly linked to a set of profes-
sional and transversal competences (Cano et al., 2023). Furthermore, competence-based
assessment has progressively gained prominence in pre-university education, in some
cases exerting a greater influence on academic evaluation than knowledge acquisition alone
(Ponomarioviené et al., 2025). However, there are bibliographical gaps that show that it
is still necessary to delve deeper into the effective development of some competencies in
certain fields such as engineering education.

Effective engineering practice requires the acquisition and development of such com-
petences, as engineering work is inherently collaborative (Cruz et al., 2020). The design
and development of engineering projects are typically carried out within multidisciplinary
teams composed of professionals with expertise in different technical areas (Kolmos et al.,
2024). However, an engineering project should not be understood as a mere aggregation
of independent parts; rather, the various components must be coherently integrated and
interrelated to form a consistent whole (Kolmos et al., 2024). Moreover, project manage-
ment constitutes a fundamental professional responsibility of engineers, who must be able
to effectively coordinate and supervise multiple teams involved in the implementation
phase (Cerezo-Narvaez et al., 2019). Given the critical importance of these skills in profes-
sional engineering practice, a high number of studies and research efforts have focused
on identifying and promoting educational strategies that foster the development of such
competences among engineering students (Gonzdlez-Marcos et al., 2016).

To address this educational challenge, higher education institutions have progressively
adopted active learning methodologies aimed at promoting both technical mastery and
transversal competences among engineering students (Wang et al., 2023). Approaches such as
project-based learning, cooperative learning, and problem-based learning have demonstrated
significant effectiveness in fostering teamwork, communication, and critical thinking skills
(O’Connor et al., 2025), while maintaining a strong focus on technical problem-solving (Revilla-
Cuesta et al., 2020). These methodologies place students at the center of the learning process,
encouraging autonomy, creativity, and the practical application of theoretical knowledge in
real or simulated professional contexts (Rios et al., 2010).

1.2. Critical Thinking Competency

One competence that is often overlooked but is of great importance in engineering
practice is the development of critical thinking regarding the work performed. Although
engineering tasks are generally supervised at different stages, the quality of the outcome
frequently depends solely on the individual responsible for carrying it out (Litzinger et al.,
2011). Therefore, developing the ability to conduct a critical assessment of both one’s own
work and that of colleagues ensures that professional activities are performed in the most
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appropriate and effective manner (Turns et al., 2014). Engineers must possess the skills
required to evaluate the work of others objectively and fairly, and to communicate this
feedback appropriately, highlighting deficiencies or potential areas for improvement when
necessary (Shuman et al., 2005). In addition, they should be able to apply the same level of
scrutiny to their own performance, fostering a continuous process of self-assessment and
professional growth (Litzinger et al., 2011).

Scientific research has shown that teachers are perceived as authority figures by
students (van Gennip et al., 2010). As a result, corrections and assessments made by
them are often interpreted as orders or actions to be carried out, rather than as learning
opportunities for reflection on one’s own work (Nicol & MacFarlane-Dick, 2006). Peer
assessment, or co-evaluation, is a teaching methodology in which students evaluate and
provide feedback on the work of their classmates (Sluijsmans et al., 2002). Although these
evaluations do not contribute directly to the final grade of the course, they enable students
to reflect critically on their own performance, since the feedback comes from individuals at
the same level, without an authority position (van Gennip et al., 2010). This process can
foster a self-critical attitude, encouraging students to seek ways to improve the quality of
their work (Liu & Carless, 2006).

However, conducting a one-off peer assessment—that is, one which takes at a specific
point in time without being clearly integrated into the development of the course—may lead
students to approach it without the necessary seriousness and rigor (K. J. Topping, 2010).
Nevertheless, it has been demonstrated that when peer assessment is carried out periodically
and effectively integrated into the course structure, its usefulness increases significantly (van
Zundert et al., 2010). During the first implementation, students may not perform the activity
adequately, but over time, they tend to develop greater reflective skills with respect to the
work of their peers, and the initial reluctance to critique peer’s work and the tendency toward
friendliness diminishes (Panadero et al., 2013). Thus, peer assessment applied over time helps
to cultivate two essential competences in the engineering field. The first is peer evaluation
skills, enabling students to assess their classmates” work accurately and objectively (K. J.
Topping, 2010). The second is self-critical capacity, as repeated feedback from peers fosters a
natural tendency to improve and to address the comments received (Nicol, 2021).

1.3. Research Approach and Objective

In a previous study (Revilla-Cuesta et al., 2024), the authors of this research conducted
a temporal survey-based program aimed at helping engineering students develop critical
thinking skills regarding both their own work and that of their peers. Over the course of
a semester, students delivered a series of in-class presentations in which they evaluated
their peers” work, which was also assessed by the teachers. The evaluated aspects included
explanatory ability, the quality of the digital file (PowerPoint presentation), and attitude, in
addition to providing an overall assessment. Student assessment of these dimensions is a
pedagogical mechanism that activates fundamental critical thinking processes essential to
engineering practice. Evaluating explanatory ability engages students in argumentation
analysis, evidence appraisal, and causal reasoning (Barta et al., 2022). Assessing file quality
requires the application of disciplinary standards and analytical judgment (Deo & Holtta-
Otto, 2024). The evaluation of the attitude relates to the dispositional dimension of critical
thinking, including intellectual responsibility and openness to revision (Hong et al., 2021).
Finally, providing an overall assessment demands integrative judgment and metacognitive
regulation (Deo & Holttda-Otto, 2024).

The results of this study (Revilla-Cuesta et al., 2024) showed that explanatory ability
was the dimension in which students applied the highest level of rigor when evaluating
their peers, due to the ease with which this aspect could be assessed without the need for
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prior training. In contrast, overall assessment was the dimension where the greatest initial
overrating was detected, likely due to its similarity to the concept of a “grade”, which made
students more reluctant to initially apply the same level of rigor as they would in other
dimensions. Nonetheless, overall assessments became more stringent over time. In general,
this initial experience demonstrated the effectiveness of such programs, even leading in some
cases to situations where students’ evaluations were stricter than those of the teachers.
Drawing on this established model, the present paper analyzes the final outcome of
an extended, long-term experience, conducted over a full academic year applied to a new
cohort of students. Specifically, the study analyzes the results of a final survey, assessing the
development of students’ peer-review competence by comparing the evaluations provided
by students and teachers, as well as their self-assessment competence through the consid-
eration of their willingness to repeat and improve their own work. Therefore, this paper
aims to serve as a validation tool for this type of procedure in engineering courses, which
can be easily integrated into classroom activities to ensure adequate training of students in
essential engineering professional skills (Litzinger et al., 2011; Shuman et al., 2005).

2. Materials and Methods
2.1. Program

The students who participated in this research were enrolled in the 4th year of the
Bachelor’s Degree in Civil Engineering and in the 3rd and 4th years of the Bachelor’s Degree
in Agri-Food Engineering and the Rural Environment at the University of Burgos, Spain,
during the 2024/2025 academic year. Each participating student was registered in two
courses belonging to the same year of the same Bachelor’s Degree, taking one course during
the first semester and the second during the second semester. This structure facilitated a
longitudinal study with the same group of students throughout an entire academic year,
rather than a single semester, allowing the teaching experience to be developed over a
longer period. According to the available literature, peer-assessment experiences are more
effective when implemented over extended timeframes, which allow the minimization of
the subjective factors that affect peer evaluations, thus justifying the approach adopted in
this study (Tzeng et al., 2021). For this purpose, proper coordination among the teachers of
the courses was essential (Torlind et al., 2023).

Each student gave three oral presentations per course—that is, three per semester—in
front of their classmates and the teacher, with an approximate duration of 10 min each.
The topic of each presentation was related to the subject matter of each course, defined
individually by each teacher. However, their general approach was consistent across
courses, requiring students to search for, collect, and synthesize information. Therefore,
the degree of learning and understanding of course concepts was not directly assessed,
as many students would not have been able to perform an adequate peer evaluation in
that regard (Algassab et al., 2023). These presentations were carried out individually and
were scheduled approximately evenly throughout each course, depending on their specific
organization, while always avoiding the concentration of presentations within specific
time periods so that students could prepare all presentations under similar conditions
(Muklason et al., 2017).

In each presentation, both the students and the teacher evaluated the presenter’s work
across four dimensions: explanatory ability, quality of the prepared file (generally a Power-
Point presentation), attitude, and overall assessment; that is, the general impression conveyed
by the student during the presentation. Peers and teachers responded to the surveys simulta-
neously, thus avoiding bias arising from knowledge of each other’s scores. Furthermore, the
peers responded to the surveys anonymously, indicating only the name of the colleague they
were evaluating. This evaluation was conducted through a quantitative survey consisting of
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17 questions, which were identical for both the teacher and the students. Each question was
rated on a five-level Likert scale (from 1 to 5), where 1 meant “very bad” and 5 “very good”.
This type of scale is commonly used in studies of this nature (Koo & Yang, 2025).

All surveys were collected by the teacher, who calculated the average peer evaluation
score per dimension for each student and made these results available, along with their own
evaluation, within two days of the presentation via the course’s online learning platform.
The results remained accessible until the next presentation took place. This approach
allowed students sufficient time to reflect on their performance after receiving feedback,
identifying areas for improvement (Nicol & MacFarlane-Dick, 2006). Additionally, students
could clearly compare their own evaluations with those of the teacher, which, through
contrast, encouraged critical reflection on their peer assessment abilities and reduced the
subjectivity when assigning their scores (Revilla-Cuesta et al., 2024).

The evaluation of the final presentation, conducted at the end of the second semester of
the academic year, followed the same procedure. However, on this occasion, students were
also asked whether they would be willing to repeat their presentation to improve it and
obtain a higher grade after learning about their peers’ evaluations. Those who responded
affirmatively were asked to provide a brief written justification (approximately five lines)
explaining their reasons. The assessments and responses obtained in the last presentation
constitute the results analyzed in this research, which are the least affected by subjective
factors as efforts were made to minimize them during the whole experience.

The temporary organization of the program carried out for this research is detailed in

Figure 1.
Self-criticism
question
Reflection Reflection Reflection Reflection Reflection T
A Y A Y A Y A Y A \ ANALYSIS
Peer- and Peer- and Peer- and Peer- and Peer- and
teacher- teacher- teacher- teacher- teacher-
assessment assessment assessment assessment assessment
Second Third Fourth Fifth Sixth
presentation presentation presentation presentation presentation presentation
I ® - : ® L = | >
Academic
First semester Second semester year

Figure 1. Program description.

2.2. Participants and Courses

All students participating in this educational research were enrolled during the
2024/2025 academic year in courses belonging to the Bachelor’s Degree in Civil Engi-
neering and the Bachelor’s Degree in Agrifood Engineering and the Rural Environment at
the University of Burgos, Spain. Specifically, the study involved six courses: two from the
4th year of the Civil Engineering program, one in the first semester and one in the second
semester, and four from the Agrifood Engineering program, two from the 3rd year, one per
semester, and two from the 4th year, distributed similarly by semester. The specific courses
included in this study are detailed in Table 1.

These courses were selected not only to allow the temporal organization of the research
according to the described planned program, but also for the following reasons:
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e  Continuous supervision: Conducting the study in courses at the University which the
authors are affiliated allowed for ongoing and up-to-date monitoring of the research
(Cetin, 2018).

e  Manageable class size: All courses had a relatively small number of enrolled students,
which made it feasible to conduct individual presentations without organizational
issues and without any time constraints on the course (Mulryan-Kyne, 2010).

e Advanced academic level: The courses corresponded to advanced stages of university
education. It was expected that students enrolled in these courses, having completed
some prior university courses, would have a clear and appropriate understanding of
what constitutes a high-quality presentation, both in terms of the prepared material
and the presenter’s attitude (Brew, 2001).

A total of 50 students enrolled in the indicated courses voluntarily participated in this
study after being informed about what it involved. Their mean age was 21.54 & 2.97 years.
Only students who delivered all the presentations over the whole academic year were
included in the analysis of the results. In this way, it was ensured that the results and the
conclusions yielded from them were based on complete data. However, the results obtained
referred only to students who maintained a constant interest in the courses throughout the
whole academic year, discarding those students who decided to abandon them due to lack
of time or interest. The participating teachers had an average age of 43.48 4 10.28 years.

Table 1. Participating courses.

Bachelor’s Degree Year Semester Course

Civil Engineering 4th 1st Civil Engineering Projects

Civil Engineering 4th 2nd Environmental Engineering
Agrifood Engineering 3rd 1st Structural Technology
Agrifood Engineering 3rd 2nd Agrifood Building
Agrifood Engineering 4th 1st Agricultural Infrastructure
Agrifood Engineering 4th 2nd Green Space Engineering

2.3. Assessment Survey

All evaluations performed in this research, whether conducted by teachers or peers,
utilized the quantitative survey shown in Table 2. This survey was developed by the
researchers based on previous work (Revilla-Cuesta et al., 2021) and other relevant articles
in the scientific bibliography (Feijéo et al., 2021; Seifan et al., 2020). The Cronbach’s alpha
value for the survey was 0.795, indicating adequate internal coherence and reliability
following the experience of previous research in relation to the development of critical
thinking skills in engineering students (Revilla-Cuesta et al., 2024).

Respondents were asked to evaluate aspects of students’ presentations across three
primary dimensions using a five-level Likert scale (with 1 meaning “very bad” and 5 “very
good”), a straightforward and widely used assessment tool (Koo & Yang, 2025). The three
dimensions were: explanatory ability, file quality (quality of the PowerPoint presentation),
and attitude during the presentation. About five specific aspects were assessed under each
dimension. Moreover, at the end of the survey, an overall assessment of the presentation
was asked for, which can be perceived as a fourth dimension.

The survey did not include any evaluation regarding the course contents, such as omis-
sions of key concepts, correctness of discussions and explanations, or factual errors. This was
due to the fact that students were not expected to have proper training at this stage to make
informed judgments on these elements, which could have compromised the validity of such
peer assessments (Algassab et al., 2023). Instead, the dimensions evaluated focused solely on
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the effort and quality of the students’ preparation and delivery, independent of their mastery
of the subject matter of the course (Pascual-Gomez et al., 2015).

Table 2. Assessment survey, replicated from previous research (Revilla-Cuesta et al., 2024).

Explanatory ability

1. Preparation and deliver of the presentation was adequate, rather than simply

read aloud.

2. The speaker demonstrated understanding of the material, so the speaker explained it
and did not just recite it.

3. Concepts were explained properly.

4. Concepts were presented in a logical and acceptable order.

5. The speaker used their own words to explain the concepts.

6. I properly understood all the concepts that were explained.

File quality

7. The preparation of the file was careful.

8. The format of the file was attractive.

9. The organization of the file was well.

10. Images or graphs were used effectively to complement the text.
11. Text was concise and did not hinder clarity.

Attitude

12. The engagement of the presentation was well.

13. Some topics not included in the presentation file were addressed.
14. The interest of the audience was actively stimulated by the speaker.
15. The enthusiasm for the topic by the speaker was perceived.

Overall assessment

16. Speaker’s general evaluation.
17. Willingness to assist to another presentation by the same speaker.

After the students’ sixth and final presentation, in addition to completing the aforemen-
tioned assessment survey for both peers and teachers, the students were asked whether they
would be willing to repeat the presentation to improve it in order to achieve a higher grade
after receiving feedback on their peer and teacher evaluations. This question required a simple
“yes” or “no” response. Students who answered affirmatively were asked to anonymously
indicate, in no more than five lines, the reasons for their decision. In this way, the final
development of students’ self-critical capacity was also assessed (Liu & Carless, 2006).

2.4. Data Processing and Analysis

The evaluations from both peers and teachers for the first through fifth presentations
were analyzed to obtain the “average peer scores”. The purpose was solely to provide
these average peer evaluations alongside the teacher’s assessment to the students, in order
to promote student reflection and foster the development of critical thinking skills (van
Zundert et al., 2010). Moreover, the effect of time on this type of educational experience
had already been examined in previous research (Revilla-Cuesta et al., 2024).

Accordingly, this study aimed to evaluate the final outcome of an educational expe-
rience of this type in engineering students. Therefore, only the assessment survey scores
from the sixth (final) presentation for both peers and teachers, as well as the open-ended
responses regarding students’ willingness to repeat this presentation to improve their grade,
were analyzed in detail. This analysis had two objectives. The first was to compare the
evaluations made by peers with those of the teachers, in order to determine whether the
students had developed critical evaluation skills regarding the work of their peers (K. J.
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Topping, 2010). The second was to assess the development of self-critical ability in relation
to their own work (Nicol, 2021).

The analysis of the survey scores was conducted separately for each of the four
dimensions: explanatory ability, file quality, attitude, and overall assessment. For each
student presentation and dimension, the mean score was calculated from all the questions
belonging to that category (see Table 2), both for peer and teacher evaluations. Thus, it
was possible to effectively compare peers and teachers. Furthermore, this dimension-based
approach provided a broader and more comprehensive perspective of the results, avoiding
an excessive focus on specific aspects that could deviate from the objective of achieving a
general overview (Carless & Winstone, 2023). Once these mean scores were obtained for
each dimension from both peers and teachers, they were analyzed as follows:

e  First, an analysis of the deviation between the evaluations provided by the students’
peers and those given by the teachers was conducted (Section 3.1.1). To this end, the
mean score for each dimension was first obtained considering all student presentations.
Subsequently, the variations were calculated by taking the teachers’ assessments as
the reference value. This enabled an effective comparison between peer and teacher
assessments, as well as the identification of the dimensions in which the greatest
discrepancies occurred (Falchikov & Goldfinch, 2000).

e Second, confidence intervals for both peer and teacher scores were calculated for
each dimension at significance levels of 1%, 5%, and 10% (Section 3.1.2). These
confidence intervals were obtained after verifying that the scores assigned by both
teachers and peers followed a normal distribution. This approach allowed not only the
analysis of mean values but also the dispersion of the evaluations, providing a broader
understanding of the results. The objective was to determine not only whether the
mean values were similar but also whether the ranges of peer and teacher evaluations
overlapped, indicating potential agreement in their assessments (Langan et al., 2005).

e  Third, the uniformity of the evaluations across the four dimensions—that is, the
equality of the mean scores between dimensions—was analyzed for both teachers
and peers (Section 3.1.3), again considering the average scores for each dimension
calculated from all student presentations and the 95% confidence intervals. This
analysis aimed to identify similarities in the evaluation trends between teachers and
peers, assessing whether teachers and peers followed comparable patterns when rating
the different dimensions (Falchikov & Goldfinch, 2000).

e  Finally, an ANalysis Of VAriance (ANOVA) was conducted (Section 3.1.4) consider-
ing all experimental results to provide greater statistical robustness to the analysis
(Sridharan et al., 2019). Previously, the normality and randomness of the residuals and the
homoscedasticity of the experimental data were verified. The ANOVA was performed
at a 95% confidence level and included two scenarios: (i) the comparison between the
evaluations given by teachers and peers for each dimension, and (ii) the comparison of
the evaluations across dimensions within each group (peers and teachers).

The responses given by students to the question regarding their willingness to repeat
the presentation were analyzed in two steps. First, in terms of frequency, the percentage
of students who answered affirmatively was determined (Section 3.2.1). Second, the
reasons provided for such affirmative responses in the open-ended question were analyzed
qualitatively. This included a cross-coding process of a deductive nature carried out using
the Atlas.ti software version 8 (Section 3.2.2), allowing reasons to be grouped into categories
suitable for subsequent systematic analysis (Mastrobattista et al., 2024), and the generation
of a word cloud to identify the most frequently mentioned terms (Section 3.2.3), providing
a quick and clear overview of their main underlying motivations (McNaught & Lam, 2010).
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3. Results and Discussion

3.1. Peer-Critique Skills
3.1.1. Peer—Teacher Comparison: Analysis of Deviations

The mean scores provided by both the teachers and the peers for the sixth presentation
are detailed in Table 3. In addition, the standard deviation (SD) and the coefficient of variation
(COV) are presented for both datasets as indicators of the variability of such evaluations.
Table 4 also includes the deviations between the peers’ and teachers’ scores for each dimension.
These deviations were calculated by taking the teachers’ scores as the reference.

Table 3. Average scores.

. ) Peers Teachers
Dimension Average SD* COV* Average SD* COV*
Explanatory ability 4.36 0.34 0.08 4.29 0.72 0.17
File quality 4.37 0.33 0.08 4.15 0.67 0.16
Attitude 432 0.39 0.09 4.04 0.76 0.19
Overall assessment 4.38 0.34 0.08 4.37 0.60 0.14

* SD: standard deviation; COV: coefficient of variation.

Table 4. Deviations between peers’ and teachers’ scores.

Dimension Deviation (%)
Explanatory ability 1.61
File quality 5.37
Attitude 6.82
Overall assessment 0.27

When comparing the average scores provided by the peers and the teachers, it can
be observed that the peers’ evaluations were consistently slightly higher. This trend is
commonly reported in similar educational experiences, as students, despite specific training
aimed at minimizing such biases, tend to be influenced by friendship ties and a certain
reluctance to assign negative evaluations (Falchikov & Goldfinch, 2000; K. Topping, 1998).
Nevertheless, it is noteworthy that in all cases, the peers’ scores ranged between 4.0 and
4.5, which is below the “outstanding” threshold according to the Spanish grading system
(grade from 0 to 10, with a grade equal to or above 9 being outstanding, i.e., equal to or
above 4.5 on the Likert scale), and thus within the same range as the teachers’ scores. This
outcome may be attributed to the effective training in peer-critique skills, since the average
scores remained fair when compared with those of the teachers, despite being slightly
higher (Gielen et al., 2011). Additionally, the high scores may suggest the development of
self-critical skills among students, leading to increased self-demand and an improvement
in quality of their work with each presentation, as they performed the best when presenting
the final one (Revilla-Cuesta et al., 2024).

When analyzing the scores by dimensions, the “overall assessment” dimension was
rated almost identically by teachers and peers. This indicates that, through this experience,
students effectively developed the ability to evaluate the work from a holistic perspective,
thus providing a precise and critical overall judgment of the presentation, as also revealed
in the literature (Cho & Schunn, 2007). The “explanatory ability” dimension was also
accurately peer-assessed, showing only a 1.61% deviation from the teachers’ evaluations.
This result is consistent with the fact that any student can autonomously determine whether
they understand what is being explained and assess this dimension accordingly (Lu & Law,
2012). The peer-assigned scores for “file quality” and “attitude” showed greater deviations
compared to the teachers’ scores. However, these differences were still modest, within the
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5-7% range, which demonstrates that these peer assessments were also accurate and fair.
The ability to critically evaluate the quality of a presentation file (or a document) generally
develops through comparative experience, requiring the judgment of numerous examples.
The same applies to the assessment of attitude, where experience plays a key role. It is
evident that teachers, owing to their broader experience in such aspects, tended to be more
demanding in these dimensions (Gielen et al., 2011; Lu & Law, 2012).

Finally, when examining the variability of the scores in terms of standard deviation
and coefficient of variation, it was observed that these values remained approximately
constant across dimensions for both peers and teachers. However, the variability values
obtained for teachers were roughly twice as high as those of the peers. The teachers’
experience enables them to more precisely discern the differences in the quality of work
produced by each student, allowing them to provide more differentiated assessments (Lu
& Law, 2012). This, in turn, explains the greater variability in their evaluations. In contrast,
although students were able to assess their peers fairly on average, their evaluations tended
to be overly uniform across classmates. This finding suggests that the ability to provide
differentiated and nuanced assessments is a skill that requires prolonged practice and
sustained development over time (Revilla-Cuesta et al., 2024; van Zundert et al., 2010).

3.1.2. Peer—-Teacher Comparison: Analysis of Confidence Intervals

Figure 2 presents the confidence intervals of the evaluations provided by both peers
and teachers for each of the assessed dimensions. Three confidence levels were considered:
90% (Figure 2a), 95% (Figure 2b), and 99% (Figure 2c).

Regarding the confidence intervals, the first relevant aspect is linked to the score
variability discussed in the previous section. Thus, the confidence intervals for the teach-
ers’ assessments were wider than those obtained for the peer evaluations. As mentioned,
teachers provide more accurate assessments due to their greater experience in this task,
while students are not yet able to evaluate their peers’ performance with the same level of
critical judgment (Gielen et al., 2011). In this educational experience, critical thinking skills
were developed through an academic year-long practice; however, the scores provided by
the students still reflected these differences. Therefore, it would be essential to continue
fostering such skills over time so that students can progressively develop them and eventu-
ally apply them effectively in their future professional practice within the engineering field
(Litzinger et al., 2011; Shuman et al., 2005).

The confidence intervals for the “explanatory ability” and “overall assessment” di-
mensions were found to coincide between peers and teachers, regardless of the confidence
level considered. In other words, the interval obtained for peer evaluations was always con-
tained within that obtained for teachers. This indicates that, in addition to the mean scores
being similar, their distributions were also comparable. Thus, statistically, the evaluations
from both groups in these dimensions were equivalent (Cho et al., 2006; Sung et al., 2005).

Conversely, the confidence intervals for the “file quality” and “attitude” dimensions
only partially overlapped, with the lower range of peer evaluations coinciding with the
upper range of those given by teachers. This overlapping area increased with higher confi-
dence levels, becoming nearly identical at the 99% confidence level. As discussed earlier,
the assessment of these two dimensions largely depends on the evaluator’s experience (Lu
& Law, 2012), which explains why peers tended to assign higher ratings. However, the
substantial overlap of the confidence intervals between peers and teachers is consistent
with the fact that the year-long training aimed at developing critical thinking regarding the
work of the classmates was effective, as peers’ evaluations aligned closely with those of the
teachers (Falchikov & Goldfinch, 2000). Nevertheless, it is evident that continued training
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over time would be necessary to achieve fully consistent and robust evaluation skills with
regard to these two dimensions (Panadero & Brown, 2017).
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Figure 2. Confidence interval of peers” and teachers’ scores: (a) 90% confidence (10% significance);
(b) 95% confidence (5% significance); (c) 99% confidence (1% significance).

3.1.3. Inter-Dimensional Comparison

Previous sections showed that peers evaluated students more uniformly, presenting
lower variability across dimensions compared to the teachers’ assessments, a result at-
tributed to the peers’ limited experience in performing individualized assessments (Gielen
etal., 2011). Building on these findings, this section shows an inter-dimensional compari-
son; that is, it analyzes the uniformity of evaluations across dimensions for both peers and
teachers. To this end, data is presented comparatively in Figure 3, considering both average
values (Figure 3a) and 95% confidence intervals (Figure 3b).

Again, the scores provided by peers were more uniform across the different dimen-
sions, with all values ranging between 4.30 and 4.40 (a deviation of 1.4% between the
highest and lowest scores). In contrast, the teachers” assessments showed greater variation
across dimensions, with the lowest average score being 4.04 and the highest 4.37. This
higher variability in teachers’ inter-dimensional evaluations can be explained by their
greater experience in assessing the “file quality” and “attitude” dimensions, as supported
by scientific literature (Gielen et al., 2011; Lu & Law, 2012). Students, lacking similar
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experience in evaluating these dimensions, even after training over an entire academic year,
tended to assign scores similar to those given in dimensions where they exhibited greater
understanding and critical thinking skills (“explanatory ability” and “overall assessment”)
(Cho & Schunn, 2007). The 95% confidence intervals showed the same trend, being almost
coincident across all dimensions in the case of the peers’ evaluations.

(@) 59 @ Explanatory ability W File quality
Iy NE 7

’ e = i ‘ ] l l
§4.o i o

Peers Teachers

Figure 3. Inter-dimensional comparison for peers’ and teachers’ scores: (a) average values; (b) 95%
confidence intervals.

3.1.4. Significance Analysis

Table 5 shows the p-values obtained from the one-way ANOVA regarding the signif-
icance of the evaluator when assigning scores to each of the four analyzed dimensions
(peer—teacher comparison). Additionally, Table 6 presents the p-values from the ANOVA
corresponding to the analysis of the significance of the evaluated dimension for each
evaluator group (inter-dimensional comparison).

Table 5. One-way ANOVA for the comparison between peers” and teachers’ scores.

Dimension p-Value
Explanatory ability 0.5498
File quality 0.0411
Attitude 0.0288
Overall assessment 0.9058

In both cases, the ANOVA results confirmed the aspects discussed and highlighted in
previous sections. On the one hand, the evaluations of the dimensions “explanatory ability”
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and “overall assessment” by both peers and teachers were statistically equivalent, whereas
they were significantly different for the dimensions “file quality” and “attitude.” On the other
hand, the evaluation of each dimension by teachers differed statistically across dimensions, in
contrast to peer assessments. These results can be explained by the lower experience of peers
in assessing aspects such as document quality or attitude, which is considerably higher among
teachers (Falchikov & Goldfinch, 2000; Panadero & Brown, 2017). Thus, it is evident that one
academic year of training in evaluating these dimensions is insufficient for peers to achieve a
level of critical assessment comparable to that of a teacher, indicating that such training should
be extended over longer periods during university education (van Zundert et al., 2010). These
are the dimensions that require more intense training and education to achieve proper peer
assessments (Revilla-Cuesta et al., 2024).

Table 6. One-way ANOVA for the inter-dimensional comparison.

Evaluator p-Value
Peers 0.8358
Teachers 0.0476

3.2. Self-Critical Skills
3.2.1. Frequency Analysis

The percentages of students who responded either affirmatively or negatively to the
question of whether they would be willing to repeat their presentation to achieve a higher
grade are shown in Figure 4. Specifically, 30% responded affirmatively, while 70% indicated
that they would not. This figure also displays the average scores received from peers for each
of the two student groups. The ratings were very similar for both groups, and even slightly
higher for those who answered affirmatively; that is, those who were willing to repeat the
presentation. In many cases, students who choose to redo an assignment do so because they
have received a grade below the average. Thus, when comparing their performance with
that of their peers, they may feel motivated to improve it (Liljerod et al., 2025). In this case,
however, such a situation did not occur. Therefore, assuming that the subjective factors that
may affect the decision to repeat the work were the same for both groups of students, as all the
students were in the same situation (Panadero et al., 2013), it seems that the students” decision
to repeat the work was not driven by a low grade but rather by a reflection on the quality of
their work and on whether they felt capable of improving it.

AVERAGE PEER SCORES:
* Explanatory ability: 4.41/5
* File quality: 4.34/5
* Attitude: 4.35/5
* Overall assessment: 4.42/5

AVERAGE PEER SCORES:
* Explanatory ability: 4.34/5
* File quality: 4.38/5
« Attitude: 4.31/5
* Overall assessment: 4.36/5

Figure 4. Ratio of students with affirmative and negative responses, and average peer scores.

Considering the conditions under which this presentation took place, the authors of
this study regard the percentage of students who responded affirmatively as relatively high:

e  First, this final presentation was conducted at the end of the academic year (Figure 1).
A period when students face the final exams of all second-semester courses and, conse-
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quently, experience a high workload. Moreover, fourth-year students were also in the
final stages of completing their Bachelor’s Thesis, which, at the University of Burgos
(Spain), consists of a complete engineering project in the participating Bachelor’s De-
grees, further increasing the students” workload. Under such circumstances, students
typically avoid taking on additional tasks (Jensen et al., 2023).

e  Second, the grades obtained were high, exceeding 4/5 in all dimensions and regardless
of the evaluator. Such high scores tend to reduce students’ motivation to repeat the
presentation or project in order to yield a higher mark (Liljerod et al., 2025).

Thus, the fact that 30% of the students who participated in the study were willing to
repeat the presentation indicates that the experience was successful in fostering students’
self-critical abilities regarding their own work. This demonstrates their intention to improve
the quality of their presentations, and consequently their grades, despite the high workload
they faced at that stage of the academic year.

3.2.2. Qualitative Analysis

To gain deeper insight into the reasons why students who answered affirmatively were
willing to repeat their presentations, they were asked to provide anonymous, open-ended
responses explaining their motivations, in a maximum of five lines. The collected text
fragments were qualitatively analyzed through cross-coding, a methodological approach in
which the authors have prior experience (Revilla-Cuesta et al., 2022). This analysis allowed
the identification of three main reasons underlying this attitude.

Firstly, some students indicated that they felt capable of improving identified deficiencies
(code “capacity”); believing the enhancement was achievable, they found no reason to avoid
repeating the presentation. From their perspective, making such improvements only required
a small investment of time and effort, which they considered manageable despite their already
heavy workload. These responses reflect a high level of self-demand that has arisen naturally,
not forced by imposition, likely fostered by the continuous and periodic exposure to peer
constructive critique throughout the course (Revilla-Cuesta et al., 2024). This is a positive
reaction, as it encourages engineering students to consistently strive for excellence in their
professional performance (Wu et al., 2021), as long as this attitude remains balanced, as
excessive self-demand do not favor this goal (Bakker & Mostert, 2024).

“The aspects my peers criticized are things I believe I can improve with a bit of effort [...]”

“[.. .1t bothers me that the lowest score from my classmates was for the PowerPoint file [. . .]
if I just spent a bit more time on it, it would be much better [...]” “It's true that we now have
all our final exams [. . .] but doing them well is still compatible with spending an afternoon
trying to improve this project, especially since we are given the opportunity to do so.”

Secondly, some students were strongly influenced by their peers’ feedback, stating
that the opinion that their classmates had of them was the main reason for wanting to
repeat the presentation (code “peers”). For these students, it was important that their peers
perceived that they had done a good job. This behavior can be interpreted as a sense of
responsibility towards others, where students who exhibit this attitude wish their peers’
efforts to be rewarded with a positive outcome (Simonsmeier et al., 2020)—in this case, by
attending a well-delivered presentation. Therefore, this outcome can be understood as an
indirect self-criticism, highly conditioned by others’ opinions (Ardill, 2025; Keller et al.,
2025), which can be particularly valuable in teamwork, an essential aspect of professional
engineering practice (Cruz et al., 2020). However, this type of self-demand requires further
development to ensure that students are able to be critical of their own work even when it
is not going to be observed or assessed by others (Revilla-Cuesta et al., 2024).

“[.. .11t really bothered me that my classmates thought the presentation wasn’t very good
[...]” “I didn’t have enough time to do it as well as I could have [. . .] I even feel like I

https:/ /doi.org/10.3390/educscil6020306


https://doi.org/10.3390/educsci16020306

Educ. Sci. 2026, 16, 306

15 of 20

made my classmates waste some of their time [...]” “[...] When I didn’t know how to
continue and started reading from my notes during the presentation, I even felt a bit
embarrassed [. . .] after spending the whole year doing this kind of presentations, my
classmates saw that I did it poorly. [...]”

Finally, some students expressed feelings of frustration and unfairness regarding the
assessments they received, indicating that, from their perspective, the work they had done
deserved a higher score (code “feelings”). Consequently, they stated that they were willing to
repeat the presentation to achieve a score more in line with their perceived performance. These
responses also reflected a demanding attitude, though in this case directed not toward their own
work, as in the previously discussed group, but toward the evaluations made by their peers.
This type of reaction is quite common when students are asked about the peer assessments they
receive and highlights that developing self-critical skills is not an easy task, as it is always more
comfortable and straightforward to demand more from others than from oneself (Rasooli et al.,
2025). In this case, working on these skills over a single academic year may not be sufficient
for some students, even though peer-critical skills were successfully fostered. Therefore, it is
necessary to work continuously on the development of these skills throughout the entire period
of university education, as highlighted in the literature (K. J. Topping, 2010).

“[...]I believe that the score I received has been too low [. . .] I put in much more work
than what was reflected.” “I was surprised when I saw my score [. . .] I think I invested
enough time to deserve a higher recognition.” “[...] My classmates did not evaluate my
work properly. They were not able to perceive all the effort and time I had dedicated to the
PowerPoint presentation.”

3.2.3. Word Cloud Analysis

Figure 5 shows the word cloud representing the most frequently repeated words in the
students’ responses. It can be observed that the two most common words were “classmates”
and “time”. This finding reinforces two key ideas. On the one hand, students who were
willing to repeat the presentation were strongly influenced by their peers’ opinions when
considering whether they had to improve their work. On the other hand, time emerged
as a crucial variable, both in terms of the time available to redo the presentation and the
perceived correlation between the time invested in the project and the grade obtained. Other
frequently repeated words, such as “improve”, “effort”, and “bit”, are clearly associated
with the idea that students believed a little more effort would allow them to enhance
their performance, demonstrating a notable capacity for self-criticism regarding their work

(Wu et al., 2021), thus validating the program’s effectiveness on self-reflection.

improve

Figure 5. Word cloud of the words most frequently used by students in their answers.
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4. Conclusions

This article presented an educational experience conducted over a full academic
year within university engineering education. This experience consisted of six in-class
presentations delivered by students throughout the 2024 /2025 academic year, which were
evaluated using a Likert-scale survey considering the dimensions “explanatory ability”,
“file quality”, “attitude”, and “overall assessment”. Each presentation was assessed both
by the teacher and by the students’ peers. After each presentation, these evaluations were
shared with the students, allowing them to reflect both on the appropriateness of the scores
they had assigned to their classmates (development of peer-critical skills) and on their
own performance (self-critical skills). After the final presentation, the same survey was
administered again, and the resulting data are presented and analyzed in this article. In
addition, once these evaluations had been received, students were asked whether they
would be willing to repeat the presentation to achieve a higher grade. Those who answered
affirmatively were asked to briefly explain their reasons in open-ended responses, which
have also been qualitatively analyzed in this paper. From the whole analysis, the following
conclusions can be drawn:

e  Onaverage, the evaluations provided by the teachers and peers were very similar, with
those of the students being slightly higher. In fact, the maximum deviation between
them was only 7%, which demonstrates the successful fostering of peer-critical skills
among the students, as they consistently assigned ratings comparable to those given
by the teachers.

e  The assessments for the dimensions “explanatory ability” and “overall assessment”
were almost identical between teachers and peers, with maximum deviations of 1.6%.
However, the deviations for “file quality” and “attitude” were significantly higher.
Thus, although peer-critical skills were successfully developed, this occurred more
effectively in those dimensions where proper evaluation requires less prior experience
and temporal training.

e  The confidence intervals of teacher and peer evaluations completely overlapped for
the dimensions “overall assessment” and “explanatory ability”. The overlap was
only partial for “file quality” and “attitude”, where the lower bound of the students’
interval coincided with the upper bound of the teachers’ interval. Such range of
common values increased as the confidence level rose, statistically indicating a high
degree of agreement between both evaluators.

e The evaluations given by peers were more uniform than those of the teachers, both
when analyzing variations between students and across dimensions. The reduced
prior experience of the peers in perceiving differences between students’ presentations
and assessing the dimensions “file quality” and “attitude” led them to rely more on
comparative assessments, resulting in greater uniformity. The capacity to deliver
differentiated and nuanced evaluations with regard to these aspects is a skill that
develops gradually and requires sustained practice over time.

e  Overall, 30% of the students were willing to repeat the final presentation to improve
their grade. This percentage of students was high, considering that they had a heavy
workload and taking into account that the scores they received from their peers were
even higher than those of the students who chose not to repeat. All this indicates
successful development of self-critical skills.

e  The reasons for deciding to repeat the presentation were related to the development of
self-critical skills, which were either naturally fostered through the training conducted or
indirectly driven by a desire to make a good impression in front of their peers. However,
some students also mentioned feelings of unfairness with the scores received, indicating
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that the development of such abilities requires sustained work over time. Furthermore,
this also shows that trust in assessment processes require continued development.

The teaching experience presented in this article demonstrates that initiatives of this
kind can be effective for developing peer- and self-critical skills in engineering students.
Training in these competences helps successfully develop critical thinking, thus preparing
students for the responsible practice of their future professional roles. Peer- and self-
assessment of the four dimensions considered prompt pedagogical mechanisms closely
linked to critical thinking, such as argumentation analysis, analytical judgment, willingness
to reconsider one’s views, and integrative judgment. However, the study also shows
that fostering such competences requires long-term effort, as their development is not
possible without regular and systematic reflection by students on these aspects. Therefore,
conducting educational experiences over extended periods of time is fundamental for the
effective development of peer- and self-critical skills by students.

The results of this research can be further complemented by future studies that delve
deeper into the usefulness of these types of educational experiences for the development of
peer- and self-critical skills in engineering students. These include comparing the results
of the study sample with those obtained in a control group, which would provide a more
objective understanding of the usefulness of this educational initiative. Another possibility
could be the use of 10-point Likert scales in the surveys, which would allow for a clearer
elucidation of the differences in the scores given by students and teachers. From here, it
would be appropriate to analyze which course types and age groups are most suitable for
conducting these types of educational experiences.
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