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Introduction: Engineering students should develop critical-thinking skills and
insist on appropriate performance levels both from themselves and from their
colleagues during their training. In doing so, they will adopt critical attitudes
toward their own and others’ work. This will help them to successfully perform
their future professional work with the highest standards.

Methods: In this research, peer- and self-assessments of in-class presentations
through a survey-based program were used to analyze the development of
critical-thinking skills among engineering students. The program included two
key features: firstly, formative assessments were repeatedly conducted over
time; secondly, teachers’ ratings were provided to students as comparative
benchmarks. This approach encouraged students to reflect on their ratings over
time using the reference of the teacher.

Results: From a general perspective, the analysis of survey responses showed
that students assigned lower ratings in assessments conducted at a later stage,
despite receiving higher ratings from their teachers over time. Therefore,
students became more demanding throughout the experience in spite of
the increased quality of their work according to the teachers’ assessments.
Moreover, students tended to closely attune their evaluations to their teachers’
ratings. Comparing peer- and self-assessments, it was noted that students
were more demanding toward the work of their peers in the long term, and
especially their ability to explain concepts, than they were toward their own
work. Nevertheless, high temporary increases were observed in students’ own
self-assessments of presentation-file quality. Finally, students did not conduct
overall assessments with the same level of demand as their teachers at any time
during the experience.

Discussion: The results demonstrate that this program and similar initiatives
are useful to help engineering students to develop critical-thinking skills and to
broaden their expectations with respect to their own and their colleagues’ work.
However, other relevant aspects could be evaluated in lengthier programs,
such as whether the students’ levels of critical thinking and expectations are
maintained when the comparative reference of a teacher's assessment is
unavailable.
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1 Introduction

Critical pedagogy is an educational stream aimed at fostering
critical awareness in students, both in terms of self-, peer- and social
criticism (May, 2024). This type of pedagogy intends students to
develop critical-thinking skills regarding the surrounding social
reality, as well as with the attitudes and work of others and themselves
(Dessingué and Wagner, 2024). The scope of these skills will depend
on the formative stage. Students in early stages of their education
(infant and primary) should be able to assess whether a behavior is
right or wrong, and determine whether any action could have been
performed in a more correct way (Noula, 2018). In more advanced
educational stages (secondary school), critical pedagogy includes the
development of critical thinking not only about attitudes, but also
about social realities and the own and others’ work (Heckler et al.,
2013; Lithoxoidou et al., 2021). Finally, in the field of higher education,
the implementation of this type of pedagogy is extremely useful, as it
prepares students to excel in their future professional work through
self- and peer-assessments (Echeandia et al., 2024), promoting a
successful peer-to-peer work environment (Lithoxoidou et al., 2021).

Engineering stands as a field in which the application of critical
pedagogy can be particularly beneficial for students, given that it is a
profession with a very clear civic vocation, in so far as its final aim is
to respond to collective needs across a wide range of areas within
society (Silveira et al., 2020; Kivimaki et al., 2023). Those areas range
from proper management of a continuous supply of food, water, and
electricity, to the design and the provision of goods, housing, and
infrastructure (Revilla-Cuesta et al., 2023). Indeed, consumers and by
extension society as a whole will often pronounce their own verdicts
on the acceptability or otherwise of engineering works (Suomi et al.,
2017). However, an absence of open evaluation may lead engineering
professionals to adopt conformist attitudes, stifling creativity and
resulting in the mere fulfillment of their duties. So, given the strong
social focus of the engineering profession, it is essential that engineers
give their utmost to their work and address the problems that may
arise in the most effective way (Casper et al., 2021; Dias, 2023). In
other words, engineers must adopt critical attitudes and hold high
expectations toward their own work, striving at all times to excel.

Rather than the work of one individual, engineering projects
invariably involve multidisciplinary teams today, in which a specific
dimension is developed by each member (Sacks et al., 2022). An
engineer must therefore employ communication and teamwork skills,
working in coordination with colleagues, so that the final project may
be perceived as a whole, rather than as a collection of interconnected
parts (Al Hadithi, 2018; Say et al., 2022). In addition, based once again
on the social focus of an engineer’s professional work, engineers must
be critical and demanding with regard to the work of their peers, so
that teamwork can solve each problem in the most appropriate way
(Mesutoglu et al., 2022). Although some engineers may be working to
the best of their ability, their efforts might be in vain, if other team
members are not doing so.
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In view of the above, it is essential that engineers acquire self-
criticism and peer-critique skills during their training (Mesutoglu
et al., 2022; Santos et al., 2023). In doing so, future professional
engineers will gain critical expectations toward their own work and
the work of their peers, with the final aim of arriving at the most
effective solutions (Siu, 1999), thereby guaranteeing the fulfillment of
their professional commitments (Revilla-Cuesta et al., 2023).

In terms of educational methodologies, peer- and self-assessment
in the context of formative assessment are effective tools to help
students develop critical-evaluation skills (Hortigtiela et al., 2015). The
literature suggests that those assessments should never contribute to
the final grade of a course (Lee et al., 2023), so that sort of mechanism
helps students to reflect both on their own performance and on the
performance of their peers, abandoning the common tendency to
consider that minimum effort may at times be sufficient (Brazeal et al.,
2021). However, time constraints and the absence of an objective
reference often limit the effectiveness of those sorts of educational
methodologies, in terms of developing critical thinking:

o Time is generally a fundamental variable in any learning process.
On the one hand, time means that learners progressively
comprehend and internalize concepts, so that they are capable of
applying or explaining them later on (Chu and Chen, 2012;
Bongers et al., 2020). On the other hand, in terms of skills and
competencies, progressive changes among learners, whether in
their thinking or their actions, also require time (Ryan et al.,
2023). Peer- and self-assessments conducted at a specific point in
time leave no room for learners to reflect on the adequacy and
correctness of their previous assessments, and to apply the
conclusions and insights that they have reached in future
assessments (Soria et al., 2023). Repeated assessments over
lengthier time scales can solve those sorts of issues (Pueyo and
Alcala, 2020).

« Any type of assessment is inherently subjective (Iskandar et al.,
2023). If we solely focus on a numerical scale, the same rating in
an assessment may correspond to two different levels of work or
learning for two different people (Fagerlin et al, 2007).
Furthermore, student ratings of their peers may often
be influenced by friendship (Revilla-Cuesta et al., 2020) and
many people cling on to the erroneous perception that their work
is always of a high level of quality (Glenn and Pepper, 2023).
Sharing an objective assessment, such as for example, the
assessment of the teacher, can therefore serve as a reference
element for the students to reflect upon both peer- and
self-assessments.

Surveys are certainly the most effective element for that sort of
assessment, because of their clear evaluation framework (Zheng and
Xu, 2023). Two main groups can be distinguished. Quantitative-
survey results show students their assessments on an objective scale,
indicating whether improvement is needed, and leaving the student
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to reflect upon the aspects to improve, as they are not specified
(Edelhauser and Lupu-Dima, 2021; Leung et al., 2021). Qualitative
survey results give students some knowledge of where improvements
may be introduced (Hortigiiela et al., 2015), although they offer no
overall assessment and, if the explanations are not sufficiently clear,
the results may disorient students as to where they need to improve
(Revilla-Cuesta et al., 2023). A survey that requires quantitative
assessments of the work within a wide range of dimensions is perhaps
the most appropriate way to perform these assessments, as it offers the
student a clear breakdown of the areas that are evaluated and the
grades for each one (Lee et al., 2023; Soria et al., 2023).

In this paper, the utility of an innovative program is discussed. It
is based on quantitative surveys to teach self-criticism and peer-
critique to engineering students, addressing the utility of both over a
relatively broad time scale, and using teacher assessments as a
comparative reference. To do so, the students prepared several in-class
presentations that were self- and peer-assessed, the ratings for which
were subsequently published alongside the teacher’s ratings, leaving
the students with sufficient time for reflection before the next
presentation, which was once again self- and peer-assessed. The idea
is to underline that the implementation of this sort of activity, quite
simple in itself, means that student expectations toward their own
work and the work of others are broaden, which positively affect their
performance and their awareness of the civic purpose of their future
profession as engineers.

2 Materials and methods
2.1 Study program

The students participating in this program were enrolled on
various Bachelor’s and Master’s engineering degrees at university. They
delivered three in-class presentations on topics related to each course
that their teachers had previously defined. Each presentation was the
individual work of each student and involved gathering information
on the proposed topics to prepare a presentation, which was
subsequently presented in class within a timeframe of 8 to 10 min. The
presentations were evenly distributed throughout the 12 weeks of each
course. Thus, the first in-class presentation was conducted 4 weeks
after the beginning of the course, and the two following ones were
4 weeks apart.

During the first in-class presentation, following the quantitative
survey developed for this research and shown below, different aspects
of the work and the attitudes of each student were rated by their peers
and their course-teacher. A 5-point Likert-type scale (1, very bad; 5,
very good), quite common in this kind of study (Oliveira et al., 2023),
was used. In addition, when the students had finished their
presentations, they self-assessed themselves using the same survey.
The course teachers collected all completed surveys and posted the
results on the teaching platform the day after the first presentation.
They remained available until the second presentation. In that way, the
students could reflect on the ratings they had received, on their self-
and peer-assessments, and on their own work over a suitable period
of time and when preparing the next in-class presentation (Hortigiiela
etal,, 2015). The teacher’s rating that served as a comparative reference
when conducting this reflection was also posted on the student
platform (Glenn and Pepper, 2023).

Frontiers in Education

10.3389/feduc.2024.1399750

The same process was followed for the second and third
presentations, although the third presentation was the last one for all
the courses and any student reflections after that presentation were not
monitored. The entire process of this study is depicted in Figure 1.

2.2 Study units and participants

The students were enrolled on study units that formed part of two
Bachelor’s degrees and a Master’s degree at the University of Burgos,
as detailed in Table 1. This is the university where the authors are
affiliated, so conducting the study there enabled up-to-date follow-up.
All the study units met two requirements. Firstly, they had a reduced
number of students (maximum of 15 students enrolled), so that the
students could complete the three in-class presentations individually
in every one with no problems related to timing and course
organization (Imran et al, 2022). Secondly, the study units
corresponded to advanced years of the Bachelor’s, and the Master’s
Degrees. At these educational stages, university students will have
developed deeper insight into the quality of a presentation, whether it
is their own work or the work of their peers (Furdui et al., 2021),
which implies deeper and more demanding reflection (Revilla-Cuesta
et al., 2020).

In all, 44 students enrolled on the study units shown in Table 1
participated in the study. Their average age was 22.58 + 3.38 years old.
Those students gave the three in-class presentations on some courses,
so their results could yield valid conclusions. The students who gave
only one or two presentations were not considered. The average age of
the three teachers who participated in this research on a voluntary
basis was 37.33 + 8.08 years old.

2.3 Instrument: survey

All the assessments reported in this study, whether teacher-, peer-,
or self-assessments, were conducted by completing the quantitative
survey shown in Table 2. The researchers who conducted this study
developed the survey on the basis of previous work (Revilla-Cuesta
et al., 2021) and other studies available in the literature (Seifan et al.,
20205 Feijoo et al., 2021). The Cronbach’s alpha coefficient of the
survey results was 0.795, which confirmed the internal consistency or
reliability of the data at a level that, on the basis of previous experience,
was considered adequate (Revilla-Cuesta et al., 2021).

The survey respondent was simply asked to evaluate aspects
pertaining to three dimensions of the students’ in-class presentations
on a 5-point Likert-type scale (1, very bad; 5, very good), an easy-
to-use quantitative scale (Oliveira et al., 2023). Those dimensions were
as follows: explanatory ability, presentation-file quality, and attitude
during the presentation. Around 5 different aspects were evaluated for
each dimension. In addition, an overall assessment of the work was
also requested at the end of the survey, which may be considered the
fourth survey dimension. There was no evaluation of course subject
matter, i.e., whether there had been any omission of key concepts,
whether the discussion of all the aspects was correct, and whether
there had been any errors. The reason was because the students were
not supposed to have gained sufficient knowledge for an adequate
assessment of those aspects, which might not therefore have been on
a solid basis (O’'Donovan, 2023). The above-mentioned dimensions
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TABLE 1 Study units.

Bachelor's/Master's = Study Unit

Degree

Bachelor’s Degree in Civil Environmental
4th year
Engineering Engineering
Bachelor’s Degree in Civil Project and Construction
3rd year
Engineering Management
Bachelor’s Degree in
Agroalimentary Engineering | Agricultural Infrastructure | 4th year
& the Rural Environment
Bachelor’s Degree in
Engineering of Green
Agroalimentary Engineering 4th year
Spaces
& the Rural Environment
Master’s Degree in Civil Water and Waste
1st year
Engineering Treatment

were therefore rated, which in no way depended on student knowledge
gained during the course, but instead on the efforts of the students
when preparing the presentation (Fagerlin et al., 2007).

2.4 Results analysis and procedure

The results consisted of the responses that both the teachers and
the students had given to the different points. Therefore, an analysis
of quantitative variables could be conducted at all the stages of the
study (Cirillo et al,, 2016).

o When all the students had conducted their in-class
presentations, the teacher-in-charge collected all the peer-
assessments, and calculated the average ratings for each
presentation. Those results, together with the self- and
teacher-assessments, were posted on the teaching platform
the day after. In that way, the students were able to reflect on
the assessments that their peers had advanced before the
next in-class presentation (Hortigiiela et al., 2015), and were
able to compare them with the self- and teacher-assessments
(Glenn and Pepper, 2023).

o At the end of the study, the mean rating and the standard
deviation of each survey dimension were separately obtained for
each presentation number and for each rater (self-, peer-, and
teacher-assessments). The objective was, on the one hand, to
track the way that the self- and peer-assessments had changed
over time and, on the other, to compare both the self- and the
peer-assessments with the teacher- assessments. By doing so, it
could be analyzed whether the students were developing their
self- and peer-critique skills and whether their critiques were
more demanding over time (Chu and Chen, 2012; Hortigliela
et al., 2015). No distinction could be drawn between courses,
because participant numbers were insufficient to do so, so the
conclusions had to be drawn from a general perspective (Revilla-
Cuesta et al, 2021). The results are presented in the
following section.

Finally, the significance of each factor in the study (dimension
assessed, rater, and time point or presentation number) was
analyzed with a three-way ANalysis Of VAriance (ANOVA). The
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TABLE 2 Survey.

Explanatory ability

1. The presentation was well prepared and delivered (not merely read out aloud).

2. The speaker communicated an understanding of what was said and was not just

PR »
reciting a lesson.

3. The concepts were correctly explained.

4. The concepts were explained in an acceptable order.

5. The concepts were explained in the speaker’s own words (i.e., not a ‘copied’ text).

6.1 understood all the concepts that were explained.

Presentation-file quality

7. The presentation file was carefully crafted.

8. The presentation file had an attractive format.

9. The presentation file was well organized.

10. The presentation file had images or graphs to complement the text.

11. There was no excessive text that might hinder clear visualization of the

presentation file.

Attitude

12. The presentation was interesting.

13. In the spoken presentation, the speaker touched on aspects not covered in the

presentation file.

14. The speaker was proactive, seeking to stimulate the interest of the audience.

15. The speaker expressed enthusiasm for the subject matter that was addressed.

Overall assessment

16. The general assessment of the speaker was...

17. 1 would be willing to listen to the same speaker at another presentation.

ANOVA results added robustness to the conclusions of the study
(Meier, 2022).

3 Results and discussion

3.1 Effect of time

One of the objectives of the study was to analyze whether
reflection over time on the work and assessments could lead to a more
critical perception among students of their own work and the work of
their peers. Figure 2 shows, for each rater (peers, self-assessment, and
teachers), the pattern of rating for each survey dimension throughout
the three in-class presentations. Table 3 specifies the percentage
variations of the ratings for each rater, in the second and third in-class
presentations with respect to the first one.

Both peer- (Figure 2A) and self-assessments (Figure 2B) showed
very similar trends. In general, the ratings decreased between the first
and the second in-class presentations, although those variations were
minimal, with a maximum decrease of —2.4% for the peer-assessments
and—3.6% for the self-assessments. Those minimal decreases
suggested that the ratings remained approximately constant. Much
lower ratings were detected for the third in-class presentation, with
maximum values of —8.8% and—7.9% for the peer- and self-
assessments, respectively. People tend to improve the quality of a
certain type of work when it was repeated (Jacob et al., 2022), as they
already know how to perform it properly (Klein, 2012). Therefore, the
lower ratings appeared to indicate that students became more
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demanding over time toward their own work and the work of their
peers, giving lower ratings for work that had in principle better quality,
as all the in-class presentations required similar levels of effort.

Both peer- and self-assessments showed notable decreases over
time in all the survey dimensions. In both cases, attitude was the
dimension that experienced the lowest variations over time.
Attitude is more properly assessed with experience and objectivity

10.3389/feduc.2024.1399750

(Choi and Kim, 2006) and any changes may not be properly
perceived in a study within a relatively short time scale (Hofman
and Kremer, 1983). It was therefore thought that the students never
fully appreciated the temporal changes to attitude in this research.
In the peer-assessments, the greatest decreases occurred in relation
to explanatory ability, which was quite appropriate since the
students who attended the presentations were the ones who really

Assessments posted on
platform the next day

First self-, peer-, and

Assessments posted on
platform the next day

Assessments posted on
platform the next day

-

Second self-, peer-, and

teacher-assessments

teacher-assessments

-

Third self-, peer-, and
teacher-assessments

A A
Student reflection P Student reflection o
< i< >
x x Course time
- Ll Dl »

4 course weeks

4 course weeks

First in-class
presentation

Second in-class
presentation

Third in-class
presentation

FIGURE 1
Study program.
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Changes to the ratings of the presentations: (A) peers; (B) self-assessment; (C) teachers.
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TABLE 3 Percentage variations of ratings with regard to the first presentation.

Self-assessment Teachers

Third
presentation

Survey Peers

dimension Third

presentation

Third
presentation

Second
presentation

Second
presentation

Second
presentation

Explanatory ability —2.4 -8.8 -3.6 —4.6 +3.5 +5.9

Presentation-file

quality +0.5 —5.4 -1.6 -7.9 +5.5 +4.5
Attitude -2.1 -3.1 -2.0 -1.8 +7.6 +10.9
Overall assessment -0.5 —6.0 —0.7 —5.2 +13.6 +15.3

know whether it had been well or poorly delivered (Martinez and
Ahumada, 2016). In the self-assessments, presentation-file quality
was the most demanding dimension over time for the students, as
they supposedly had the greatest previous knowledge of it and could
develop the most accurate opinions (Contreras et al., 2022; Becerra
etal., 2023).

If the percentage variations of the ratings of the peer- and self-
assessments for the second and third presentations are compared
(Table 3), then another relevant aspect can be noted. The self-
assessment ratings experienced higher decreases than the peer-
assessment ratings between the first and second in-class presentations
(between —0.7% and — 3.6%), while the decreases between the first
and third in-class presentations were higher for the peer-assessment
ratings (between —3.1% and — 8.8%). It all indicated that students were
slower at developing critical-thinking skills when assessing the work
of their peers, due perhaps to feelings of friendship and, if the
assessments were not positive, fear of negative attitudes toward them
(Heckler et al., 2013; Soria et al., 2023). They therefore initially found
it easier to be more demanding toward their own work. However, as
time progressed, students gradually got used to the practice of
co-assessment and those feelings faded, which led to greater demands
that were focused on the work of others, which indeed responded to
the usual tendency to consider one’s own work as better (Glenn and
Pepper, 2023).

In relation to the teachers’ ratings (Figure 2C), they increased over
time for all the survey dimensions. In the second in-class presentation,
the ratings with respect to the initial ones increased between 3.5 and
13.6%, while the increases were between 4.5 and 15.3% for the third
presentation. As discussed above, the process of delivering all in-class
presentations was similar, and the students’ work increased in quality,
as they became familiar with the process and requirements (Klein,
2012; Jacob et al., 2022). That observation was consistent with the
higher ratings of the teachers, which can be presumed to be more
objective than the students’ ratings. It may also primarily explain the
improvement in the explanatory ability and the presentation-file
quality of the students, as they could autonomously train and improve
those dimensions (Feijoo et al., 2021). In addition, the improvement
in the ratings for attitude may be attributed in part to the students’
growing awareness of the peer-assessments of their work, which might
have increased their motivation (Tendrio et al., 2016; Ginsburg and
Stroud, 2023). Finally, it was remarkable that the trend of the teachers’
assessments was quite unlike the peer- and self-assessment ratings of
the students, which decreased over time. It clearly shows that the
students’ capability to make critical judgments of both their peers’ and
their own work was increasing despite the fact that the objective
quality of the presentations was also increasing, as was evident in the
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teachers assessments and as was also noted in the literature (Glenn
and Pepper, 2023).

3.2 Effect of the comparative reference

The second objective of this study was to evaluate whether the
simultaneous release of the teachers’ ratings as a comparative reference
with the results of the peer- and self-assessments led students to reflect
on their own ratings and to adjust them over time. To illustrate this
point, Figure 3 shows all the ratings over the three in-class
presentations for each dimension under analysis. In addition, Table 4
also details the percentage differences between teachers’ ratings and
those of the peer- and self-assessments for each in-class presentation.

The first aspect that can be noted from Figure 3 is that in most of
the dimensions (presentation-file quality, attitude, and overall
assessment) that were analyzed, self-assessment led to higher ratings
than peer-assessment. In this type of experience, people tend to rate
their own work slightly higher than the work of others (Glenn and
Pepper, 2023). The self-assessment ratings for the presentation-file
quality and the overall assessment were 0.2-0.4 points higher than
those of the peer-assessments, while the same difference for attitude
was only 0.05-0.1 points, since it cannot be properly rated without
levels of experience (Choi and Kim, 2006) that the students never had
when this research was conducted. In spite of all this, it should also
be kept in mind, as mentioned above, that the decreases of the self-
assessment ratings were considerably higher in the first instance
(between the first and second in-class presentations), due to an initial
possible reticence on the part of students to criticize the work of their
peers (Soria et al., 2023). The only dimension in which the peer-
assessment ratings were slightly higher (around 0.05-0.1 points) than
the self-assessment ratings was explanatory ability (Figure 3A).
Assessing the quality of one’s own explanations is more complicated
than assessing the quality of other explanations, as an audience will
usually be able to assess more accurately whether they have
understood a presentation and, therefore, the quality of any
explanations (Martinez and Ahumada, 2016). It may have led students
to give lower ratings when self-assessing explanatory ability to ensure
their acceptability.

If the peer- and self-assessments are compared with the teachers’
ratings, a very clear trend can be observed. As mentioned in the
previous section, the students gave lower ratings to both their peers
and themselves for the in-class presentations over time, while the
teachers gave higher ratings. Thus, the students’ assessments were
higher in the first in-class presentation than those of the teacher in all
the dimensions, while they were lower in the third in-class
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Rating patterns for all presentations by survey dimensions: (A) explanatory ability; (B) presentation-file quality; (C) attitude; (D) overall assessment.

TABLE 4 Percentage variations of ratings with regard to the ratings of the teachers.

Survey First presentation Second presentation Third presentation
dimension
Peers Self-assessment Peers Self-assessment Peers Self-assessment

Explanatory ability +4.2 +2.7 -1.7 —4.3 -10.3 -7.5

Presentation-file quality +1.8 +11.3 -3.1 +3.8 -7.9 -1.9

Attitude +5.4 +6.5 -4.0 -3.0 -7.8 -5.6

Overall assessment +19.3 +25.9 +4.5 +10.0 -2.7 +3.4
presentation than those of the teacher in almost all cases. The o The ratings in the peer- and self-assessments of both explanatory
availability of the teachers’ ratings undoubtedly meant that the ability (Figure 3A) and attitude (Figure 3C) were lower than
students could compare them with their own ratings and reflect upon those of the teachers in the second and third in-class presentations
the scale of their demands and expectations toward both their own (Table 4). Those dimensions corresponded to aspects with which
work and the work of their peers (Siu, 1999; Becerra et al,, 2023). As the engineering students were less familiar (Dias, 2023), so the
a result, the students’ ratings were progressively adjusted, becoming level of their demands could be increased more easily. In
more accurate over time, and successfully developing more adjusted addition, those dimensions, such as explanatory ability (Martinez
critical-thinking valuations (Echeandia et al., 2024). Thus, in view of and Ahumada, 2016) and attitude, also involved complicated self-
the discussion, it appears clear that the combination of a broad time assessments for students with little or no assessment experience
scale with the use of a comparative reference meant that the students (Choi and Kim, 2006).
could develop a more critical view of the work performed and could « A different trend was noted in relation to self-assessment of
adjust their ratings. However, the development of self-criticism skills presentation-file quality (Figure 3B). Peer-assessments showed
was more complicated, since the self-assessment ratings were found that the students were as demanding toward their assessments
to be less well adjusted to the teachers’ ratings than the peer- of the presentation files as they were toward the explanatory
assessment ones, according to the values shown in Table 4. ability and attitude of their peers. However, the self-assessment

Despite this general trend, the evolution of the level of demand ratings for this dimension were 11.3% higher than the teachers’

and the critical skills of the students depended on the dimension that ratings in the first presentation. Furthermore, those self-
was rated. Thus, the following aspects should be highlighted: assessment ratings were only lower than the teachers’ ones in
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the third in-class presentation. Presentation-file quality was the
survey dimension over which the students had greater
knowledge and control (Contreras et al., 2022; Becerra et al.,
2023), which may have hindered them at the beginning from
assuming their own mistakes and making fair assessments.
However, it was the dimension with the lowest fall in self-
assessment ratings between the first and the third in-class
presentations, so the critical thinking of students may have
developed on that point.

Finally, the overall assessment (Figure 3D) was the item that
clearly required the most effort from the students to adjust their
ratings. Three aspects justify that last statement: (1) it was the
item with the highest overvaluation in the first in-class
presentation (ratings that were 19.3 and 25.9% higher than those
of the teachers in the peer- and self-assessments, respectively);
(2) it was the only item in which both the peer- and self-
assessments ratings were higher than those of the teachers in the
second in-class presentation; (3) only peer-assessments showed
lower ratings than the teachers’ assessments of the third in-class
presentation. That behavior could be due to two aspects. First, the
extremely general nature of the item, without focusing on any
specific aspect, which may have detracted from any clear
reference for students when assigning their ratings (Macken
et al., 2020). In addition, it was the most closely linked element
to the concept of “grade” (Revilla-Cuesta et al., 2021), which
made students more reluctant to give a “low grade,” especially for
self-assessment.

3.3 Statistical validation of significance

A three-way ANalysis Of VAriance (ANOVA) was performed
at a significance level of 5%, to ensure the accuracy of all the
aspects discussed (O’Donovan, 2023), considering the three
factors involved in this study: dimension (explanatory ability,
presentation-file quality, attitude, and overall assessment), order
of presentation (first, second, and third), and rater (peers, self-
assessment, and teachers). The p-values shown in Table 5
demonstrated that the effect of each factor on the ratings was
significant, as all of them were lower than the significance level
(0.05) and led to the rejection of the null hypothesis of no
significant effect. Furthermore, the effect of each factor was
significantly different when varying the other factors, i.e., all

TABLE 5 p-values of the three-way ANOVA at a confidence level of 95%.

Element of analysis ‘ p-value
Dimension 0.0000
Factors Presentation number 0.0006
Rater 0.0000
Dimension and
0.0013
presentation number
Interactions Dimension and rater 0.0000
Presentation number and
0.0000

rater
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interactions were also significant. Therefore, all the trends
discussed in the previous sections were valid, showing the actual
behavior of the raters at assessing each dimension of analysis over
the different in-class presentations (Meier, 2022).

4 Conclusion

The results of a teaching program with engineering students have
been presented and discussed in this paper. In this program, the
students performed three in-class presentations following different
study units, four dimensions (explanatory ability, presentation-file
quality, attitude, and overall assessment) of which were quantitatively
assessed on a 5-point Likert-type scale by the students, by the teachers,
and through self-assessment. All the ratings were shared with the
students for them to reflect on their assessments during 4 weeks before
going through the same evaluation process in the next in-class
presentation. The objective was to determine whether a program that
combined a broad time scale with a comparative reference (teachers’
ratings) for students could be successful at helping them develop
critical-thinking skills and increase their own demands toward their
own work and the work of their peers. The following conclusions can
be drawn from this experience:

o Peer- and self-assessment ratings decreased over the in-class
presentations (time), while teachers’ ratings increased. The
quality of the students’ work, on the basis of the teachers’ ratings
of the in-class presentations, was objectively increasing. Thus, the
decrease in the students’ assessments showed that they were
progressively developing critical thinking and increasing their
demand for the work done by themselves and others, the
experience being successful in this regard.

Initially, the sharpest decrease in student ratings was for the self-
assessments. Students found it easier to criticize themselves
initially, perhaps influenced by friendly relations with their peers.
However, they lost that fear in the long term and became more
critical toward their peers, considering their own work to be at
least slightly superior.

Students’ ratings in both peer- and self-assessments were higher
than the teachers’ ratings for the first in-class presentation,
although the increased demands that they placed both on their
own work and on the work of their peers meant that their ratings
were generally lower than those of the teachers for the third
presentation. The peer-assessment ratings showed a tighter final
adjustment to those of the teachers, because of the greater long-
term demands developed with the work of the peers.

o Peer-assessments became more demanding than any other for
explanatory ability. Naturally enough, people attending a
presentation are better positioned than the speaker to assess the
effectiveness of any explanations.

o The survey dimension presentation-file quality was initially

the most overrated among the dimensions for self-assessment.

However, the highest increase in self-demand was applied to

that dimension, perhaps because it was an aspect about which

the students knew most and were able to control
by themselves.

Finally, overall assessment was highly overrated throughout the
whole program both in the peer-assessments and, especially, in
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the self-assessments. The fact that it could be likened to the
concept of a “grade” perhaps meant that students were more
reluctant to be as demanding toward that survey dimension as
toward the other dimensions. Therefore, further efforts should
be made to provide students with skills that enable them to make
general assessments in an adequate manner.

5 Limitations of the study and future
research lines

From the point of view of the authors of this study and in
accordance with the conclusions, the program has been successful, in
so far as the students could progressively develop critical thinking
with regard to both the work of their peers and themselves, and could
adequately adjust their ratings over time. It requires repeated use of
peer- and self-assessments within a broad time scale and the
promotion of reflections among students on their ratings based on a
comparative reference, such as teachers’ ratings. However, the
limitations, which are

program has also revealed

highlighted below:

some

« First, the time scale could be increased, repeating the procedure
a greater number of times, in order to determine whether the
students’ assessments stabilized over time and whether they
properly matched the quality of the assessed work.

Secondly, the behavior of the peer- and self-assessments of the
students was not monitored when the teachers’ ratings were no
longer provided once it was considered that the students had
adequately developed critical-assessment skills. Thus, it remains
uncertain whether they would continue adjusting to the teachers’
assessments or revert to the initial tendency to rate works more
highly and in some cases much higher, such as for example the
overall assessment.

o Thirdly, it was not verified whether the levels of critical judgment
could have been maintained, had the type of work for student
assessment been modified; in other words, if instead of evaluating
an in-class presentation, a written text or a more complex project
had been assessed.

Finally, it was not verified whether students were able to maintain
those critical-thinking skills over a long period of time after the
end of the program. The program might have to be repeated, for
example, 1year after its completion.

All the limitations mentioned above, which can also be seen
as future research lines, have as a common factor the need for
lengthier temporal survey-based programs. It is not a
straightforward matter in view of the current length of time for
university courses, usually of duration of one semester (de la
Fuente Arias et al., 2010). Thus, programs that encompass several
successive courses might be necessary, which could imply greater
multi-disciplinarity in the development of critical thinking by
students (Alves et al., 2017). The assessment of projects or
presentations related to diverse topics could also motivate students
when facing similar situations within the professional sphere of
engineering (Revilla-Cuesta et al., 2020).
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