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Abstract: The number of students enrolled in engineering studies in Spain is in decline, mainly due to
the difficulty in passing the subjects, whose factors may be linked to the science-related content of the
subject, a very demanding evaluation system or a lack of active participation of students. The main
objective of this study is to provide the student with a 360-degree feedback tool and a survey, from
which lecturers can extract the degree of satisfaction of students in its application in a standardized
way in scientific-technological activities of BSc/MSc in industrial engineering to quantify learning
and motivation. The involvement of students in the assessment process was carried out in three
phases: peer-assessment (among students), self-assessment (student himself) and hetero-assessment
(teaching staff). After that, a survey was designed, which was validated through confirmatory factor
analysis. Ninety-nine percent of the students valued this evaluation experience very positively with
respect to the objectivity of the criteria used in the methodology and the material provided by the
teaching staff. The fact that only 37.5% of the students considered this experience very favorable for
their learning and self-training shows the importance of the teaching staff in their learning process
and suggests a need to find complementary improvements to this evaluation system in industrial
engineering degrees.

Keywords: survey; satisfaction; confirmatory factor analysis; industrial engineering

1. Introduction

In recent years, a worrisome decrease in the number of students enrolled in engineering
in Spain has been observed, as reported by numerous media [1–3], reaching a drop of 30%
in the number of students enrolled in the last 20 years [1]. On many occasions, this
drop in the number of students is attributed to the fact that jobs after higher education
are not capable of paying off the difficulty implicit in engineering degrees [3]. This has
motivated research studies focused on determining the level of efficiency in engineering in
Spain [4], efficiency meaning the combination of terms of profitability (employability, salary,
satisfaction and engagement) and effort (average years of study, student loans and average
grades). The greatest effort spent in this type of degree is also observed in key indicators
such as the high dropout rate, which is usually higher in Engineering and Architecture [5].
In order to provide a quantification of this scenario, the Conference of Spanish Universities
Chancellors published that the dropout rate in Engineering and Architecture was 22% in
the 2017–2018 academic year [6].

This lack of interest in engineering studies is starting to generate some social con-
cern, with the university dropout rate being higher in Spain than in other neighboring
countries [5]. In our current technology-oriented society, having fewer engineers can pro-
duce technological dependency from abroad, with higher costs for technological import [1],
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as well as the exile of Spanish engineers (often trained with public money) due to lack of
local technology start-ups and companies.

All the above-mentioned reasons highlight the necessity to find alternatives that
make engineering studies more attractive to students but without losing high quality
standards in education. In fact, it is not new in the field that student satisfaction is a
claim for enrolment, reduced absenteeism and retention of students in higher education
institutions [7,8]. Moreover, López-Cózar-Navarro et al. [5] state that in order to reduce
student dropout, mentoring and orientation work must be carried out to determine the
needs of students from the very beginning (when entering the university) of their career
until the end of the degree; as well as involving them in active and innovative learning
in the classroom. It is, therefore, reasonable to think that an assessment process in which
the evaluated person is also involved and given a voice will be well accepted by the
student body since the increase in class participation, interaction with the teaching staff and
carrying out alternative activities have a positive impact on the dropout rate decrease [9].
The evaluation method of a subject (or part of it) that is proposed in this work involves
students in the said process. In addition to their own assessment, they carry out a peer-
assessment, which means that the evaluation process will have a 360-degree view of all
the characters participating in the entire teaching-learning process. This is known as
“360-degree evaluation feedback”. In Jiménez Galán et al. [10], this methodology is applied
to the evaluation by competencies. Figure 1 shows a diagram of the two types of evaluation:
the classic evaluation and the 360-degree evaluation, in which all the actors involved in the
evaluation process are displayed.
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Prior to the development of the evaluation, criteria and levels of achievement (rubrics)
must be established that set how the evaluation will be quantified. According to Lévy-
Leboyer [11], Bizquerra et al. [12] or Alles [13], the evaluation of skills is based on dif-
ferent sources and it is divided into three well differentiated phases, carried out in the
following order:

Peer-assessment (among students). The student assesses the task of another classmate
by following the evaluation criteria and established levels of achievement in the rubric.
The success of this phase lies in the development of critical thinking to analyze the work of
peers [14], also promoting learning during the development of peer assessment, moving
away from individualized work and learning [15] and providing an indication of their
degree of satisfaction with the activity carried out. This type of strategy increases student
motivation: according to Vivanco-Álvarez and Pinto-Vilca [16]; performance evaluation
moves from being a control tool to being a useful information tool, thus, motivating the
self-learning process.
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Self-assessment (student themself). It is based on knowing and valuing their own
learning to judge and improve student’s performance. Students assess their own task under
the same rubric guidelines in which they performed the peer-assessment. It was observed
by previous authors that this process usually has a great impact on student learning [17].

Hetero-assessment (teaching staff). Traditional method in which the teaching staff
evaluates the task under the same criteria as the peer- and self-assessment. This equality
of criteria is achieved with the publication and use of the corresponding rubric with the
evaluation criteria by all the participants in the process [18]. As outlined by Basurto-
Mendoza et al. [19], this type of assessment “supports, directs, accompanies and reinforces”
other evaluation methods. In addition, a large deviation between the hetero and peer/self-
assessment may indicate subjectivity in the evaluation carried out by the students.

The process ends by establishing a weighted average on said evaluation methods.
In this work, a specific evaluation methodology and a suitable survey is proposed under
the premise of evaluation by competencies and blended teaching and tested in scientific-
technological practices based on the 360-degree evaluation method. This method was
implemented in different degrees belonging to Bachelor and Master of Science (BSc/MSc)
in the School of Industrial Engineering of the University of Malaga, which is a fair repre-
sentative of engineering in Spain.

2. Literature Review

Student satisfaction was identified in other studies as an important aspect to assess the
involvement of students in engineering degrees. Several investigations in the literature were
focused on engineering student satisfaction in general, for instance, from social-cognitive
factors, as seen in Lent et al. [20]; from the teaching approach (traditional face-to-face
versus blended), as seen in Martinez and Campuzano [21]; from the implementation of
gamification, as seen in Kim et al. [22]; or from the identification of influential variables
by regression analysis, as seen in Gonzalez et al. [23]. Although all these studies provided
relevant outcomes for improvement in engineering student satisfaction, the effect of making
students participate in a 360-degree evaluation feedback has not been investigated to date
in engineering.

In Martinez and Campuzano [21], collaboration with classmates and collaboration
was identified as an important factor for engineering student satisfaction. Actually, it
was suggested that encouraging cooperative group work and designing activities to en-
hance student engagement would have a positive impact. Special connection programs
were even deployed in some universities with the aim of making students interact with
each other, as studied in Olds and Miller [24]. The immersive learning students experi-
enced by creating study groups with frequent Q & A among them was shown to be a
powerful learning tool, and this increased their long-term performance in their engineer-
ing degrees. This also shows that peer-assessment is also a valuable tool for students
to know how well they are carrying out their studies. In this sense, previous studies
such as Basurto-Mendoza et al. [19] demonstrated that the use of peer-, self- and teacher-
assessment (360-degree feedback) was a very relevant tool to better understand the learning
process of students by increasing their criticism, their sense of responsibility and developing
their capability to suggest improvements to assessed peers. Similarly, Vivanco-Álvarez and
Pinto-Vilca [16] identified in their analysis that specifically peer-review assessment was an
important tool to measure the motivation of students in arts and enterprise design degrees
by observing an important increase in self-conscience and motivation when implementing
this tool in class. This is an important motivation to the present work in order to assess its
impact in engineering degrees, together with teacher and self-evaluation. For the student
to be aware of his lacks and to transmit them to teachers links very well with the ideas
proposed in López-Cózar-Navarro et al. [5], who point out that determining the needs of
students as early as possible could help the teaching staff to orientate their mentoring work
to satisfy them. As suggested in their work, this would have an important contribution to
decrease student dropout.
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Although these aspects may evoke that the role of the teaching staff can become
superfluous at a certain point, other studies such as García et al. [9] also outlined that
student dedication and interaction with teaching staff is influential in decreasing student
drop-out. Thus, teaching staff should control appropriately not only how the assessment
is being developed but also how their learning is evolving. García et al. [9] also outlined
this by reflecting that the way teachers transmit their knowledge to students makes an
important impact in motivation to persevere in their studies. One of the main purposes
of teaching staff is to maintain student motivation during lectures, so the implementation
of innovative activities in classroom is also important [5,15], and the 360-degree feedback
evaluation is a good candidate for this. As outlined in these studies, peer-assessment and
learning also improve student understanding of the role of the evaluator and how items are
assessed, which can be helpful in engineering subjects where the teacher may be considered
too demanding by students. For this outcome, the rubrics employed in the evaluation
should be a clear, transverse, open and dynamic tool so that they could be also a boost for
self-learning, as outlined in several resources [17,25,26].

3. Methods
Motivation and Objectives

The implementation of the here proposed 360-degree evaluation methodology has
several objectives from a didactic point of view and from a research point of view. The
didactic pursued objectives are the following:

• To increase the active participation of students in their own assessment, thus, seeking
to motivate the excessively monotonous and individualistic study in engineering,
through an innovative action in the classroom [5,15]. To increase student understand-
ing of the role of the evaluator and how items are assessed in engineering subjects.

• To motivate students in their learning process by providing them with tools that
allow them to compare their performance with their classmates, thus, making of this
evaluation a useful information tool and not merely a control tool [16].

• To improve the student learning process in a peer-assessment environment, as reported
in Martínez-Figueira et al. [17].

• To transform the evaluation of rubrics into a “transverse, useful, open, dynamic and
flexible instrument”, as well as “agile and coherent”, to improve learning [17,25,26].

On the other hand, from a more research and innovative point of view, the objectives
pursued are:

o To know the degree of satisfaction of students on how the evaluation is being carried
out and to observe if there are discrepancies between the evaluation of the hetero-,
peer- and self-assessment of students. To obtain feedback concerning the impartial
and anonymous assessment experience by the students.

o To validate the satisfaction survey used in the 360-degree feedback evaluation through
a formal statistical process (confirmatory factor analysis) to assess its potential stan-
dardized use in other subjects in industrial engineering degrees in Spain/outside Spain.

Both objectives end up complementing each other in order to find if: (i) this method-
ology makes it possible to ascertain the degree of student satisfaction, (ii) it increases
motivation and/or their learning performance, and (iii) this can be used as a standard tool
in more subjects as an element to increase the degree of general satisfaction in the student
body in engineering careers.

4. Participants

The subjects in which this methodology was tested were taught in the academic years
19/20 and 20/21. All of them belong to either a bachelor’s or master’s degree program
in industrial engineering. The subject and degree in which it was taught, as well as the
number of students enrolled in each course, are shown in Table 1.
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Table 1. Scheme 360-degree feedback evaluation.

Number Subject Course Degree N. Participants/Total

#1 Computational simulation of fluid
flows over vehicles 1◦ Master 7/8

#2 Fluid mechanics over vehicles 1◦ Master 3/4
#3 Teleoperations and telerobotics 1◦ Master 2/4
#4 Physics I 1◦ BSc 63/64
#5 Photovoltaic facilities 4◦ BSc 15/20
#6 Fault-tolerant mechatronic systems 1◦ Master 3/4
#7 Industrial processes 3◦ BSc 60/63

TOTAL: 153/167

The participants build up a sample of a total of 153 rows. The distribution of the
sample is shown in Table 2. Two variables were established: sex (male/female) and degree
(bachelor’s and master’s), observing (unfortunately) a realistic distribution of cases in terms
of approximately 30% of women in class compared to 70% of men (similar to the statistics
reported in the Ministerio de Universidades [27] and a ratio of 1/10 of master’s students
with respect to bachelor’s students (similar to the statistics reported by the Ministerio de
Universidades [27], where in Engineering and Architecture studies during the 2019/2020
academic year, only 208,188 students enrolled in the bachelor’s (86.2%) and 33,432 in the
master’s (13.8%) degrees.

Table 2. Distribution of the sample.

Sex
Men 70.45%

Women 29.55%

Degree BSc 90.2%
MSc 9.8%

Subject

Physics I 41.2%
Industrial processes 39.22%

Photovoltaic facilities 9.8%
Computational simulation of fluid flows over vehicles 4.57%

Fault-tolerant mechatronic systems 1.96%
Fluid mechanics over vehicles 1.96%
Teleoperations and telerobotics 1.31%

4.1. Design of the Survey

The preparation of the questionnaire aims to evaluate different aspects related to
adaptation [28], motivation [29], student satisfaction [30] and gaining of skills/learning [31].
Several potential groups of items (groups of questions) were proposed, which are similar
to the ones established by Santos-Pastor et al. [32]. Since the final objective of the present
work is to test the adequacy of a survey to verify the degree of satisfaction of students with
the 360-degree feedback methodology in subjects from industrial engineering degrees, it is,
therefore, important to create different groups of interest for this type of survey.

One of the main objectives in a student satisfaction survey about a methodology is
to know how useful the method was and the personal satisfaction of the student. These
personal evaluation questions are present in a large number of questionnaires, which collect
reliable student satisfaction feedback [32,33]. For this reason, it was decided to group the
items related to the quality of the teaching method and the benefits for the student in a
group of personal perception of the individual’s training (1-Personal evaluation). On the
other hand, since the 360-degree method is an evaluation methodology, it is important
to know the opinion of students with the criteria adopted in the evaluation methodology.
These questions are key, because if the criteria are not fair for students, the evaluation is
not interesting for the person evaluated, and therefore, the methodology is not effective
to increase student satisfaction in engineering studies. In fact, as reported in Casero-
Martínez [33], fairness in the assessment is a relevant fact for students, as well as the
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possibility of participating in the creation of the rubric guidelines (this participation is key
particularly if they do not consider the criteria acceptable). For this reason, asking about
the evaluation criteria is a recurring question in method evaluation questionnaires [33,34].
In our survey design, related questions are grouped into a specific block (2-Criteria).

The peer-assessment process has an important characteristic, which is that the friendship/non-
friendship among students can bias the results of the assessment. This aspect was already
pointed out, among others, by López-Pastor [35]. This scenario can be also possibly noticed
in the relationship of certain students with the teaching staff, which eventually could
somehow be reflected in the hetero-assessment. All these questions related to objectivity of
the method are grouped in the dimension 3-Objectivity of evaluation.

Finally, it is also important to know whether or not students have raised their aware-
ness on how the 360-degree assessment is carried out according to a rubric. This is a
relevant aspect, since this action allows the student to better understand the role of an
evaluator and can influence the learning–teaching process, the development of critical
attitudes and the assumption of responsibilities, as highlighted by other authors [19]. It
must also be highlighted that a 360-degree evaluation can be “surprising” for students
accustomed to a traditional evaluation, thus, becoming a very rewarding and exciting
experience [35]. These learning aspects acquired by the student are condensed in a set of
questions in a dimension called 4-Learning from the experience. All the items mentioned in
this section are shown in Table 3.

Table 3. Dimensions and items in the 360-degree evaluation survey.

Group or Dimension Item Numbering Item

Personal evaluation

Q01 Has participation in the evaluation experience helped me to better understand
the contents of the subject?

Q02 Has participation in this experience helped me to detect misconceptions about
the content of the subject?

Q03 Has participation in this experience helped me to be more responsible and
leader of my own learning?

Q04 Has participation in this experience helped me to improve my study system?

Q05 To know that self-assessment is part of the process: Has this given me an “extra”
motivation to carry out the activity?

Criteria

Q06 Is the evaluation documentation provided by the teaching staff intuitive and
easily interpretable?

Q07 Do I think the evaluation criteria have been adequate?
Q08 Do I think that the point marks of the sections to be evaluated is adequate?

Q09 Documentation provided by the teaching staff is valuable to carry out the
evaluation (rubric, evaluation criteria, point marks and correction, etc.).

Objectivity of evaluation

Q10 Has the self-assessment been objective and fair?

Q11 If you do not know, please answer 0: has the peer-assessment that I have
received from my classmates been objective and fair?

Q12 Have I carried out a fair and objective peer-assessment of my peers?

Q13 Do you think that ensuring anonymity would be an important factor for
peer-assessment among students?

Q14 Can I assure that friendship with evaluated peers has not influenced my
peer-assessment carried out (positively or negatively)?

Q15 Has the evaluation carried out by your teaching staff been objective and fair?

Learning from the
experience

Q16 Has participation in this experience allowed me to better understand the
evaluative role of teaching staff?

Q17 Do I consider that I have learned more with this experience than with the
traditional method?

Q18 Do you think it would be interesting to apply this experience to other subjects?

Q19 Would you recommend the subject because of the experience you had with this
evaluation method?

Q20 Objectively, how would you rate this experience?

4.2. Description of the 360-Degree Evaluation Method

The 360-degree evaluation was applied in three different teaching modalities typical
in the subjects of the industrial branch:
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Report document. Each student had to evaluate anonymously (peer-assessment
or single-blinded peer-assessment) the report from another classmate. After the peer-
assessment, the self-assessment was carried out. Finally, all of them were reviewed by
the teaching staff. The estimated weighting to obtain the final grade was: 50% from the
hetero-assessment, 30% from the peer-assessment and 20% from the self-assessment. If the
dispersion between the teaching staff grade and the self-assessment or peer-assessment
grade is very high (greater than 50%), the teaching staff grade prevails as the final grade.
The subjects involved in this methodology were the subjects: #1, #2, #4 and #5 (see Table 1).

Gamification. It consisted of forming teams that elaborated on a set of questions to
be asked to another team. Once the game was over, the teams evaluated each other and
themselves. The subject involved in this methodology was #7 (see Table 1).

Oral presentation. Students had to complete a practical study over several sessions in
order to carry out a small project, together with a descriptive report. This study was later
defended through an oral presentation of the project with the possibility of a demo. The
work was evaluated, both by the teaching staff and by the student, according to several
dimensions: design and implementation (70%), presentation (15%) and discussion (15%).
The subjects involved in this methodology were #3 and #6 (see Table 1).

The reason behind establishing these three different modalities is that each subject
has a different nature. For instance, report-based subjects are very classic engineering
subjects (fluid mechanics, physics, project engineering), which are more fairly assessed
by means of standard project report documentation submissions. The oral presentation
modality was more suitable for telerobotics/mechatronic systems, because these subjects
are traditionally taught in the MSc degree as an approach to deliver mechatronic solutions
to client queries. Thus, the best way to evaluate the development of the student would
be by generating virtual discussions about designs with customers and receiving their
feedback. Finally, there is only one subject evaluated in a gamification environment, which
is related to industrial processes. This subject has very extensive content, from foundry to
welding, as well as additive manufacturing lecture notes. To study the subject in a relatively
short time is very complicated and demanding for the student. The teaching staff found
out that a gamification environment is ideal for their learning process. Previous authors
outlined the benefits of this approach in engineering subjects, which include improvements
in motivation, learning and engagement [22].

Despite the different modalities, the feedback from each subject can be merged without
major issues. This can be implemented because each subject has the most suitable evaluation
modality, thus, the marking becomes homogeneous. In other words, if the same modality
was applied to all subjects, students would obtain a higher mark and satisfaction in subjects
in line with the selected modality and vice versa. This would make the results from
the survey useless. The only remarkable difference among modalities is the existence of
anonymous and non-anonymous peer-review. Thus, in order to make a fair analysis in the
present work, an analysis of the survey was also developed by grouping the responses of
students by attendance and anonymity, as will be shown in the following section.

5. Results

The sample from the application of the 360-degree evaluation methodology was made
up of two major groups: attendance and anonymity in the evaluation and engineering
degree (BSc and MSc). First, a confirmatory factor analysis (CFA) was carried out to evaluate
the structure of the theoretical dimensions proposed and to assess the validity of the
survey and scale proposed for the 360-degree evaluation. Subsequently, the distribution of
responses by group or dimension was obtained, as well as by considering the characteristics
of the sample.

5.1. Confirmatory Factor Analysis

A CFA was carried out to analyze whether the structure of dimensions or groups
for each block of questions can be considered adequate. For the quantification of the
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responses, the Likert scale was used [36,37]. One of the great benefits of using a Likert scale
is that responses become an ordinal numerical value so that satisfaction can be quantified
mathematically with statistical methods. Likert scales are very common in surveys, and
in order to be consistent, they have to include at least five response categories [38]. The
scale is easy to understand, so students have no problem interpreting how to respond to
the questionnaire. For each question of our survey, students answered with their degree of
agreement (5) or disagreement (1) with the statement. The format of a typical five-level
Likert scale was established as: 1 = Totally disagree, 2 = Disagree, 3 = Mid, 4 = Agree and
5 = Totally agree. As defined in Table 3, the structure of the survey consists of four clearly
differentiated groups. Question Q11 (Has the peer-assessment that I have received from my
classmates been objective and fair?) has the option to be answered with “missing information”,
which is a response not included in the Likert scale. For this reason, a response with 0 (do
not know/not available) was given for such a lack of information. From a statistical point
of view, the mean of the variable is input to these answers so that the distribution of the
variable is not perturbed.

Prior to the CFA, the correlation matrix was calculated. As the survey is made of
ordinal categorical variables from 1 to 5, polychoric correlations are the most correct to
measure correlation [39]. Figure 2 shows the correlation matrix, where it can be seen that
all the variables (items or questions) have a positive correlation, except questions Q13 and
Q14, shown as dark in the figure due to negative correlations. These two questions do
not have the same consistency as the rest of the items, thus, they should be removed from
the set of questions. This is because they are prone to create discrepancies in the survey.
This can be consequence of a conflict of interest of students in deciding whether or not
friendship with the colleague influences the evaluation.
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On the other hand, Figure 3 shows the model proposed in the CFA. The four di-
mensions (also called latent variables) are represented by circles: Personal evaluation (Prs),
Criteria (Crt), Objectivity of evaluation (Obj) and Learning from the experience (Apr). The
squares stand for each question (item or observed variable) in the survey. The arrows that
join latent and observed variables are the weights of the multivariate model (generally
called “estimates” in statistical software). The bidirectional arrows on the circular elements
(dimensions) indicate the covariances among the said dimensions. The bidirectional arrows
on the square elements (observed variables) indicate the variances of the residuals.
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The goodness of fit of the model was analyzed by using the significant chi-square
(χ2 = 288.554, d f = 129, pval = 0.0), with d f the degrees of freedom and pval the
p-value [40]. Regarding the root mean squared error of approximation (RMSEA) and the
standardized squared error of the residuals (SRMR) as absolute indicators, a RMSEA = 0.1
was obtained. This indicates a good fit between the model and the data [41], whereas
the SRMR presents a value of 0.08, which shows a very reasonable adjustment [42]. As
relative indicators, the comparative fit index (CFI) and the Tucker–Lewis index (TLI) were
determined. The results were CFI = 0.83 and TLI = 0.8, respectively, showing a very
acceptable goodness of fit between the model and the data. From the analysis of fit, it was
concluded that the proposed model is very good for the scale expressed in the survey of
the 360-degree evaluation method.

5.2. Internal Consistency of the Survey

To analyze the internal consistency of the survey, the Cronbach’s alpha value was used
(α). This parameter is a measure of the reliability of an instrument (survey) in which the
answers are presented with several option values, in this case, a Likert-type scale [43]. An
α = 0.919 was obtained, which reveals a very high degree of reliability [44,45]. Likewise,
the Guttman’s λ6 was calculated by obtaining a λ6 = 0.952. The λ6 is another consistency
measure that is quite similar to α but less sensitive to the number of elements in the scale.
Both are actually considered very good when they are greater than 0.9. Table 4 shows the
results of the consistency analysis on all items, in addition to the item-scale correlation, r.
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From the results of the table, it is observed that none of the items produces a relevant impact
on the consistency of the survey if removed. The only item that could be questionable is
Q12 (this question is related to the assessment of whether students have carried out a fair
and objective peer-assessment of their classmates), which presents a fairly low correlation.
It was decided to keep it as is because it was considered of informational relevance in the
survey.

Table 4. Item-scale correlation and reliability indices if an item is removed.

Item r α λ6 after Removing Item

Q01 0.757 0.911 0.947
Q02 0.761 0.911 0.947
Q03 0.730 0.912 0.948
Q04 0.718 0.913 0.948
Q05 0.655 0.916 0.949
Q06 0.486 0.918 0.950
Q07 0.573 0.917 0.946
Q08 0.598 0.916 0.949
Q09 0.682 0.914 0.947
Q10 0.603 0.916 0.949
Q11 0.579 0.916 0.951
Q12 0.272 0.922 0.954
Q15 0.716 0.913 0.945
Q16 0.729 0.912 0.945
Q17 0.721 0.912 0.947
Q18 0.604 0.916 0.950
Q19 0.757 0.911 0.947
Q20 0.774 0.912 0.946

5.3. Overall Analysis of the Sample

First, the distribution of the responses according to the Likert scale was analyzed.
Figure 4 shows the distribution of the responses ordered in scale decreasing order. As
stated before, question Q11 is the only one that has DK/NA, just as it was collected in the
original survey (recalling that, in the CFA, the mean of the distribution was imputed to
these DK/NA values, so that the statistical distribution is not perturbed).

From the analysis of the responses to the questionnaire, in general, a high satisfaction
of students with the 360-degree evaluation method was observed. The responses to the
questions of the dimension personal evaluation: Q01 ( . . . understand the contents . . . );
Q02 ( . . . detect misconceptions . . . ); Q03 ( . . . protagonist of my own learning . . . ) showed
a very high agreement, greater than 90% of positive responses. Within this group, questions
Q04 ( . . . improve my study system . . . ) and Q05 ( . . . “extra” motivation . . . ) revealed a
more moderate satisfaction in the response. The questions of the criteria group: Q06 ( . . .
documentation . . . from the teaching staff for . . . the evaluation . . . ); Q08( . . . point marks
. . . ) and Q09 ( . . . documentation provided by the teaching staff . . . ) also presented a very
high level of agreement. An overwhelming majority of students agreed with the 360-degree
evaluation criteria for their subjects. The objectivity of the evaluation group is the one that
presented the lowest satisfaction. A notable percentage of students stated that knowing the
identity of the evaluated peer influenced them in the peer-assessment. This fact agrees with
Gong [46], who suggests that “in peer review, it is inevitable to be influenced by human
feelings” and sees confidentiality as a necessity. The learning from the experience group
presented a high degree of satisfaction, comparable to that of the first group. It is worth
highlighting the agreement in questions Q18 ( . . . interesting . . . other subjects . . . ) and
Q19 ( . . . would you recommend the subject . . . ). It can be concluded that students are
willing to use this method again, and they valued positively this teaching action compared
to the classic assessment methodologies, as other authors have pointed out already [47].
The fact that only 37.5% of the students considered this experience very favorable for their
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study system (Q04) highlights the importance of teaching staff in transmitting learning in
class, whose close relationship with the student is also an influential factor to the decrease
in the dropout rate [9]. Considering the responses to questions Q01, Q02, Q03 and Q04, all
of them rated as “totally agree” by fewer than 50% of the students and directly related to
the teaching–learning process, it is worth reflecting that there is a need to find innovative
elements in the classroom to complement this approach. This would improve the study
capacity of students and may be a necessary future work. An example of improvement
could be to create virtual working groups in order to train them on the subject under
evaluation, which would be tutored by the teaching staff, and can be later evaluated via
360-degree evaluation. Thus, students would benefit more from this methodology by
maintaining close contact with the teaching staff and enhancing self-study, self-training and
motivation [9]. In general, from the analysis of responses from the Likert scale, it is found
that the highest rated questions by the respondents were: Q09 from the criteria group; Q12
and Q10 of the objectivity of evaluation group. The highest rated item was Q20 ( . . . rate
of this experience . . . ). This result allowed us to conclude that there is a high degree of
satisfaction by the students, since they valued the most relevant aspects of the 360-degree
evaluation highly.
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5.4. Analysis of the Sample by Groups

The sample was also analyzed by groups: filtered by attendance and anonymity in
the evaluation, as well as according to whether the degree is a bachelor’s or master’s
degree. This was implemented in order to have a full picture of the opinion classified by
important groupings.
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5.5. Analysis Due to Attendance and Anonymity

The term attendance and anonymity refers to analyzing the results of the survey based
on whether the assessment in the subject was carried out in person with participation in
class (horizontal evaluation among students, which is not anonymous) or without atten-
dance in person and with anonymous evaluation (mainly, by means of a traditional report
submission). Subjects #3, #6, and #7 belong to the first physical participation evaluation
group; while subjects #1, #2, #4 and #5 belong to the second non-physical and anonymous
group. The results from the survey for these attendance and anonymity items are shown in
Figure 5.
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It is not surprising that this teaching activity also has disadvantages. Gong (2016) [46]
points out that confidentiality must be paramount and proposes that the peer review
method should lead to a process of mutual learning and common improvement. Gong [46]
even insists on the need to prepare students to assess other students. From Figure 5, it
stands out that the questions with the greatest discrepancy in the answers are those referring
to the anonymity of the evaluation, questions Q13 and Q14. In question Q13, which refers
to whether anonymity is an important factor in peer-assessment among students, this
factor was given greater importance. It is, actually, observed that students involved in
the physical participative environment give less importance to anonymity, whereas those
students involved in a non-physical and anonymous assessment environment give more
importance to this aspect. These results highlight that the students feel satisfied with
the way of evaluating their subject, since those exposed to anonymous evaluation give
importance to anonymity and vice versa.
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5.6. Analysis Grouped by Bachelor (BSc) and Master (MSc) Degrees

The results from this analysis are shown in Figure 6. In the personal evaluation
group of questions, undergraduate students rated items Q01, Q02 and Q04 higher, while
postgraduate students rated items Q03 and Q05 higher. This shows that the MSc students
felt more responsible for their learning, Q03, by showing a higher degree of maturity
than BSc students. They have also valued the completion of the self-assessment and
peer-assessment processes as an “extra” motivation, Q05. In the criteria dimension, items
Q06–Q09, the responses are very positive in both cases, with the MSc student rating slightly
higher, except for question Q09 ( . . . documentation provided by the teaching staff . . . ). This
may be likely due to the fact that experience accumulated during undergraduate studies
makes them more critical with the material. In the dimensions objectivity of evaluation (Q10–
Q15) and learning from the experience (Q16–Q20), the MSc students valued the corresponding
items more positively than the bachelor’s students, denoting again more independence.
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6. Discussion

The present investigation was focused on the implementation of a 360-degree feedback
assessment in BSc/MSc engineering degrees and the evaluation of student satisfaction
with the experience. The results from analyzing the survey reveal that, in general, the
satisfaction is high and the conclusions extracted from the analysis are consistent with other
investigations in the literature.

The personal evaluation group evinced that MSc students showed more degree of
maturity than BSc, as they were more critical with the documentation given by teaching
staff, as well as demonstrating more concern for their learning. This statement was also
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mentioned in Abadía et al. [48], where it was observed that last-year students were more
critic with the teaching actions and their development. Moreover, it was also observed
more with MSc students in the criteria group, as they showed stronger criticism on teaching
staff evaluation criteria. It is also very relevant that the aspect in question Q04 ( . . . this
experience helped me to improve my study system?), the difference between MSc and BSc student
satisfaction was quite different. MSc students rated this question considerably worse, and
this makes sense: MSc students are usually more autonomous and independent (they are
often working while studying) so they do not need to create study groups or collaborate
with fellow students. On the contrary, BSc students are more willing to create study
groups. As pointed out in Martinez and Campuzano [21], collaboration with classmates
and collaboration were identified as an important factor for engineering student satisfaction.
In their work, it is suggested to encourage cooperative groups to engage more of the student
body. This aspect was also outlined in Olds and Miller [24], where the creation of group
immersive learning strategies increased long-term performance.

It is not surprising from the analysis of the survey that the objectivity of evaluation group
obtained the lower satisfaction, since previous authors outlined that in peer-assessment,
there is a human feeling component, Gong [46]. Question Q13 also remarks on this scenario,
since students involved in face-to-face participation gave less importance to anonymity
and vice versa. Thus, students are satisfied with peer interaction according to the on-
site/not on-site modality. Some authors also found it interesting to carry out both types
of assessment (anonymous assessment and detailed oral assessment, as in Topping [49])
in order to obtain the most of each, so these actions could be also tested in the future
application of 360-degree feedback.

Finally, in the learning from experience dimension, it was observed that most students
were happy to apply the novel methodology in their subjects, as seen mainly in responses
to questions Q18 ( . . . interesting . . . other subjects . . . ) and Q19 ( . . . would you recommend
the subject . . . ), which reflect the interest in these novel assessment methodologies in
class, as originally reported by Sotelo and Arevalo [47]. Moreover, Vivanco-Álvarez and
Pinto-Vilca [16] identified peer-review assessment as a highly relevant tool to quantify
motivation of students in arts and enterprise design degrees, which seems to happen also
in engineering degrees as a result from our study.

Unfortunately, no discussion can be developed in the present work regarding the
impact in academic success by deploying this methodology and assessment of student
satisfaction. However, according to the positive feedback from our survey on the 360-
degree environment, and according to the experiences with similar teacher-, self-, and
peer-assessment strategies reported by other authors [16,19,47], we strongly believe that the
work introduced in the present manuscript can have a strong positive impact in engineering
academic success, which would eventually decrease the current dropout rate.

7. Conclusions

In this work, an experimental study was carried out on the implementation of a
360-degree evaluation for students in subjects of BSc and MSc engineering degrees in a
Spanish university during academic years 19/20 and 20/21. Their satisfaction with the
implementation of this system was analyzed, in order to consider using it in a standardized
way. The survey was analyzed as a whole and grouped by attendance and anonymity,
and BSc/MSc degrees. This study has shown the degree of student satisfaction with this
methodology with no remarkable discrepancy between the evaluation criteria of students
(peer- and self-assessment) and teaching staff (hetero-assessment). The validity of the items
of the survey provided was confirmed formally through a confirmatory factor analysis
and its internal consistency analysis through the Cronbach’s alpha and Guttman’s lambda,
which were both very high.

The worst rated questions were those related to the impact of anonymity in the
evaluation. However, when analyzing the answers by group according to attendance
and anonymity in the assessment, it was observed that the relevance of anonymity in



Educ. Sci. 2023, 13, 199 15 of 17

the responses made sense based on the nature of the evaluation itself. To use a fair
and consistent evaluation system was one of the central objectives of this study, which
seems to have been accomplished with this methodology. To raise awareness of their
self-learning was another side objective. The MSc student body felt more responsible than
the bachelor’s student body for their own learning, although they were more demanding
with the documentation provided by the teaching staff.

In general, there was a high degree of satisfaction of students, since they valued high
the most relevant aspects of the 360-degree evaluation with no disagreement. This method-
ology was a positive proactive element in their own evaluation through participation, and
it was an important motivation for most students.

In summary, the designed survey and its analysis on the application of the 360-degree
methodology in industrial engineering studies has demonstrated to be a reliable and con-
sistent means to assess student satisfaction. Thus, to use this methodology on a regular
and standardized basis in most subjects could have a very positive feedback in engineer-
ing degrees. This is because providing students with fairer evaluation tools can increase
student motivation, which could eventually reduce the dropout rate and/or increase the
number of new registrations. As a limitation of the present study, it was not possible
to correlate quantitatively this satisfaction with an improvement in academic success, al-
though previous studies support the positive impact of these methodologies on student
learning performance [16,19]. To find complementary innovative actions in class to enhance
the (self)learning potential of students could be relevant future work. An example of
improvement could be to create virtual working groups to gain knowledge in the sub-
ject to be assessed, being tutored by the teaching staff and assessed via the suggested
360-degree methodology.
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