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ABSTRACT

Teamwork has an undeniable benefit in finding creative and effective solutions to situations
in both work and school environments. Teamwork training can be seen as a necessary con-
dition for the career growth of every individual. This article aims to explore students atti-
tudes towards teamwork, identify the reasons for positive and negative attitudes of students
towards teamwork, and measure their level of satisfaction with various aspects of team-
work. The survey utilized a non-standardized questionnaire comprising closed-ended items,
multiple-choice items, and scaled items. Out of the 148 respondents, the majority expressed a
positive attitude towards teamwork across different aspects, with varying reasons and levels
of satisfaction. Statistical analysis of the data revealed that there is no statistically signifi-
cant difference between the groups with positive and negative attitudes towards teamwork
regarding their views on the reasons that cause positive or negative attitudes. However,
there is a significant difference between the groups in their evaluation of all the aspects
of teamwork, except for difficulty and unfairness. Students with positive attitudes towards
teamwork place significantly more importance on relationships within the team, express
higher satisfaction with recognition for good achievements and with the opportunity to
help others, and they also prioritize the opportunity to assist others more than students
with negative attitudes.

KEYWORDS
university students, reasons of positive and negative attitudes to teamwork, personality
aspects of teamwork, level of satisfaction and importance of aspects

1  INTRODUCTION

Many employers express the opinion that university graduates are generally
quite well prepared in terms of theoretical knowledge, but often lack presentation,
stress management and teamwork skills [1]. Nowadays, also in companies, the indi-
vidual form of further education is dominant while it is important to use the poten-
tial of team training and to pay more attention to the formation of learning teams,
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as well as to a systematic approach to team education and training [2]. Failure to
adopt a teamwork strategy is often considered as an important cause of failure in
implementing change in organizations [3].

The role of the university is not only to theoretically prepare students for a cer-
tain field but also to develop students’ personal and social skills that they will use in
practice. It is important to develop physical and practical abilities, socioemotional
and technical capabilities of students in accordance with the OECD intentions [4].
The development of socioemotional and interpersonal capabilities is undoubtedly
aided by the implementation of teamwork in the training of students. A team can be
characterized as a group of people working together who have common time-limited
goals and are interdependent in achieving these goals [1]. The benefits of team func-
tioning include pooling of knowledge of members who can do the job better and
come up with more creative solutions, increased flexibility, elimination of individual
mistakes. Team learns to compromise, increases self-esteem of individuals, reduces
fears and stress, motivates, etc. [1] [5] [6]. Possible negatives of working in a team
are poor communication and the possibility of conflict, suppression of individuality,
having to adapt to a common goal, time-consuming, competitive individuals striving
for self-assertion and, on the other hand, the inability to assert a good opinion by
less combative team members, group laziness in a situation when they consider the
assigned task as easy or unimportant, think that their own contribution is unimport-
ant or others slack off the work [7] [8].

The expertise of the members is important for the success of the team, but also
the structure of their personalities and the way they get along. In a successful
team, everyone finds their role and accepts it [9]. According to Hackman [10], a
team is effective when it 1) achieves the goals for which it was designed; 2) meets
the needs of its members; and 3) is viable or sustainable over time. Team func-
tioning is not effective when a task that does not require teamwork needs to be
solved and when there is a great deal of uncertainty in the team [11]. The most
successful teams are those that achieve a high level of maturity. Mature teams
are those in which members interact regularly, coordinate resources, orient their
behavior toward collective success, and in which members identify with the
team [12]. A crucial condition for successful teamwork is the willingness and deci-
sion to work together in a team, which means seeing oneself as part of a larger
whole—the team. It is important to teach students that we can only work together
if we admit that we are not perfect, can listen to others and do not defend only
our own opinions [13]. Team teaching gives students the opportunity to develop
independent critical thinking, and learn to choose from offered alternative views,
solutions. Plurality of opinions helps students understand that there is no absolute
certainty and ultimate truth [14]. C. De Pablos Heredero et al. [3] relate the quality
of teamwork to the quality of communication, specifically its characteristics such
as accuracy, frequency of communication with each other, timeliness (timeless)
and type of problem-solving communication.

Falls et al. [15] defined cooperative higher education which creates the basis of
teamwork. They proposed five pillars necessary to build effective collaboration:
1. positive interdependence, 2. face-to-face promotive interaction, 3 individual
accountability and personal responsibility, 4 frequent use of interpersonal and small
group social skills, 5. frequent, regular group processing of current functioning.
Fathi et al. [16], who addressed the effectiveness of teamwork training in a univer-
sity setting, considered the following as determinants: financial resources, instruc-
tor qualifications, institutional support, time span of teamwork training, complexity
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of instruction, teamwork assessment, curriculum design, course redesign, planning
and implementation, and student workload.

Research findings related to directly implemented teamwork in the school and
its aspects showed that students who worked in a team, as opposed to working
individually, were significantly more likely to agree that the course achieved the
stated learning objectives. This opinion was influenced by the factors of 1) stu-
dent satisfaction with the teamwork experience; 2) instructor leadership related
to teamwork; 3) the presence of slackers in the teams; and 4) team size. It was
instructor guidance on how to work effectively in teams that significantly changed
students’ satisfaction [17]. The findings of Gero [18], who examined the attitudes of
heterogeneous teams of students from different backgrounds in interdisciplinary
lessons, also show that from the student’ perspective, the positives of teamwork
significantly outweighed the difficulties associated with teamwork, with the great-
est benefit being that the interdisciplinary team contributed to filling knowledge
gaps. Salim et al [19] reported that students valued the learning experience of
working in a team because of the opportunity to discuss the materials and exer-
cises and to realize the extent to which they understood the topics. On the contrary,
unequal contributions and unfair grading, individual differences among students,
inappropriate team formation, assignment, and instructional design led to nega-
tive teamwork experiences [20].

Teamwork is often associated with game-based learning, but also with
project-based learning [21] [22]. Vodernichova [23], who applied play in higher
education, concluded that simulation play in teams deepens knowledge and skills,
increases creativity and confidence, as well as motivation and interest. Modern
project-based learning, corresponding to the requirements of our times, must
develop social, communication and other skills for the needs of the 21st century,
and therefore requires students to work together on a project (team solution), not
just solve projects individually [24]. The opportunity to work as a team with class-
mates is one of the fundamental principles of project-based learning [25] and one
of the significant benefits that students perceive associated with project-based
learning [26].

2  METHODOLOGY

Two years ago, a new course was designed and introduced at our faculty, which
combines project solving and teamwork. The aim of our research was to find out
how teamwork is perceived by the students who took it during the academic years
2021/2022 and 2022/2023, and to deduce measures to improve the teaching of this
subject on this basis.

The following research questions were established:

1. What is the attitude of students towards teamwork in general?

2. What are the reasons for students’ positive attitudes towards teamwork or
its benefits?

3. What are the reasons for negative attitudes towards teamwork and/or per-
ceived problems?

4. How do students evaluate teamwork in terms of selected aspects directly related
to teamwork?

5. To what extent are they satisfied with teamwork in terms of aspects related to
their personality and what importance do they attach to these aspects?
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In relation to the objectives above, we tested the following hypotheses:

H1: We hypothesize that there are differences in the reasons for positive atti-
tudes towards teamwork between the group with positive attitudes and the
group with negative attitudes towards teamwork.

H2: We hypothesize that there are differences in the reasons for negative atti-
tudes towards teamwork between the group with positive attitude and the
group with negative attitude towards teamwork.

H3: We hypothesize that there are differences in the evaluation of the observed
aspects of teamwork between the group with positive attitude and the group
with negative attitude towards teamwork.

H4: We hypothesize that there is a difference in the level of satisfaction with the
observed personal aspects of teamwork between the group with positive atti-
tude and the group with negative attitude towards teamwork.

H5: We hypothesize that there is a difference in the level of importance of the
observed personality aspects of teamwork between the group with a positive
attitude and the group with a negative attitude towards teamwork.

2.1 Participants

148 respondents — students of the 2nd year of the bachelor’s degree at the
University of Economics in Bratislava, who took the course Project Management
and Teamwork in the years 2021-2023, participated in the research. It was one of
the optional courses, which students enrolled in at their own discretion. The sample
consisted of 75 females and 73 males studying the finance programme with a mean
age of 20.8 (SD = 0.80). Students were placed in positions in the teams according to
their performance on the Belbin’s Team Roles Test.

2.2 Instrumentation

The survey was conducted using a non-standardized questionnaire that we con-
structed for the purpose of this research based on the stated objectives. The ques-
tionnaire included closed-ended, multiple choice and scaled items.

The primary question, which was determinant for the division of respondents
into groups with positive and negative attitudes towards teamwork, answered by
the respondents and was a closed question: I like teamwork with yes/no response
options. This was followed by 2 multiple-choice items aimed at finding out the rea-
sons why they have a positive and negative attitude towards teamwork. Response
options were compiled based on the literature reviewed and preliminary discussions
with students. Respondents chose among them and they are presented in Tables 1
and 2. In the next items, respondents expressed on a scale of 1 to 6 (1 — completely
disagree to 6 — completely agree) the extent to which they found teamwork inter-
esting, difficult, motivating, popular, enjoyable, knowledge-enhancing, needed,
beneficial, developing personal qualities such as responsibility, independence, etc.,
limiting, and unfair. We have deliberately chosen this scale so that the students’
opinions would lean towards the positive or negative pole.

In the last part of the questionnaire, the respondents were asked to evaluate
the following aspects based on their own experience of teamwork: their relation-
ships in the team, their prestige in the team, the opportunity for personal growth,
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the opportunity to make independent decisions, the opportunity to help others,
appreciation for good results, the opportunity to think and act independently,
their authority in the team. Again, the ratings were expressed on a scale of 1 to 6
(1 — completely disagree, 6 — completely agree). They evaluated each aspect from
two perspectives: a) in terms of how satisfied they were with it and b) in terms of
how important it was to them. We pursued these two perspectives on the grounds
that attitude includes both emotional and cognitive aspects. Satisfaction primarily
reflects the importance of the emotional and the cognitive side of attitude.

One-factor and multi-factor analysis of variance (ANOVA) was used for statistical
analysis. The statistical significance of the differences between the views on team-
work among the group of respondents with positive and negative attitudes towards
teamwork were examined.

3  RESULTS

Out of the 148 undergraduate students, 90.55% (134) said they had a generally
positive attitude towards teamwork. Only 9.45% (14) of undergraduate students
expressed a negative attitude.

The reasons for the positive attitude towards teamwork are shown in Table 1.
The whole group of respondents particularly appreciates the fact that each team
member contributed something different, the opportunity to work with classmates
on common outcomes, finding more diverse solutions to problems, and the fun of
the teaching process. The three reasons mentioned above were also in the top three
ranks in the group with positive attitudes towards teamwork. The group of students
with a negative attitude equally appreciated that everyone in the team contributed
something different, that they learned to find and defend their point of view, and
that they found several diverse solutions to the tasks.

Table 1. The reasons of positive attitude of students towards teamwork (%)

Relation of All Relation of Participants  Relation of Participants

](;lt}g tl:l 'if:l?g S{;ﬁ;?:éts“{f;:;fxggﬁ Participants Who Like Teamwork = Who Do Not Like Teamwork lefc(all)'srnce
(n=148) (n=134) (n=14)

I could easily get a good grade with the 19.60 19.40 21.43 -2.03
help of other classmates
I could collaborate on common outcomes 62.16 68.66 .00 68.66
with my classmates
[ could apply my creativity 46.62 49.25 2143 27.83
We found several different solutions to the 54.73 55.97 42.86 13.11
tasks in the group
Each of us contributed something different 77.70 78.36 7143 6.93
My passivity in the group disappeared 541 448 14.29 -9.81
Ilearned more by working with my 37.16 40.30 714 33.16
classmates on the common outcomes
The teaching process was more fun 54.73 58.21 2143 36.78
Ilearned to find and defend my 39.87 38.81 50.00 -11.19
Own opinion
Other .68 .00 7.14 -7.14
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Table 2 shows the reasons that cause students’ negative attitude towards team-
work. In the whole sample of respondents and in the group with positive attitude
towards teamwork, the reasons related to time aspect are in the first two places.
Students do not like that the tasks took a lot of time and they could not organize their
time as they would like. More than a quarter are bothered by working with someone
irresponsible. In the group with a negative attitude, the reasons mentioned above
related to time and the fact that they have to work with someone at all because they
prefer to work alone were equally frequent. The last item also shows the largest
percentage difference (almost 40%) between the groups, which is logical. More than
18% said that working with someone less capable was also a problem for them.
More than 16% are bothered by having to adapt regarding solutions and ideas.
The smallest difference between the groups was in the item “I was not satisfied with
the final solution, but I had to accept it”.

Table 2. The reasons of positive attitude of students towards teamwork (v %)

Relation Relation of Relation of
The Reasons of Positive of All Participants Participants Difference
Attitude of Students Participants Who Who Do Not D)
Towards Teamwork e 11118) Like Teamwork Like Teamwork
- n=134) n=14)
I was working with someone 25.68 25.37 28.57 -3.20
irresponsible
[ worked with someone 12.16 10.45 28.57 -18.12
less capable
I've worked with someone who 10.81 11.19 7.14 4.05
doesn’t “fit” me
Working on tasks 43.92 44.03 42.86 1.17
took more time
I've had to work with someone 743 2.99 42.86 —-39.87
at all because I prefer to
work alone
[ couldn’t organise my time 27.03 25.37 42.86 —-17.48
and work as I would have
liked, (I had to constantly adapt
about time),
I had to constantly adapt to 6.76 5.22 21.43 -16.21
solutions, ideas
I'was not satisfied with the final 14.86 14.93 14.29 0.64
solution, but I had to accept it
Other 16.89 17.91 7.14 10.77

Statistical analysis showed that there was no statistically significant difference
between the groups with positive and negative attitudes towards teamwork in their
views on the reasons that cause positive attitudes (P-value = 0.16973435). The same
can be stated regarding the reasons for negative attitude towards teamwork, where
there is also no statistically significant difference between the groups (P-value =
0.19818121).
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In Table 3, we report how undergraduate students evaluate teamwork in terms
of selected aspects directly related to teamwork. Students perceive teamwork as
interesting, beneficial, enjoyable, developing qualities such as responsibility and
independence, extending knowledge, needed, motivating, and slightly less popular.
Lower values were obtained in the last two cases, which was due to the fact that
negative adjectives were used. However, if we reverse the result, we can conclude
that they do not perceive teamwork as limiting and unfair.

Based on the statistical analysis, we can conclude that there is a statistically sig-
nificant difference between the groups with positive and negative attitudes towards
teamwork in the evaluation of all but two of the observed aspects. We did not find
a statistically significant difference in the opinion that teamwork is challenging
(P-value = 0.93752959) and unfair (P-value = 0.70749109).

Table 3. Evaluation of teamwork in terms of selected aspects (%)

Relation of Relation of

Relation of All

Partici Participants Who  Participants Who Do
. articipants Like T Kk NotLike T K o

Evaluation of Teamwork (n = 148) LKCpeanwer otLike leamwork pifference (D) Average Value***

(n=134) (n=14)

Interesting 13.51 86.49 821 91.79 64.29 35.71 -56.08 4.74
Challenging 48.65 51.35 49.25 50.75 42.86 57.14 6.39 3.67
Motivating 24.32 75.68 21.64 78.36 50.00 50.00 -28.36 4.30
Popular 37.16 62.84 32.09 67.91 85.71 14.29 —53.62 3.97
Enjoyable 20.95 79.05 1791 82.09 50.00 50.00 -32.09 448
Extending knowledge 22.97 77.03 20.15 79.85 50.00 50.00 —29.85 446
Needed 22.30 77.70 19.40 80.60 50.00 50.00 -30.60 441
Beneficial 14.86 85.14 11.94 88.06 42.86 57.14 -30.92 4.66
Developing qualities such as 20.27 79.73 17.16 82.84 50.00 50.00 —32.84 453
responsibility, independence
Limiting 68.92 31.08 70.90 29.10 50.00 50.00 20.90 2.89
Unfair 8243 17.57 82.09 1791 85.71 14.29 -3.62 2.31

Notes: *Participants who evaluate negatively (scale 1 - 3). **Participants who evaluate positively (scale 4 — 6). ***Scale from 1 to 6

(6 — maximum).

10 International Journal of Engineering Pedagogy (iJEP)

The extent to which students are satisfied with the selected aspects related to their
personality and the extent to which these aspects are important to them is shown in
Table 4. Across the whole sample of respondents, the highest satisfaction was with
group relationships and appreciation for good results achieved. In third place was
the opportunity to help others. Prestige in the team was also ranked above 80% of all
students, but only 60% of them considered it important, and authority in the team
was also ranked lower, with only 66% considering it important. Satisfaction was
lowest with the opportunity to make decisions independently.

A statistically significant difference emerged in four cases. Students with positive
attitudes toward teamwork found relationships within the team significantly more
important (P-value = 0.00017829), were significantly more satisfied with the oppor-
tunity to help others (P-value = 0.00261011), and also placed significantly more
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importance on the opportunity to help others than students with negative attitudes
(P-value = 0.00023638). These students are also significantly more satisfied with
appreciation for good results achieved (P-value = 0.04834551).

Table 4. Evaluation of satisfaction and importance of selected personality aspects (%)

Relation of Relation of
Evaluation of Satisfaction Relation of All Participants Who  Participants Who Do
and Importar_lce of Selected Participants (n = 148) ‘t‘]\;’l‘:‘:ii Likti Te_almwork Not Like Teamwork
Personality Aspects n=134) (n=14)
N* kil N* Y N* N

Relationships in team satisfaction 10.14 89.86 5.22 8.96 91.04 21.43 78.57 -12.47

Importance 12.16 87.84 493 9.70 90.30 35.71 64.29 -26.01
Prestige in team satisfaction 18.92 81.08 474 19.40 80.60 14.29 85.71 5.11

Importance 39.86 60.14 3.86 39.55 60.45 42.86 57.14 -3.31
Possibility of satisfaction 22.30 77.70 447 21.64 78.36 28.57 7143 -6.93
petsonal growth importance | 2365 | 7635 453 2239 | 7761 | 3571 | 6429 | -1332
Possibility of satisfaction 26.35 73.65 432 25.37 74.63 35.71 64.29 -10.34
g‘e(ifggﬁd;g;mg importance | 2770 | 7230 430 2910 | 7090 | 1429 | 8571 1481
The opportunity to satisfaction 12.84 87.16 487 10.45 89.55 35.71 64.29 —25.26
help others importance | 2230 | 77.70 450 1940 | 8060 | 5000 | 5000 | —30.60
Appreciation for good satisfaction 10.14 89.86 5.05 8.96 91.04 21.43 78.57 -12.47
results achieved importance | 1824 | 8176 470 1716 | 8284 | 2857 | 7143 | -1141
The possibility of satisfaction 25.00 75.00 440 23.88 76.12 35.71 64.29 -11.83
Lﬁegfggﬁm thinking - orance | 2162 | 7838 439 2313 | 7687 714 | 9286 1599
Authority in team satisfaction 18.24 81.76 4.68 19.40 80.60 7.14 92.86 12.26

Importance 33.78 66.22 418 32.84 67.16 42.86 57.14 -10.02

Notes: *Participants who evaluate negatively (scale 1 — 3). **Participants who evaluate positively (scale 4 — 6). ***Scale from 1 to 6
(6 — maximum).

4  DISCUSSION AND CONCLUSION

The majority of students in our research sample declared a positive attitude
towards teamwork as it was implemented in the Project Management and Teamwork
course. This we consider to be a very good result and a solid basis for the use of
teamwork in university courses. Although there is a low percentage of students with
negative attitude towards teamwork in our research sample, we should try to man-
age teamwork to change their attitude in a positive direction.

The reasons for the positive attitude towards teamwork were the fact that each
team member contributed something different, the opportunity to collaborate with
classmates on common outcomes, finding more and different solutions to tasks, and
the fun of the learning process. The three reasons mentioned above were in the top
three ranks for the whole group and for the group with positive attitudes towards
teamwork. The group of students with a negative attitude equally appreciated that
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everyone in the team contributed something different, that they learned to find and
defend their opinions, and that they found multiple and varied solutions to the tasks.
A comparison of the groups shows a difference in the item “I could collaborate on
common outcomes with my classmates”, which was not marked by anyone in the
group with a negative attitude. This finding confirms the truthfulness of the answer
to the primary question exploring the attitude towards teamwork. Students with
negtive attitudes also much less value the fun of the class and do not perceive that
they learn more when working together on common outcomes than those with posi-
tive attitudes. There is also a nearly 28% difference between the groups in the oppor-
tunity to apply their creativity, with several authors suggesting that greater flexibility
and more creative solutions overall is one of the characteristics of a well-functioning
team [1] [6]. Students with a negative attitude towards teamwork rate higher that
they learned to find and defend their opinion, that their passivity in the group disap-
peared and they could easily get a good grade with the help of their classmates. These
three reasons imply a focus of students with negative attitudes towards teamwork
more on themselves and their advantages, which is directly opposed to the intrin-
sic setup or attitude to teamwork. The crucial condition for successful teamwork is
primarily the willingness and decision to work together in a team, which means to
perceive oneself as part of a larger whole—of the team [13]. This group of students
identified the fact that their passivity disappeared and they got a better grade thanks
to their classmates as a positive reason influencing their attitude towards teamwork.
Hence, the challenge for teachers implementing the course is to make sure that the
passivity of no one in the group disappeared and that no one gets a good grade
for the work and performance of others. This is a well-known problem that is also
addressed in the context of student assessment in project-based learning. One of
the ways to address the problem of passivity and disinterest of some students in the
classroom is precisely the application of teaching forms and methods that are aimed
at motivating and activating students, which certainly includes teamwork [13].
From the perspective of students with a positive attitude towards teamwork, this
may be a factor that makes them dislike teamwork. Therefore, it should be consis-
tently insisted that everyone must be involved in teamwork. We hypothesize that
the group with a negative attitude is more likely to be introverts, who generally
prefer to work alone and cannot be assertive to the same degree as those with a pos-
itive attitude. It is therefore necessary to provide them with more space to express
their thoughts and ideas. We therefore see the fact that they have learned to find
and express their opinions as a plus point of teamwork for this group. However,
there is still a challenge for the team leader to create more space for them to apply
their creativity, which they are much more dissatisfied with than the group with a
positive attitude towards teamwork. However, despite some differences between
the groups compared, there was no statistically significant difference of opinion on
the reasons that cause positive attitudes towards teamwork, so we conclude that
H1 was not confirmed.

Regarding the negatives of teamwork, students identified those known from the lit-
erature, such as the time-consuming nature of teamwork and the need to adapt [7], [8],
but in our sample, working with someone irresponsible or less capable also occurred.
In this context, it is important for team leaders to appeal to students not to underes-
timate any of their classmates and not to point out their negative characteristics. To
make them aware that everyone has certain skills and qualities that can contribute to
the effectiveness of the team, the team leader should highlight something about each
student in the team that is related to his/her role to show his/her contribution. Positive
is that students from both groups have no problem accepting the final solution and
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understand the essence of the democratic approach. Although we observed some dif-
ferences regarding the reasons for negative attitudes towards teamwork, there was
no statistically significant difference between the groups and H2 was not confirmed.

In H3, we hypothesized that there are differences in the ratings of the observed
aspects of teamwork between the group with positive attitudes and the group with
negative attitudes towards teamwork. We found that in the whole sample of respon-
dents, teamwork was positively evaluated in terms of interestingness, usefulness (as
beneficial), fairness, necessity, its impact on the development of personal qualities
such as independence and responsibility, and the area of knowledge. Just below the
threshold of 4, which already corresponds to a positive attitude, were also popularity
and difficulty (challenging). There was a statistically significant difference between
the groups with positive and negative attitudes towards teamwork in the evaluation
of all but two of the aspects studied, namely, difficulty (as challenging) and unfair-
ness, and we therefore conclude that H3 was partially confirmed. Although there
is often controversy about the fairness of the evaluation of students in teamwork
and project solving, we conclude from the results that the evaluation as it was set up
was correct. It included the assessment of individual outputs as well as collabora-
tive team outputs and involved the teacher, team leaders and other team members
commenting on the assessment. The difficulty of the course and the project was also
set appropriately, as it was considered challenging/unchallenging by about half of
the students.

Searching the level of satisfaction and the importance of those aspects of team-
work that are related to the personal characteristics of students working in teams
showed that students with positive attitudes towards teamwork are significantly
more satisfied with the opportunity to help others and with the relationships within
the group. These aspects are also significantly more important to them than to stu-
dents with negative attitudes. They are also significantly more satisfied and appreci-
ation for good results achieved is more important to them. Based on these findings,
we conclude that H4 and H5 were only partially confirmed because out of the 8
aspects studied, there was a difference in satisfaction in only three and importance
in only one aspect. It shows that students with a positive attitude towards teamwork
are generally more oriented towards relationships and feedback from other people.
Although not significantly, the results suggest that students with negative attitudes
towards teamwork are more satisfied with their authority and prestige in the team,
but they are less important to them than to students who like teamwork. Almost
12% fewer students with negative attitudes are satisfied with possibility think and
act independently, but it is more important to them. This again confirms that these
students prefer their individuality to working in a team.

In terms of satisfaction and importance evaluation, future work needs to focus
particularly on those aspects of teamwork where there was the greatest difference
in satisfaction and importance evaluation, namely where there is low satisfaction
with the aspect they consider important. These are the possibility to think and act
independently and the possibility to make independent decisions in a group with
a negative attitude. Since we are concerned with building team spirit, the solution
lies in explaining and pointing out the benefits of a certain subordination to others.
We find it useful to point out what they themselves have mentioned as a benefit of
teamwork, and that is the fact that they have learned to find and defend their opin-
ion through teamwork.

Based on the results so far, we can conclude that the development of students*
teamwork at our university within the subject Project Management and Teamwork
is going in the right direction. The development of teamwork in PBL creates learning
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processes where students are immersed in a collaborative experience that devel-
ops personal skills, enhances leadership, negotiation, creativity and brings students
closer to the real world of project management [27].

The success of an educational process focused on teamwork requires that both
teachers and students take an active role and responsibility. In the case of the
teacher for leadership, in the case of the student for their own learning. On the part
of the students, it is active participation, sharing information, knowledge, experi-
ence, ideas, completing assignments and meeting deadlines, maintaining cooper-
ative relationships, willingness to help, making decisions together, fostering team
spirit and cohesiveness. Leadership involves providing direction and motivation to
others to meet project objectives; creativity and the ability to think and act in orig-
inal and imaginative ways, using individual and collective ideas to find common
benefits in the project; negotiation as a means by which people can resolve their
disagreements and maintain good relationships within the project team [27]. The
recommendations and the activities mentioned in relation to the role of the team
leader and the teacher, will be tried to be implemented to take the development of
students‘ teamwork to an even higher qualitative level. It is the instructor‘s guidance
on how to work effectively in teams that can make a significant difference in student
satisfaction [17].

Due to the limited research sample, we cannot generalize the results. In the
future, it will be necessary to expand the research sample and compare the results
obtained on the sample of economics students with the results obtained by students
from other disciplines. Our research method for detecting attitudes was a question-
naire; however, another method for detecting attitudes, e.g. the semantic differential
method, could also be considered. Supplementing these with whole-team discussion
or observation could also be useful. In next academic years, we plan to explore stu-
dents‘ attitudes towards teamwork in more detail with respect to the different team
roles according to Belbin, the use of which we have found to be successful.
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ABSTRACT

In this study, we examined the effects of project-based learning (PBL) on student learning out-
comes related to the subject of signals and systems in the field of electronic engineering at the
Universidade Estadual de Campinas (UNICAMP) in Brazil and at the Pontificia Universidad
Javeriana (PUJ) in Colombia. We used two methods to assess the effect of PBL on student out-
comes: (1) we used the Signals and Systems Concept Inventory (SSCI) to measure the increase
in conceptual understanding of signals and systems among electronic engineering UNICAMP
students as a consequence of implementing PBL; and (2) we compared the results on a com-
prehensive signals and systems final exam of a group of electronic engineering students at
PUJ who received PBL to those who did not. Results indicated that (1) UNICAMP students
achieved outcomes comparable to those of Buck and Wage’s study: UNICAMP students taught
with projects learned more than students in 15 Signal and Systems lecture-based courses in
the United States; and (2) PUJ students taught with projects received higher final exam grades
than students taught via lectures. Students were able to apply their knowledge of signal pro-
cessing and systems analysis using MATLAB models. These models provide authentic assess-
ments of engineering students’ knowledge and skills. The findings of this study indicate that
PBL is more effective than lectures in enhancing students’ understanding and application of
signals and systems concepts.

KEYWORDS
project-based learning, authentic assessment, mathematical modeling, learning outcomes,
signals and systems engineering

1  INTRODUCTION

Courses in engineering education are usually theoretical and offer limited pos-
sibilities for applying disciplinary concepts. This is frequently the case with Signals
and Systems, a subject taught as part of the electronic engineering program in the
third year at UNICAMP and PU]J. Content is taught in lectures in which the instructor
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explains a topic and students take notes in class. Students frequently present difficul-
ties in understanding some concepts and how to apply them.

Signals and systems is a field of study that involves examining the representa-
tion of signals and the changes that occur to them as they pass through systems.
Signals and systems have many applications in engineering, including electrical
and electronic circuit design, photonics, electromagnetics, telecommunication sys-
tems, control systems, and electrical power systems. Thus, it is studied in electronic
engineering and other fields such as mechatronics, bioengineering, networks, and
telecommunications.

The study of signals and systems is highly mathematical because the focus is on
predicting the behavior of a system when it is subjected to different input signals.
Students often struggle to appropriately apply the mathematical content required
to understand the operation of signals and systems. In surveys carried out with stu-
dents, one of the recommendations they made to help them understand the content
of the course was that students should be required to carry out exercises and appli-
cations to be able to “see a signal in the real world” and not just solve mathematical
problems. To do this, we set up a series of projects to encourage students to use the
ideas they learned in class. Students can also work together to solve problems and
learn about them through the projects.

MATLAB, a program for designing, developing, and evaluating solutions, was
used to create the projects. MATLAB is a numerical calculation and programming
platform used for data analysis, algorithm development, and model creation.
Students can use MATLAB to apply mathematical concepts and models to the oper-
ation of signals and systems. The program is used in various industries, including
the automotive, medical devices, biotech, pharmaceutical, and communications
industries [1].

1.1 Project-based learning

Project-based learning (PBL) is used in engineering education to help students
achieve learning outcomes [2-5]. PBL is a teaching method in which students
improve their understanding of a subject through the completion of meaningful
projects and product development [6]. Diaz-Barriga [7] proposed five characteristics
of the PBL: (1) it involves focusing on a learning outcome of the curriculum; (2) it
is a strategy facilitated by the teacher, and the student actively and purposefully
participates; (3) it promotes the learning of knowledge and procedures of project
management and collaboration between students; (4) it provides a set of tasks in
which all students can participate; and (5) it is oriented toward a specific product.
The creation of a concrete product is what differentiates this strategy from prob-
lem-based learning [8].

Prince and Felder [9] investigated the distinctions between various teaching meth-
ods such as inquiry-based learning, problem-based learning, PBL, and case-based
learning. These authors emphasized that all these teaching methods share certain
characteristics, such as being student-centered, in the sense that they involve seek-
ing to encourage students to actively participate in their learning. They are all con-
structivist approaches; that is, they involve assuming that students construct their
own understandings of a subject rather than absorbing information presented by

18 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 13 No. 6 (2023)


https://online-journals.org/index.php/i-jep

UEP | Vol. 13 No. 6 (2023)

Project-Based Learning: Authentic Engineering Assessment Supported by Model Design

their instructors. Similarly, all these methods involve students discussing answers to
questions, solving problems, and working collaboratively.

However, Prince and Felder argued that, although the methods are very sim-
ilar, differences can be found in that the product of inquiry-based learning can
simply be the answer to an interesting question: case-based learning involves the
analysis of real or hypothetical cases, PBL involves developing a product (which
can be a design, a model, an apparatus, a physical product, or a computer simu-
lation), and problem-based learning is characterized by presenting students with
ill-defined problems that do not have clear goals, solution paths, or expected solu-
tions. Thus, students participate in the definition of the problem. These authors
mentioned that PBL requires the application of previously-acquired knowledge
while problem-based learning requires the acquisition of new knowledge, and
that the solution may be less important than the knowledge gained in finding
the solution.

1.2 Authentic assessment

Authentic assessment enables students to apply theoretical and procedural con-
tent to real contexts, like those of their professional practice or daily life, creating
a link between what is learned and the contexts where learning occurs. Authentic
assessment involves assigning complex or challenging tasks to students that enable
instructors to provide frequent feedback on their learning process. In addition,
real-life situations usually involve interaction with others, which is why authen-
tic evaluation includes situations of social interaction and positive interdepen-
dence [10].

Authentic assessment is inherent to the learning process. Therefore, it cannot
be disjointed from teaching methods. For example, transmissive lectures are eval-
uated through multiple-choice questions that are used to assess how well students
memorized the concepts presented in class [11]. Thus, PBL is assessed through the
creation of products, designs, models, or simulations, which enables students to
demonstrate that they can apply theoretical and procedural knowledge to signal
processing and systems analysis, which are authentic performance contexts for
engineers.

MATLAB supports the creation of student designs, models, and simulations
and enables users to perceive the effects of model variations on signal processing.
Students are free to experiment, explore, and discover the implications of the varia-
tions of their models in MATLAB. The program has many applications in image pro-
cessing, computer vision, wireless communications, data science, control systems,
robotics, and many others [12].

1.3 Previous investigations

Few articles have been published on the use of PBL in higher education.
Researchers who conducted a literature review of PBL in higher education found
that only 76 of the 450 studies published before September 2019 met criteria such
as: (1) the studies had to be empirical and should provide original data; (2) the
studies had to focus on student learning; (3) the implementation of PBL had to be
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conducted in higher education; (d) the impact of PBL on student learning outcomes
had to be measured; (e) the studies had to meet the key characteristic of PBL, namely
the development of a product. Furthermore, only 17 of these 76 articles contained
evaluations of disciplinary knowledge acquisition, and only 9 evaluated disciplinary
skill acquisition [13]. Also, other researchers performed a meta-analysis to compare
the effects of PBL with traditional methods of instruction. Only 29 articles published
between 1998 and 2017 reported medium to large positive effects on students’ aca-
demic achievement compared with traditional instruction [14]. Only 6 of those 29
articles contained investigations of the effects of PBL on learning outcomes in higher
education.

Between 2000 and 2019, the effects of PBL on engineering education were
studied in 73 published articles, 32 documents presented at conferences, and
three book chapters [15]. Among these investigations, only 45 involved the use
of a quantitative methodology, and only 16 specifically covered PBL in electronic
engineering. Likewise, most articles involved studying the implementation of
PBL in a course (N = 73), and only a few involved doing so at the curricular
level (N =23).

Several scholars reported that PBL increased students’ content knowledge, use
of cognitive learning strategies, motivation, self-efficacy, engagement, and skills,
including critical thinking, collaboration, lifelong learning, and artifact performance
[13]. The authors of another review focused on examining different forms of imple-
mentation and the challenges involved in PBL. These authors identified common
patterns in the implementation of PBL, such as students working in small groups to
solve unstructured, authentic problems. Additionally, these authors found that PBL
implementation can be hindered by heavy workloads, limited time and resources,
and a lack of pedagogical training for both students and teachers. In contrast, having
institutional support for resources, promotion standards, infrastructure, and learn-
ing equipment were factors that facilitated the method’s implementation [15]. Lastly,
the authors of a meta-analysis showed that PBL is more effective than lecture-based
instruction and investigated the factors that can moderate the effect of PBL on stu-
dent outcomes, such as group size, hours of instruction, and information technology
support [14].

According to this literature review, this study particularly contributes to the
knowledge of the use of PBL in engineering. As mentioned above, few researchers
have analyzed the impact of this teaching method on student learning outcomes
(i.e., knowledge and skills) in engineering education [13-15].

1.4 Research question

The primary research question in this study is whether PBL improves students’
understandings of signal and system concepts. Therefore, we developed specific
project assignments that can be used to improve students’ understandings of sig-
nals and systems concepts. The research objectives were to (1) evaluate how well
students learned signals and systems concepts using specific projects designed for
the Signals and Systems course, and (2) compare the learning outcomes of students
using PBL versus traditional instruction.
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2 DESCRIPTION OF THE COURSE AND PROJECTS

In the Signals and Systems course at UNICAMP and PU]J, signals are studied, and
a signal is understood as anything that contains information about the nature or
behavior of some physical phenomenon (e.g., an electromagnetic, acoustic, mechan-
ical, and biological phenomenon) [16]. Systems use signals as inputs to generate
specific outputs. For example, electronic systems can capture acoustic information,
encode it as a signal, process it, and produce an output as an acoustic signal again
(like when we communicate on a telephone).

A signal can be mathematically represented by means of a function that depends
on one or more independent variables. In Signals and Systems, two types of signals
are studied (i.e., continuous and discrete signals), each with its own characteris-
tics and classifications. The mathematical functions for calculating continuous and
discrete signals are the following:

X(t) =0.5c0s (2r100 t) — 0.3sin (2150 t) + 0.1cos (2r250 t) (D

x[n] =0.5cos (27100 n) — 0.3sin (27150 n) + 0.1cos (27250 n) (2)

Figure 1 depicts the signal’s continuous-time x(t) graphic representation and a
discrete-time signal x[n] graphic representation of a segment of a human voice.

x[n]

Fig. 1. Graphical representation of a signal’s continuous-time x(t) and a discrete-time x[n] segment of a human voice

UEP | Vol. 13 No. 6 (2023)

In addition, students study linear time-invariant (LTI) systems in the Signals and
Systems course. These systems are those that comply with the properties of linear-
ity and invariance in time [17]. LTI systems are important because they facilitate
the analysis of complex systems that can be represented by mathematical models
that meet these two conditions. Their practical utility lies in the fact that when the
impulse response of a system is known, the output from any input can be known.
For example, in the analysis of the acoustics of a theater, or by means of filters, the
amplitude of unwanted signals can be reduced until they are almost imperceptible.
Finally, in the course, students study the sampling process of a continuous signal and
the conditions under which it is possible to recover this sampled signal.

Systems analysis, combined with system interactions, enable students to describe
and analyze the behavior of LTI systems that are used in a variety of contexts, includ-
ing control systems (e.g., the control system of a robot), communication systems (e.g.,
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communication via telephones), digital systems (e.g., computers), medicine (e.g., sig-
nals from the brain), and bioengineering (e.g., reading and monitoring the insulin
level of a diabetes patient).

Sound processing is one of the most common applications of signal analysis.
In Project 1, students can perform different types of time transformations (e.g.,
inversion, scaling, and delay sequence) on an audio signal to understand their
effects. For example, students can use inversion to play an audio clip of a human
voice saying the palindrome, “A man, a plan, a canal: Panama” in reverse at dif-
ferent speeds (i.e., perform scaling) until it sounds correct. Delay is commonly
used to produce an echo effect on voices. It has been used by artists such as Elvis
Presley and U2.

Sound processing can also involve the use of LTI systems. For example, this
can be done to combine a singer’s voice with an instrument, as Cher does in her
song “Believe.” Another useful application of LTI systems is in the analysis of the
effect of performing in an auditorium. LTT systems also have applications in image
processing, such as image sharpening (i.e., reconstructing signals). In Project 2,
the impulse response of the LTI systems is used so that the output can be deter-
mined from any input using convolution or by combining two signals to generate
a third signal.

The Fast Fourier Transform (FFT) algorithm must be used in Project 3 to identify
the frequencies generated by pressing a digit on a telephone keypad. When we use
a landline phone and dial different numbers, DTMF value identification can be
used to recognize the numbers on the target device or the information we want
to convey through the phone keypad (e.g., the input of menu options or a credit
card number). In this project, students must identify a series of 15 tones generated
by pressing the number pad on a telephone in an audio recording. Specifically,
they must identify the numbers that were pressed and the order in which they
were dialed.

In Project 4, students design an LTI filter to recover the original message from
a noisy voice message. In this project, students are given an audio file of a song
that has noise added to it. Students must determine the bandwidth of the noise and
design a filter that makes the noise imperceptible to the listener while maintaining
the song’s sound.

The effects of sampling and subsampling on signal visualization are investigated
in Project 5. We hope that by completing this project, students can visualize the effects
of sampling and subsampling and, thus, comprehend the Nyquist theorem, which
describes how to sample a signal so as not to lose information. Any signal containing
frequencies higher than those established by Nyquist cannot be reconstructed to
its original state. If the signal contains lower frequencies than those established by
Nyquist, then the original signal can be reconstructed.

In this project, the students must change the drip rate of a small hose. Students
start with a fixed drip frequency and then increase the frequency or speed to see
what happens when a signal is under-sampled without meeting the Nyquist condi-
tions. The water may appear to go upward when observed on the screen of a mobile
phone, but in real life, the water will always be seen falling. The first four projects
are done using MATLAB. The fifth project does not necessitate the use of MATLAB,
but a cellphone is needed.

The characteristics of the five projects mentioned above are described in Table 1.
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Table 1. Expected learning outcomes, activities, and evaluations of the projects

Expected Learning Outcome

Project 1:
Apply transformations of the independent
variable to audio signals.

Learning Activities

Create the variables corresponding to the audio files
in MATLAB.

Specify the time variable for each audio file.

Perform the transformations of displacement,
inversion, and scaling on the audio files.

Evaluation

The student will produce different
audio files with different sound
effects (i.e, shift, reverse, and
scale) from the input audio signal.

Project 2:

Find the impulse response of an LTI system
in a physical system.

Use the convolution of this system’s
impulse response with an input to an LTI
system to identify the produced signal.

Calculate the impulse response of a real system.

Use MATLAB to calculate the convolution
between the system’s input signal and its
Impulse response.

The student will simulate the output
signals of different LTI systems
based on their impulse responses
and input signals, identifying the
perceptual differences between
the input and output signals.

Project 3:
Use the FFT to identify the frequencies that
make up a signal.

Segment the input signal from the identified sounds.

Apply the FFT to each of the audio segments.

Identify the two main frequency components of
each audio segment.

Do the mapping between the two main frequencies
of each segment and the numbers on the
telephone keypad.

The student will design a model to
analyze the input signal from the
frequencies that compose it. The
model indicates the input order
of each of the 15 digits in the
audio file.

Project 4:

Identify the parameters that a filter must
meet to obtain the desired audio when
applied to the input signal.

Design a couple of digital filters (i.e., finite
impulse response and infinite impulse
response) that reduce the noise added
to a song.

Identify the frequency interval in which the
frequency sweep to be eliminated is located.

Use the Filter Designer Tool in MATLAB to create
the corresponding filter.

Apply the designed filter to the signal to be filtered.

Students will create a pair of digital
filters that will allow them to listen
to a song with low noise levels.

Project 5:

Compare the result of a sampled signal
when the Nyquist sampling rate is met
and when it is not met.

The student should run a rubber hose down past
a speaker so that the hose touches the speaker.
When the speaker produces sound (i.e., vibrates),
it will vibrate the hose. Students let the water run
and record the flow rate. While the student is
recording, they should change the frequency of
the speaker’s vibrations and watch what happens
to the water flow on camera.

The student will make a video to
record the water flow and explain
the activity.

The student will present a model that
explains the frequency interval
when the water flow is observed
moving upward on a mobile
phone screen.

The students received continuous feedback throughout the duration of their

JEP [Vol. 13 No. 6 (2023)

projects based on the requirements of each assignment. Students can determine
which criteria they met and did not meet through formative assessments. The for-
mative assessments also assisted instructors in identifying student areas of difficulty
and immediately addressing them. At the conclusion of the project, each group was
informed of their most significant achievements. Exemplary outcomes were demon-
strated in class. This is done to not only highlight results that exceeded expectations
but also inspire other students to make future achievements.

3  MATERIALS AND METHODS
3.1 Research design

We used two methods to test the effectiveness of the implementation of PBL in
Signals and Systems: normalized gain scores [18] and a quasi-experimental design
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using a nonequivalent control group post-test only [19]. Students in a signals and
systems course at UNICAMP that involved the use of the PBL method were tested
before and after the course to assess their gains in conceptual understanding as a
result of instruction. In addition, the students in the same course at PUJ were tested
the semester before the implementation of PBL techniques and the semester after
the implementation of those techniques.

3.2 Subjects

A total of 19 electronic engineering students from UNICAMP participated in this
study. The students were juniors, between 20 and 33 years old (on average, 22 years
old), and the group was made up of 14 men and 5 women.

In addition, 26 students from PUJ’s electronic engineering program who took
a Signals and Systems course in which PBL was used participated in this study.
The students were juniors, aged 19 to 21 (20 years on average), and there were 22
men and 4 women in the group. These students’ final exam results were compared
to those of the 19 students who took the same course with the same teacher and took
the same final exam in the previous year.

3.3 Research instrument

The SSCI is a 25-question, multiple-choice exam designed to assess students’
understandings of the fundamental concepts taught in the Signals and Systems
undergraduate course that is part of the electronic engineering curriculum [20].
When administered before and after the completion of the course, the SSCI mea-
sures the gain in a student’s conceptual understanding as a result of instruction.
Information about the validation of the instrument can be found in the article by
Buck et al. [20].

In addition to supporting research on the impact of course-specific instruction
on students’ understandings of fundamental signals and systems concepts, the SSCI
facilitates comparisons between universities and different populations.

3.4 Data analysis

The SSCI makes it possible to obtain a quantitative assessment of student per-
formance. When administered as a pre-test and post-test, it can be used to quantify
how much students have learned in a course. For this purpose, the normalized gain
is obtained as follows:

_ post —pre
g)= 100 - pre )

The pre-test and post-test values are calculated using only the grades of students
who took both exams. The normalized gain represents a fraction of the progress
achieved in the course. Another interpretation is that students learn 100<g>% of the
concepts that they did not know before taking the course.

In addition, PUJ students’ final exam scores were analyzed using a Shapiro-Wilks
test to determine whether the data were normally distributed. The Shapiro—-Wilks test
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is best suited for use in studies with small sample sizes (i.e., less than 50 participants).
The Shapiro-Wilks test results indicated that the samples were normally distributed
(for the control classroom, W (19) = 0.94, p = 0.23, and for the PBL classroom, W (26)
= 0.96, p = 0.43). The Levene’s test results, on the contrary, revealed unequal vari-
ances (F (1,43) = 8.38, p = 0.01). Thus, a Welch test was used to test the differences
between group means.

4  RESULTS

4.1 SSCI results for UNICAMP students

Table 2 shows the normalized SSCI gain obtained by UNICAMP students due to
the implementation of PBL.

Table 2. SSCI results
Student First Week (PRE) Last Week (POST) Gross Gain Normalized Gain

1 80 92 12 60
2 64 68 4 11
3 36 56 20 31
4 40 48 8 13
5 52 80 28 58
6 32 68 36 53
7 52 64 12 25
8 40 72 32 53
9 52 68 16 33
10 80 92 12 60
11 32 76 44 65
12 40 60 20 33
13 52 56 4 8
14 52 80 28 58
15 48 72 24 46
16 56 76 20 45
17 32 52 20 29
18 48 64 16 31
19 40 44 4 7
Mean 49 68 19 38

Additionally, a Welch test was performed to evaluate the effect of instruction
on the SSCI score. The analysis revealed a significant difference between pre-test
and post-test results (£(35.88) = 4.24, p = 1.47). On average, students scored higher
after PBL instruction than before. These results support the conclusion that students
gained knowledge in signals and systems through instruction.
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Table 3 shows the mean results of the pre-test and post-test and the normalized
SSCI score gain for the UNICAMP students.

Table 3. Comparison of pre and post means and medians, and normalized
gain SSCI scores for UNICAMP students

Mean Median Standard Deviation Minimum Maximum
Pre-test 19 48.84 48 14.15 32 80
Post-test 19 67.79 68 13.36 44 92
Gain 0.38 0.33 0.19 0.07 0.65

Buck and Wage [21] calculated the normalized gain for 20 signals and systems
courses. Lecture courses had an average normalized gain of <g>= 0.20 £ 0.07 while
the five courses that involved the use of an active and cooperative teaching strategy
achieved an average normalized gain of <g> = 0.37 £ 0.06. The results of this study
align with those in Buck and Wage’s study because we obtained an average normal-
ized gain of <g> = 0.38 + 0.19 when comparing the pre- and post-test results of the
students at UNICAMP (see the results in Table 3).

4.2 Final exam results for the PUJ Students

In the PUJ course, the students from the semesters before and after the imple-
mentation of the PBL took the same final exam. The final grades can vary from 0
to 5. Table 4 shows that the mean final exam grade was higher for the students who
carried out the projects: 2.30 for the course without projects and 3.06 for the course
with projects. The standard deviation was reduced from 1.27 to 0.65. The minimum
final exam grade also increased from 0.50 to 1.55.

Table 4. Comparison of final exam means and medians before and after PBL implementation

N Mean Median Standard Deviation Minimum Maximum

Course without projects | 19 | 2.30 2.50 1.27 0.50 4.95
Course with projects 26 | 3.06 3.18 0.65 1.55 425
Difference 7| 076 0.68 0.62 1.05 0.70

According to the Welch test, the difference in final exam averages between stu-
dents who took the course without projects and those who took the course with
projects is significant (£(24.86) = 5.69, p = 0.025). On average, students who took the
course with projects scored higher than students who took the course before the
projects had been included in it. The 95% confidence interval for the average final
exam grade in the course with projects is between 2.80 and 3.32. These results sup-
port the conclusion that project-based teaching is more effective than lecture-based
teaching for signals and systems content.

5  DISCUSSION

PBL is an effective teaching method for promoting student learning in electronic
engineering signals and systems courses. The SSCI results for UNICAMP students
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indicate that those who developed signals and systems projects had a higher average
normalized gain than those who were taught through lectures. In addition, accord-
ing to the final exam results of PUJ students, the course in which the instructor
implemented signals and system projects had, on average, higher grades. Therefore,
PBL is more effective than lectures for teaching signal and systems related concepts
and skills. Moreover, these outcomes are comparable to those of other universities
in the world.

In an anonymous course evaluation, most of the students supported the PBL
methodology, arguing that it was a more effective way of learning than lectures.
Some of them also argued that they felt more motivated to study the signals and
systems content in a course taught in this way. Some students suggested that this
strategy should be incorporated into other courses. A negative aspect listed by some
students was that this methodology is time-consuming.

Moreover, all students achieved the expected learning outcomes in each project.
One reason students achieve the expected learning results is that in the application
of theoretical concepts to the projects, they realized the conceptual deficiencies that
they can solve with feedback from their peers or the instructor. In addition, as they
use signals and systems concepts, they begin to widen their grasp of the procedures
required to process a signal, consolidating their learning.

MATLAB also enables the integration of conceptual and procedural knowledge
of signals and systems into sound or voice processing, which is an authentic per-
formance context for an electronic engineer. “MATLAB projects allow me to deepen
concepts and understand the use of signals and system concepts in real life,” a stu-
dent explained. The simulation carried out in MATLAB enables students to change
the input and output variables and obtain different results. This means that students
can try different strategies and approaches. The program also enables students to
engage in simulating processes that, if carried out with the devices intended for
them, would cause students to incur costs that must be considered because not all
students have the means to do so beyond class. However, it is important to have
resources and support students who have not used the program before or do not
understand how to use it well.

Another issue to consider is that initially, students were fearful of developing the
projects because they did not easily connect the theory seen in class with its appli-
cation in the specific projects. However, throughout the project’s development, stu-
dents applied theoretical concepts and gained confidence that they could learn the
course concepts. Furthermore, some groups proposed additional project parameters
(such as user interface and real-time recording) in addition to those asked by the
instructors because they believed they could improve the project.

Other researchers at a university in Taiwan found that PBL improved the
self-efficacy of 45 engineering students [22] in a manner similar to that of our stu-
dents, who acquired confidence in their ability to learn course concepts and pro-
posed alternative project parameters. In addition, the students elaborated on their
projects beyond what was initially required by their instructors by adding details,
creating new meanings or interpretations, and refining their ideas through appli-
cation. PBL has a positive effect on students’ confidence in their ability to learn in
a particular course, while also increasing their career aspirations [23]. It is particu-
larly important to have at least one course in which PBL is implemented during the
first four semesters of the degree because it positively affects the perception of stu-
dents that they can obtain and hone career skills, increases their career aspirations,
and helps students realize the importance of basic sciences and engineering courses
for their careers.
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In addition, the projects improved the motivation of the students and their
involvement in the course. At the end of the course, we informally asked the stu-
dents what they remembered the most from the course, and most mentioned the
projects because they felt that they “were being engineers” when solving the prob-
lems. One reason PBL increases student motivation is that it puts them to work on
real-life problems and enables them to observe the impacts of their actions on sound
processing [24]. Similarly, other authors found that PBL promotes learning motiva-
tion among engineering students [22, 25, 26].

However, we first observed resistance to the teaching method among students
who were accustomed to lectures. In addition, some students had conflicts work-
ing in groups and difficulties communicating with team members and managing
“hijackers” of group work. This was also mentioned by other authors who have used
this strategy [27-29].

The following strategy was implemented to reduce the likelihood of students
dividing up projects throughout the semester. Groups were freely formed for the
first project, but for the second and third projects, students were not permitted to
work with students from their previous groups, and for the fourth project, students
could freely choose their groupmates. One of the outcomes of implementing this
strategy was that, in most cases, the group compositions from the first project did not
coincide with those for the fourth project, despite the fact that students freely chose
their groupmates in both cases. This is primarily due to the students’ ability to meet
people with whom they could work and find effective matches for them. They were
also more likely to form fellowship relationships with members of the fourth group
than members of other groups.

Teachers may be required to form groups that include both academically strong
students and students who require additional support. This enables students to
understand each other and, thus, creates positive interdependence between them
[30]. The dissolution of the groups helped students get to know each other and
served as an implicit admonition for those who did not work because they were not
chosen for the new teams. The professor monitors the performance of the teams on
a regular basis to answer academic questions and help team members get to know
each other and evaluate each member’s individual performance. Researchers have
proposed various strategies for monitoring the individual performance of students
on a team [30, 31].

From the instructor’s point of view, the implementation of the methodology
improves students’ understandings of course concepts and procedures and their
ability to utilize and apply their knowledge and encourages them to participate
in class and ask complex questions. This is achieved because the following steps
were followed in each project: (1) Each student must review the theoretical contents
before class and, if necessary, review the MATLAB manual, (2) the objective of the
project and its relationship with theoretical concepts are presented, (3) doubts about
the program and tools that can be used are resolved (a student monitor supports stu-
dents with the language and syntax used in MATLAB), and (4) the instructor answers
students’ questions.

Each project must be carefully planned. Therefore, the instructor must have time
to define the project, create materials, and review and evaluate completed projects.
It would be preferable to have a bank of projects that change from time to time so
that students do not rely on the solutions from their senior classmates in the pro-
gram. Similar considerations in the implementation of the PBL have been raised by
other researchers [32].
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6  CONCLUSIONS

The results of this study support the conclusion that project-based teaching is
more effective than lectures in teaching signals and systems concepts. On the one
hand, the normalized gain in knowledge and skills obtained by UNICAMP stu-
dents (as measured on the SSCI) was greater than that obtained by the students in
lecture-based courses at other universities. On the other hand, comparing the final
exam grades for the PUJ Signals and Systems course taught by the same professor
before and after the implementation of PBL techniques shows that, on average,
the students who took the course with PBL obtained higher grades than students
who took the course when the PBL techniques had not yet been implemented.
These results are consistent for the two universities that participated in this study
and with the results of the study by Buck and Wage [21] involving 20 courses at uni-
versities in the United States.

However, this study has some limitations. The first is the small number of partici-
pants at both universities: 19 at UNICAMP and 19 and 26 at PU]J. This limitation could
lead to difficulties in generalizing the results. The second limitation is that we did not
apply the same measurement instrument at UNICAMP and PU]J, which makes the
results of the two universities not comparable. However, the final exam taken by PUJ
students was designed by a professor with knowledge of the SSCI and the subject so
that he could comprehensively measure students understanding of the fundamental
concepts and skills pertaining to the subject of signals and systems. The third limita-
tion is that a student’s performance on a test can be explained by the student’s prior
knowledge, the student’s motivation for the larger discipline, the student’s learning
habits, and the intervention itself. Given that this intervention cannot be random-
ized, the results of this study might be affected by the factors mentioned before.

Other practical implications of this study include the importance of institutional
support for the implementation of PBL, such as giving faculty time to design, imple-
ment, and assess PBL with the assistance of instructional designers so that factors
such as group size, group dynamics, student needs, and information technology sup-
port can be considered. In addition, the implementation of PBL in a course may be
supported by curricular considerations regarding the implementation of the teach-
ing method at different levels and the collaboration of faculty members from differ-
ent courses within the program.

Finally, future research on the impact of the implementation of active teaching
methods could benefit from the adoption of measures such as normalized gain to
assess the impact of instruction to support decision-making about teaching meth-
ods. Hake [18] advocated using normalized gains because the measure differenti-
ated between teaching methods and allowed for a consistent analysis over diverse
student populations. International comparisons can lead to disciplinary consensus
and reflection on the most effective teaching methods.
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ABSTRACT

Digital literacy has emerged as a core competency in the 21st century society, and deep learn-
ing and higher-order thinking have been discussed as effective ways to improve digital lit-
eracy. Therefore, this study aimed to verify the influence of deep learning and higher-order
thinking skills on higher education students’ digital literacy. Structural Equation Modeling
was used to analyze the data gathered from 687 undergraduate and higher vocational stu-
dents using a convenient sampling technique. The findings indicate that deep motivation
and deep strategy were significantly positively correlated with students’ digital literacy. In
such a structural relationship, digital literacy was additionally moderated by higher-order
thinking. Nevertheless, students who have customarily used digital devices for more than five
years could not be explained by this structural equation model. Lastly, this conclusion high-
lighted that educators should consider students’ digital experiences level, guide in selecting
and applying deep learning, develop higher-order thinking, and improve their digital literacy.

KEYWORDS
digital literacy, deep learning, deep motivation, deep strategy, higher-order thinking

1  INTRODUCTION

Although education and technology have always been intertwined, as new digital
technologies emerge, the education industry has recently encountered new oppor-
tunities and challenges. With the COVID-19 pandemic leading to mandatory online
classes, teachers and students alike recognize the importance of digital literacy for
effective online class participation [1], [2]. Therefore, higher education faces a sig-
nificant challenge in developing students’ digital literacy and meeting the needs of
digital social development. Moreover, as digital natives, 75% of young people world-
wide use digital information and only 63% in Asia-Pacific [3], so the level of digital
literacy among students may vary and should be considered.
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Previous works of literature in the field of digital literacy have concentrated on
the framework of digital literacy [4], [5], [6], the relationship between online learn-
ing and digital literacy [7], [8] [9], and how to improve digital literacy [10], [11], [12],
[13]. More specifically, when increasing digital literacy, students also need to develop
learning approaches [8], [14], motivation [15], [16], and critical thinking [17], [18].

In addition to improving digital literacy, fostering higher-order thinking among
students of all academic levels was considered an important educational task
[19], [20]. Higher-order thinking was described as critical thinking, creativity, col-
laboration, and communication (4C) [21], whereas digital literacy was character-
ized as operation skills and thinking skills [5]. Therefore, building higher-order
thinking-based critical thinking abilities is crucial for developing digital literacy to
classify information critically and create new knowledge [1], [22].

Moreover, a considerable number of studies found that deep learning was a
powerful way to achieve the growth of higher-order thinking skills [23], [24]. For
example, Nelson Laird et al. [23] selected three sub-scales from the National Student
Engagement Survey (NSSE): reflectionlearning, integrated learning, and higher-order
learning, and discovered that these three dimensions were consistent with the behav-
ior of deep learning approaches. Nevertheless, the precise connection between deep
motivation, deep strategies, and higher-order thinking remains unclear.

Previous literature has paid insufficient attention to the interrelationships
between deep learning, higher-order thinking, and digital literacy although some
researchers have explored the intersection of deep learning and digital literacy [8],
[14] [25], deep learning and higher-order thinking [24], [26], [27], and higher-order
thinking and digital literacy [1], [22], [28]. Few studies have considered the inter-
section of all three fields. Moreover, deep motivation and deep strategy are often
studied as a whole, and whether the relationship between the two in higher-order
thinking and digital literacy is consistent remains to be further studied.

This study aims to understand better the intersection between deep motivation,
deep strategy, higher-order thinking, and digital literacy, which will help designers
of higher education institutions, policymakers, and government agencies provide
important insights to develop effective strategies to cultivate students’ higher order
thinking skills and digital literacy. Therefore, the following research questions served
as the framework for this study:

1. Do students’ deep motivation and deep strategy influence their digital literacy?
2. Does higher-order thinking play a mediating role in the influence of digi-
tal literacy?

2  LITERATURE REVIEW
2.1 Digital literacy

With the development of technology, literacy is also constantly developing, such
as Internet literacy, media literacy, information literacy, ICT literacy, and digital lit-
eracy. Nevertheless, the term “digital literacy” was initially introduced by Gilster [5],
who emphasized that individuals must be not only able to acquire information but
also be able to evaluate and interpret it.

In exploring the framework of digital literacy, some scholars have argued that
digital literacy comprises not only the skills and competencies required for Internet
literacy, but also other components. For example, digital literacy covers a broad
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variety of complicated cognitive, physical, sociological, and emotional abilities that
users require in a digital context. It goes beyond simply knowing how to utilize soft-
ware or handle digital devices [4]. In addition, Ng [29] argued that digital literacy
comprises three overlapping dimensions: technology, cognition, and social emotion.

In order to adjust to the evolution of education in the digital era and realize the
sustainable and fair development of digital education, international organizations
and various countries have taken a series of actions. For example, the European
Union (EU) released the digital competency framework from 2013 [30] to 2022 ver-
sion [2]. The 2022 framework divides digital competencies into five categories: infor-
mation and data literacy, communication and collaboration, innovation, safety, and
problem-solving.

2.2 Deep learning

Marton and S&ljo [31] found that there are two main types of student engagement
in the learning process: deep learning and surface learning. More specifically, deep
learning is characterized by understanding and processing information, participat-
ing in high-quality activities, combining old and new knowledge, processing tasks,
and solving problems. In contrast, surface learning is more likely to participate in
low-level cognitive tasks and is less likely to create complicated associations between
knowledge from books and real-world experiences.

Furthermore, Biggs [32] outlined three important learning approaches: deep, sur-
face, and achieving, and pointed out the motivations and strategies involved in each
learning approach. Deep motivation is the term for an individual’s innate interest
in the knowledge and abilities acquired in a particular field. In contrast, the deep
strategy involves active and extensive reading, connecting with prior knowledge,
and seeking to comprehend the underlying concepts and principles.

Previous studies have mostly concentrated on the association between deep learn-
ing and academic achievement [32], [33], [34]. However, more recent work exam-
ining deep learning has concentrated on the following: comparing deep learning
with machine learning [35], examining the relationship between deep learning and
higher-order thinking [26], [27], problem-solving [36], and digital literacy [8], [14].

2.3 Higher-order thinking

Higher-order thinking canbe traced back to Bloom’s [37] Taxonomy of the Cognitive
Domain, which classified cognitive goals from lower-order to higher-order, includ-
ing knowledge, comprehension, application, analysis, synthesis, and evaluation.
Then, Anderson and Krathwohl [38] modified Bloom’s Taxonomy and made sev-
eral improvements: remembering, understanding, applying, analyzing, evaluating,
and creating.

Studies on higher-order thinking are depicted differently. For example, Lewis and
Smith [19] pointed out that higher-order thinking skills are the process by which a
person associates new knowledge with information retained in memory and reor-
ganizes it to achieve a specific goal or find possible responses to a difficult scenario.
According to the classification of educational objectives as analysis, synthesis, assess-
ment, and creativity, higher-order thinking refers to the mental activity or cognitive
abilities formed at a higher cognitive level [39]. On the other hand, Yang and Zhao
[20] classified remembering as lower-order thinking and understanding, applying,
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analyzing, evaluating, and creating as higher-order thinking according to Bloom’s
classification of educational goals.

Moreover, there are several methods and strategies for developing higher-order
thinking in the classroom [17], [40]. For example, Reece [17] put forward that
teaching should provide the following three stages to support the improvement of
higher-order thinking: the first stage was the acquisition of skills; the next step was
to incorporate the newly acquired knowledge and abilities into one’s way of think-
ing; the third stage was to apply the combined skills to new situations. Moreover,
Limbach and Waugh [40] offered a five-step strategy for fostering higher-order
thinking, which included determining learning goals, teaching through inquiry,
practicing prior to assessment, reviewing and improving, and providing feedback
and learning evaluation. These five processes provided an easy way for educators to
increase students’ higher-order thinking skills.

2.4 The relationship among variables

Based on previous research, deep learning and information literacy are signifi-
cantly positively correlated, and students’ information literacy levels increase as they
utilize deep learning more frequently [14]. However, students’ performance largely
depends on their level of motivation and how well they apply the appropriate learn-
ing strategies in the right situations [41], [42]. Moreover, Heinstrom [8] analyzed
three information-seeking modes; fast surfing, broad scanning, and deep diving, and
found that the deep strategy can motivate students to deep diving, achieving goals
and leading to good results. In light of this, it is reasonable to assume that:

H1: Students’ deep motivation contributes positively to their digital literacy.
H2: Students’ deep strategies contribute positively to their digital literacy.

Based on the existing literature, it is evident that higher-order thinking and digital
literacy are interrelated and have a reciprocal relationship [1], [22]. More specifically,
digital literacy can enhance students’ critical thinking and, eventually, learning based
on higher-order thinking skills. Contrarily, critical thinking skills can increase students’
digital literacy. Novitasari et al. [22] emphasized that higher-order thinking is impor-
tant in building digital literacy. Consequently, it is reasonable to assume the following:

H3: Students’ higher-order thinking contributes positively to their digital literacy.

Deep learning is a pedagogical approach that emphasizes using higher-order
thinking skills to promote learners’ acquisition of knowledge and skills [24], [26]. For
example, Lee and Choi [26] surveyed 487 undergraduate students from seven South
Korean universities and, using a structural equation model, concluded that promot-
ing motivation and strategies can facilitate higher-order thinking in the background
of a technologically advanced learning environment. Similarly, Wang and Cui [27]
conducted a survey on 515 students of different majors and grades from six uni-
versities in northeast, north, east, south, and central China. The results showed that
deep strategies significantly affect higher-order thinking skills. Hence, it is plausible
to assume the following:

H4: Students’ deep motivation contributes positively to their higher-order thinking.
HS5: Students’ deep strategies contribute positively to their higher-order thinking.
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This research aimed to investigate the impact of deep motivation and deep
strategies on students’ digital literacy, with higher-order thinking serving as the
mediating variable. Deep motivation is an individual’s intrinsic interest in acquir-
ing knowledge and skills within a particular domain. In contrast, deep strategies
are defined as the selection of appropriate techniques and methods to design,
train, and optimize learning. Higher-order thinking refers to the cognitive pro-
cesses that involve complex mental skills such as analysis, synthesis, evaluation,
and creativity to understand and solve problems. Digital literacy is characterized
as encompassing not only technologies that use digital devices, but also cogni-
tive, social, and emotional abilities. Figure 1 provides an illustration of the pro-
posed model.

Fig. 1. Research model

Notes: DM, Deep motivation; DS, Deep strategy; HOT, higher-order thinking; DL, Digital literacy.

3  METHODOLOGY
3.1 Participants

The research survey was conducted during the first semester of the academic
year 2022. The participants came from two different kinds of Chinese institutions:
a regular university and a higher vocational college. Higher vocational colleges,
encompassing vocational colleges, technical colleges, and higher vocational schools,
refer to higher education institutions that primarily provide vocational and tech-
nical training to equip students with specialized skills and practical knowledge
required to excel in specific trades or professions [43]. In contrast, regular univer-
sities prioritize theoretical knowledge and intellectual abilities to prepare students
for successful careers. Because the first author and her colleagues are affiliated with
these two institutions, the students were specifically chosen for the survey to facil-
itate the sampling process. Additionally, the study obtained ethical approval from
both institutional review boards, and the researchers adhered to ethical principles
while conducting research with human subjects.

The data collection process for this study was conducted during the Covid-19
pandemic lockdown period, when all educational institutions in China were closed.
To overcome this challenge, an online survey was utilized to gather data, with
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voluntary participation. The survey was conducted in the following steps: Firstly,
the researchers sought and obtained approval from multiple teachers for the study.
Secondly, the teachers informed the students about the survey's purpose, duration,
and nature of the information that would be collected. They also explained how
the data would be collected, stored, and accessed, ensuring that no personal infor-
mation would be disclosed in the survey. Lastly, the participants were directed to
complete the survey on Questionnaire Star, a widely used platform for conducting
online surveys.

During the study, the survey was available for a duration of two weeks, during
which a total of 734 surveys were collected. To ensure the overall quality of the sam-
ple, the study followed two criteria. Firstly, surveys that were completed too quickly
(in under five minutes) were considered invalid and consequently removed from
the analysis. Secondly, the study excluded surveys from participants who exhibited
straight-lining behavior, which refers to answering the questions in the same man-
ner for most or all of the survey questions. Following the elimination of invalid sur-
veys, the study retained 687 valid surveys, resulting in an effective response rate of
93.6%. These procedures were implemented to maintain the study's standards of
rigor and ensure the reliability and validity of the collected data.

The majority of participants in the study were born after the 1990s, thus ful-
filling Prensky’s [44] criteria for being digital natives, defined as individuals born
after the widespread adoption of digital technology. In terms of the student demo-
graphic information, there were 404 (58.8%) male students and 283 (41.2%) female
students. In total, 349 of them (50.8%) came from an ordinary university, and 338
(49.2%) came from a higher vocational college. In the category of the academic year,
173 of them (25.2%) were freshmen, 272 (39.6%) were sophomores, 130 (26%) were
juniors, and 112 (24%) were seniors.

As far as digital devices are concerned, 0% have none, 28.2% have 1 digital device,
36.8% have 2 devices, 21.6% have 3 devices, and 13.4% have 3 or more devices.
Daily time spent on digital devices, 17 (2.5%) of less than 1 hour, 101 (14.7%) of 1-3
hours, 255 (37.1%) of 3—-6 hours, and 314 (45.7%) of more than 6 hours. In terms of
digital devices usage period, 373 people (54.3%) have used digital devices for less
than 5 years, and 314 people (45.7%) have used them for more than 5 years. It is
worth noting that according to the ITU [3], approximately 75% of individuals aged
10 and above own a mobile phone, and the digital device usage period refers to the
duration between the initial and current usage of a digital device.

3.2 Measures

Digital literacy. Ng [29] developed the scale to explore undergraduate students’
digital literacy. The original scale had 17 items with a Likert scale with a range of 1
(strongly disagree) to 5 (strongly agree). These items were divided into 4 categories:
attitudes towards ICT for learning (DLA 7 items), technical (DLT 6 items), cognitive
(DLC 2 items), and social-emotional (DLS 2 items). According to the result of fac-
tor analysis, 5 items from two dimensions were retained. The technical dimension
included 3 items: DLT11 (knowledge of various technologies), DLT12 (ability to use
ICT for learning and create artifacts that demonstrate comprehension), and DL.T13
(proficiency in using ICT). The cognitive dimension included 2 items: DLC14 (con-
fidence in evaluating online material) and DLC15 (awareness of web-based issues
such as cyber safety, search problems, and plagiarism).
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Deep learning. The Study Processes Questionnaire (SPQ) developed by Biggs
et al. [45] was used to measure students’ learning approaches. Moreover, the survey
is split into two parts: deep learning and surface learning, each of which includes
motivation and strategy. On a Likert scale with a maximum score of 5, deep moti-
vation (DM 5 items) and deep strategy (DS 5 items) were adopted (such as “I believe
that once I get into a topic, it may be really exciting to me”; “I find that studying
academic issues may be just as interesting as reading a good book or seeing a good
movie”; “I put myself to the test on crucial issues until I totally comprehend them”).
Given that their factor loading was less than 0.5, item numbers DM4, DM5, and DS5
were eliminated from the items.

Higher-order thinking. Yang and Zhao [20], based on Bloom’s [37] educational
objective classification theory, made a comprehensive analysis of the concept, com-
position, and evaluation framework of college students’ higher-order thinking skills.
Combined with the actual situation of Chinese college students, 5 levels and 17 skills
were adopted, including understanding (HOTU 7 items), applying (HOTAP 2 items),
analyzing (HOTAN 3 items), evaluating (HOTE 2 items), and creating (HOTC 3 items).
On the basis of the results of the factor analysis, three items of the analysis dimen-
sion and evaluating dimension are retained: HOTAN11 (I can distinguish relevant/
important from irrelevant/unimportant information), HOTAN12 (I can draw system-
atic and internally consistent links between the information offered), and HOTE13
(I can evaluate and select solutions).

3.3 Procedures

The research consisted of three phases, with the preliminary phase focused on
a pilot study aimed at improving the survey’s quality. During the pilot survey, both
reliability analysis and exploratory factor analysis were conducted. Items with poor
internal consistency, as determined by a Corrected Item-Total Correlation (CITC)
value less than 0.4, or a significant change in Cronbach’s Alpha if Item Deleted (CAID)
after item deletion, were removed. Additionally, items with factor loadings below
0.5 were eliminated. This process resulted in a refined set of scales with acceptable
reliability and structural validity suitable for use in formal research.

In the second stage, the official survey was distributed through the online plat-
form. The teacher of participants distributed a survey online link before class and
informed the purpose of the survey. Moreover, the descriptive statistics, reliability,
and correlation analyses were carried out using the SPSS 26 program. In addition,
the structural equation model (SEM) was employed using Amos 26 program to ana-
lyze the direct and indirect interactions between variables.

Lastly, multi-group structural equation modeling was employed to test the research
model’s applicability to diverse groups. Specifically, the AMOS 26 program was used,
offering six different models for conducting multi-group analysis. As Byrne [46]
described, these models include the Unconstrained Model, Measurement Weights
Model, Structural Weights Model, Structural Covariances Model, Structural Residuals
Model, and Measurement Residuals Model. The Unconstrained Model allows for all
parameters to vary among different groups. In contrast, the Measurement Weights
Model requires the measurement weights parameters in the measurement model to
be equivalent across groups. The Structural Weights Model restricts the equality of
both the measurement weights and structural weights parameters across groups in
both the measurement and structural models. Moreover, the latter models constrain
the parameters of the former models. This study focused on examining differences
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in the path coefficients among different groups of students’ digital device usage
periods. Therefore, the Unconstrained Model, Measurement Weights Model, and
Structural Weights Model were the models analyzed.

4  RESULTS
4.1 Reliability and validity

Firstly, internal consistency, convergent validity, and discriminant validity were
utilized to assess the reliability and validity of the constructs in the measurement
model. As a result, the construct reliability (CR) values varied from .746 to .913, and
Cronbach’s alpha coefficients were all higher than 0.7, showing acceptable levels
of internal consistency for all variables. Moreover, except for deep motivation, the
average variance extracted (AVE) values (from .618 to .770) were within an accept-
able range. However, Fornell and Larcker [47] asserted that even if AVE is less than
0.5 but CR is greater than 0.6, a construct’s convergent validity might still be con-
sidered suitable. Therefore, deep motivation’s AVE value (.496) and CR value (.746)
were also suitable (See Table 1).

Table 1. Measurement of constructs

Variables Items Loadings Cronbach’s Alpha CR AVE
Deep motivation | DM1 730 747 746 496
DM2 730
DM3 .650
Deep strategy DS1 .860 360 .865 618
DS2 850
DS3 720
DS4 700
Higher-order HOTAN11 890 909 909 770
thinking HOTAN12 910
HOTE13 830
Digital literacy DLT11 780 912 913 677
DLT12 830
DLT13 .860
DLC14 .800
DLC15 .840

Moreover, discriminant validity was examined to ensure that all of the variables
(deep motivation, deep strategy, higher-order thinking, and digital literacy) were
distinct from one another. The square root of each variable’s AVE value should
be bigger than all of the correlation values of the variable [47]. Hence, the square
root of AVE values for each variable was shown in Table 2, which were larger than
the other correlation coefficients between the variables. Therefore, Tables 1 and 2
demonstrate the structure has high reliability and validity.
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Table 2. Discriminant validity

Variables DM DS HOT DL
DM 704
DS 510 786
HOT 350 350 877
DL 420 420 640 823

4.2 Correlation analysis

Table 3 displayed all the research variables’ Means, Standard Deviations (SD),
Skewness, Kurtosis, and Correlation coefficients. The mean values varied from
2.676 to 3.651, with SD ranging from .734 to 1.103. In addition, the normality of the
variables was examined using Skewness and Kurtosis. As a multivariate normal
distribution, all variables met Skewness < 2 and Kurtosis < 7 [48]. Consequently,
the variables were considered appropriate for structural equation modeling (SEM)
analysis. Moreover, according to the correlation analysis results, there was a sig-
nificant relationship between all the research variables below the significance
level of .001.

Table 3. Correlation analysis and descriptive statistics (N = 678)

Variables DM DS HOT DL
DS A3
HOT 3047+ 313%H*
DL 353%* 377 589
Mean 2.704 2.676 3.651 3.450
SD 918 1.103 806 734
Skewness 264 146 025 072
Kurtosis -097 —.746 -292 321

Note: ***p <.001.

4.3 Hypothesis analysis

Theresults revealed a good structural model fit with y?/df=2.35, CF1=.98, GF1=.96,
TLI = .98, and RMSEA = .04. As a result, the proposed model suited the empirical
data well. Furthermore, Table 4 showed that the five proposed relationships and the
structural model were significant in the predicted direction. As a result, all of the
suggested hypotheses were accepted.

According to the research results (See Figure 2), deep motivation (8=.160, p <.001)
and deep strategy (f=.150, p <.001) both had a direct effect on digital literacy. Thus,
hypotheses 1 and 2 were accepted. In addition, higher-order thinking significantly
influenced digital literacy (8= .530, p <.001), demonstrating that hypothesis 3 was
also accepted. Hypotheses 4 and 5 were prepared to distinguish the direct effect of
deep motivation and deep strategy on higher-order thinking. The results showed
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that both deep motivation and deep strategy support the improvement of higher-
order thinking, and that deep motivation’s influence (8 =.240, p <.001) was stron-
ger than deep strategy’s (8 = .220, p < .001). Therefore, hypotheses 4 and 5 were
also approved.

A bootstrapping method (2000 samples) was used for mediation analysis, bias-
corrected confidence estimates, and 95% confidence intervals for indirect effects to
examine the influence of deep motivation and deep strategy on digital literacy. As
shown in Table 5, higher-order thinking was mediated between deep motivation
and digital literacy. The indirect effect value was .110 (SE =.030, Bias-corrected 95%
CI =[.060, .170]) and the confidence interval did not contain 0, and p <.001. Higher-
order thinking was mediated between deep strategy and digital literacy. The indirect
effect value was .080 (SE =.020, Bias-corrected 95% CI = [.040, .120]) and the confi-
dence interval did not contain 0, and p <.001.

Fig. 2. Path diagram and standardized estimate

Table 4. Results of the hypothesis test

Hypotheses Path B B S.E. C.R. P Testing Result
H4 DM — HOT 240 210 050 4380 | <001 | Support
H5 DS — HOT 220 150 030 4380 | <.001 | Support
H1 DM — DL 160 140 040 3420 | <001 | Support
H2 DS — DL 150 .100 030 3.610 | <.001 | Support
H3 HOT — DL 530 510 040 13500 | <.001 | Support
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Table 5. Mediating effects of bootstrapping

Product of Bootstrap 2000 Times 95% CI
Point Estimate Coefficients Bias-Corrected
SE Z-Value Lower Upper P
DM — HOT — DL 110 030 3.667 .060 170 <.001
DS — HOT — DL .080 020 4.000 040 120 <001

4.4 Multi-group comparison analysis

This study applied a multi-group analysis to compare the path coefficients of the
students’ digital devices usage period. The samples were divided into groups of less
than five years and more than five years, and the two groups’ structural equation
models were constructed. Table 6 provides the fit indices for the Unconstrained
Model, Measurement Weights Model, and Structural Weights Model. It is evident
that all of the indicators satisfied the model fitness requirements. The comparison
of the fit indices between the Measurement Weights Model and Structural Weights
Model showed that it was lower than .050, indicating a significant difference in the
path coefficients between the two models (Ax* = 13.210, and Ap =.020).

Table 6. Fit indices of the multi-group analysis model by digital devices usage period

Model 1 x*df P TLI CFI RMSEA
Unconstrained 301.760 1.800 .000 970 980 030
Measurement Weights 310.400 1.730 .000 970 980 .030
Structural Weights 323.600 1.760 .000 970 980 030

As shown in Table 7, the five path coefficients of the two multi-group models
were compared. The critical ratios for differences determined the specific differ-
ences between the parameters. If the critical ratio for the two corresponding paths
is above 1.96, the parameter difference is significant [46]. The two path coefficients
were significantly different (from deep strategy to higher-order thinking).

Table 7. Critical ratio value of parameter difference in digital devices usage period

Path al a2 a3 ad a5
b1 1.710
b2 -2.740
b3 850
b4 470
b5 1.150

Notes: a =less than 5 years; b = more than 5 years; al and b1: DM — HOT; a2 and b2: DS — HOT; a3 and
b3: HOT — DL; a4 and b4: DM — DL; a5 and b5: DS — DL.

Further analysis was conducted on the significantly different path coefficients, and
the results were given in Table 8. In the group of ‘less than five years’, the standardized
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path coefficient of deep strategy to higher-order thinking is .340, and p < .001,
while in the group of ‘more than five years’, the standardized path coefficient is
.060, and p =.380. Therefore, higher education students with less than five years of
digital device usage can better improve higher-order thinking with deep strategies.
However, the finding also revealed that deep strategies are not a predictor of higher-
order thinking for students with more than five years of digital device usage.

Table 8. Standardized coefficient of path

Digital Devices B

Path Usage Period S.E. CR. P
less than 5 years .340 240 .050 <001
DS — HOT
more than 5 years .060 040 .050 .380

5  DISCUSSION

This study examined the interrelatedness of deep motivation, deep strategies,
higher-order thinking, and digital literacy in higher education students. Structural
equation modeling was utilized to analyze the proposed model, and the results indi-
cated that the degree to which students exhibit deep motivation and employ deep
strategies were both significant predictors of higher-order thinking and digital lit-
eracy. As such, all proposed paths in the model were found to be confirmed. These
findings may have important implications for educational practice, as they suggest
that fostering deep motivation and deep learning strategies may effectively promote
digital literacy and higher-order thinking in higher education students.

The first conclusion is that deep learning should be promoted since it signifi-
cantly fosters digital literacy. As Heinstrom [8] mentioned, deep motivation and deep
strategies affect information-seeking outcomes and the ability to judge critical infor-
mation. Moreover, online learners’ motivation and use of appropriate learning strat-
egies during the learning process can directly affect their success [15]. Therefore,
by encouraging the development of deep motivation and deep strategies, educators
may be able to support students' digital literacy development and enhance their
overall success in the online learning environment.

Higher-order thinking also contributed significantly to digital literacy, which was
the study’s second conclusion. While this finding is consistent with much of the exist-
ing literature [1], [22], some differing viewpoints exist. For example, some scholars
believe that digital literacy serves as the foundation for increasing higher-order think-
ing skills [28]. Nevertheless, we prefer the view that digital literacy and higher-order
thinking are mutually reinforcing [22]. Even though many higher education students
are already adept at using digital devices, it is still crucial to improve their digital lit-
eracy level, because digital literacy includes not only skills and cognition, but also
social emotions [29], while higher-order thinking is just a manner of thinking [21].
Moreover, students’ critical thinking and their ability to learn using higher-order
thinking skills can both be enhanced through digital literacy. Likewise, developing
students’ higher-order thinking skills can also increase their digital literacy levels
[22]. These findings highlight the importance of promoting higher-order thinking
and digital literacy in educational contexts, as these competencies are mutually ben-
eficial and can support students’ success inside and outside the classroom.

In addition, consistent with existing literature [26], the study discovered an
indication of a strong positive link between deep motivation, deep strategies, and
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higher-order thinking. However, several researchers have suggested that only deep
strategies promoted higher-order thinking, and that deep motivation did not affect
higher-order thinking [27], [49]. One possible explanation for this discrepancy is
that deep motivation represents an internal psychological construct that is not eas-
ily observable and may be influenced by external factors. Additionally, it is possible
that the participants’ motivation gradually decreased over time.

Another interesting finding suggested that the impact of deep motivation on dig-
ital literacy was higher than that of deep strategies on digital literacy. Furthermore,
the impact of deep motivation on higher-order thinking was also greater than that
of deep strategies on higher-order thinking, suggesting that motivation plays a vital
role in the learning process and can facilitate the development of more effective
academic performance [33].

Lastly, through multi-group comparison analysis, the study also concluded that
deep strategies had a positive impact on higher-order thinking among students
with less than five years of digital experience, but had no effect on promoting
higher-order thinking among students with more than five years of digital experi-
ence. This phenomenon may be due to the fact that when faced with the vast amount
of information available in the digital world, learners tend to rely on customary and
superficial learning strategies. This can be seen as a disadvantage of fragmented
surface learning in an era of big Internet data [50]. Therefore, it is necessary not
only to discuss the advantages of deep learning and higher-order thinking but also
to consider the challenges that learners face in engaging in deep learning.

6  CONCLUSION

The present study aimed to investigate the factors influencing higher education
students’ digital literacy. The results showed that deep motivation, deep strategy, and
higher-order thinking positively and significantly impact digital literacy. Based on
these results, the study has important educational implications.

The first educational implication of this study is related to the importance of
motivation in learning approaches. The study suggests that educators should set
reflective questions in the teaching process to stimulate students’ learning motiva-
tion. This is a specific factor that relates to a particular learning situation. By doing
so, students can actively construct digital knowledge systems, raise questions, and
enhance their problem-solving skills. As digital citizens with digital consciousness,
learners need to be able to develop and apply deep strategies. Teachers can provide
teaching intervention and a learning environment that fosters deep learning. For
instance, situational, task-driven, and problem-based teaching methods can be used
to implement learning activities. Independent inquiry learning, collaborative group
learning, and problem-solving activities can also be introduced to help students use
complex strategies to complete learning tasks and increase their digital literacy level.

Secondly, to enhance students’ digital literacy, developing their higher-order
thinking skills is important, which can help them effectively navigate the challenges
of learning in a digital and information-rich environment. To achieve this, a system-
atic teaching approach is necessary to incorporate the development of high-level
thinking into specific teaching designs. For instance, the five-step teaching method
proposed by Limbach and Waugh [40] provides a useful framework for teachers
to improve students’ high-level thinking skills. This approach involves determining
learning objectives, teaching through questioning, providing opportunities for prac-
tice before assessment, reviewing and refining learning, and providing feedback
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and assessment of learning. By actively engaging in this process, students can reflect
on the meaning of what they are learning, and develop critical digital literacy com-
petencies for exploring and classifying digital information.

The third important implication of this study is the need for educators to assess
students’ prior digital experiences and adapt their teaching strategies accordingly.
As modern educational environments are not easily reformed, it is essential for edu-
cators to improve the digital literacy of a considerable number of students. In the
classroom, teachers should employ pedagogical approaches that encourage students
to reflect on their routine digital practices and engage in learning experiences that
expand their external digital experiences. Additionally, policymakers should con-
sider the importance of supporting and supplementing realistic situations that pro-
mote the development of digital literacy in educational settings.

The current study has several limitations. First, the participants were chosen ran-
domly from two Chinese universities, making it impossible to extrapolate the findings
to other situations. Secondly, while this study used quantitative research methods to
analyze the data, measuring deep motivation using only a few items may not be
easy. Thus, it is recommended that future studies use qualitative techniques, such as
interviews or observations, to gain a deeper understanding of students’ motivation.
Lastly, this study only focused on the influence of the deep approach on digital liter-
acy, while the other two learning approaches were not considered. Therefore, future
research can involve more learning approaches and examine the critical factors of
digital literacy to improve higher education students’ digital literacy.
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ABSTRACT

The success of every educational activity hinges on the quality of the students’ learning expe-
riences. This survey-based study analysed engineering students’ perceptions of their learning
experiences in a future-fit classroom (FFC) compared with conventional classrooms. In this
study, structured interviews using online questionnaire, that were filled out by the students,
was employed as a tool. Descriptive statistics for mean, coefficient of variation (CV), as well
as linear correlation coefficient, were performed to evaluate the connection between their
responses using the KNIME analytical software. According to the study, the typical response
rate at which individuals responded to agree to questions regarding their educational expe-
rience in the FFC classroom is approximately 82 mean percentage score (MPS) with a CV of
0.196. Also, the mean response rate from the students who agreed that the University man-
agement should invest in FFCs is 86 MPS and 0.288 CV. Key insights from the further analysis
include the correlation of students’ responses to interpret the determining factors for their
responses. These results indicate that most of the students that participated in the study are
prepared to have more experiences in the FFCs for improved technology-enhanced learn-
ing and new pedagogy. Education policymakers should consider the use of communication
and information technology in university classrooms to enhance students’ engagement and
improve pedagogy, which can lead to improved academic performance.

KEYWORDS
innovative learning environment, future-fit classroom, engineering students’ perception,
communication technology, pedagogy

1  INTRODUCTION

Future-fit classroom (FFC) learning environments are being built all over the
world because of the growing impact of technology in higher education and the soci-
etal trend towards embracing intelligent systems [1]. Students today want more from
their universities and are more open to trying new teaching techniques, including
smart classroom equipment [2]. Trends in academia are following the same pattern.
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The use of technology in education has always impacted both the content and deliv-
ery of lessons, but recently technologies like artificial intelligence are reshaping how
we learn and discover new things. Therefore, technology in schools is evolving from
its traditional role as primarily a pedagogical instrument and a method of gaining
access to information for the achievement of big ideas [3], [4].

The term “future-fit classroom” refers to an innovative approach to teaching and
learning using technological tools that help students grow in their thinking, knowl-
edge, and literacy. In other words, an FFC is a traditional classroom that has been
upgraded to include advanced instructional technologies and educational resources.
In this setting, students can engage in formal education in ways that go beyond what
is achievable in conventional classrooms [5].

The contributions of this work include the validated results that showed that an
FFC offered a better teaching and learning experience for instructors and learners
as experimented with a class of engineering students who are enrolled in academic
programs at the University of Johannesburg, located in South Africa. The coefficient
of variation method and mean method were used for calculation and the correlation
of the responses was used to find the determining factors of the student’s responses.

The remaining sections of the paper are organised as described below: Section 2
provides a literature review, Section 3 outlines the methodology, Section 4 presents
the results, and Section 5 contains the discussions and conclusions.

2 LITERATURE REVIEW

The FFC has been shown to increase students’ enthusiasm to study, foster an atmo-
sphere of active learning, and boost overall academic achievement as argued by [6]-[9].
Furthermore, various studies, including [10], have observed that the educational set-
ting has an impact on how people behave, and this impact can lead to both immedi-
ate and long-term effects on academic performance and instructional effectiveness.
Therefore, researchers study how to implement FFCs since doing so will inherently
encourage students to be more active scholars. In the literature, “future-fit classrooms”
are used frequently as “smart classrooms” or “blended learning” [11], [12]. Although
an FFC can improve student learning, the extent of this effect is less certain.

Analysis of data from global research done to verify the dynamic model of edu-
cational efficacy by [13] showed that students’ evaluations are a viable and reliable
way to evaluate the model’s components using learning analytics. Learning analytics
involves the collection, analysis, and appropriate distribution of relevant data gener-
ated by students, which can be used to provide appropriate cognitive, administrative,
and other forms of support to enhance the learning experience [13]. KNIME, which
stands for Konstanz Information Miner, is open-source software and it is utilised to
analyse data [14]. The software can generate visual depictions of diverse types of
data, making it comprehensible for other users as well. KNIME has demonstrated its
adaptability and usefulness across various fields of knowledge [15].

In this study, we use a case study approach with objective sampling. The study’s
findings will be relevant to the emerging topic of “future-fit classrooms” or “future
learning environments”. The perceived contradiction between innovation theories
and practices in higher education and ICT sectors prompted the study. To that aim,
this research explores how students perceive their ideal learning settings in the
future, with a focus on how they aspire to the technology being integrated and their
desired learning experience.
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3  METHODOLOGY OF THE RESEARCH

In this section, we present the primary objectives and inquiries of the research,
along with the classroom feedback mechanism, information origins, individuals,
research method, and analytical approach.

The layout of the FFC at the University of Johannesburg where the lecture ses-
sions were held is depicted in Figure 1. This comprises a range of equipment such
as a touchscreen display, digital content projectors, collaborative tools between stu-
dents and teachers, automated evaluation and response systems, cameras for cap-
turing and archiving lectures, and a smart physical environment that uses sensors to
control the temperature, humidity, air quality, and sound in the room.

88000

Tablets/ebooks I I Students’ position in the class

High definition
cameras

PSS Sound Syst
Modarator/ l Smart Projection Systems I

Lecturer's Position

Fig. 1. Layout of the experimental future-fit classroom at the University of Johannesburg

3.1 The research goal and questions

The descriptive qualitative and quantitative methodology was used for this
study’s research design to present a comprehensive description of the research
study. This research strategy fits most well with explanatory and exploratory crit-
ical theories like constructivist learning theory [16]. The aim of this study, which
uses both qualitative and quantitative descriptive methods, is to provide a detailed
summary of the response of the students to an FFC. The individuals involved in
the research were first-year students enrolled in the Department of Electrical and
Electronic Engineering Science at the University of Johannesburg (U]) during the
academic year of 2022. They participated in the future-fit classroom learning in the
module called Project Communication 1B (PJCEEB1). Engineering students form a
good sample space for such a study as these as they have been constructively used
in previous pedagogy studies such as the studies presented in [17] for technical engi-
neering students, and [18]-[20] for degree engineering students.
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The subsequent research inquiries were established to provide answers to the
following research questions:

e What inspired the students to willingly participate in the future-fit classroom?

e What did the students appreciate about the future-fit classroom?

e Arethere any recommendations or remarks from the students that could enhance
the FFC for future use and deployment in the university and country at large?

e [s there a noticeable contrast in the students’ learning experience between the
conventional classroom and the FFC?

3.2 Data collection and sampling

The classes were held in hybrid mode; hence some students attended the class
in-person at the FFC while others attended virtually on Blackboard Collaborate
Ultra, which is the official Learning Management System used at UJ for teaching,
learning, and examination [21]. The total sample population who attended the FFC
hybrid classes was 60 registered students of the module. Fifteen students attended
the in-person class since that is the maximum capacity of the FFC, while forty-five
students joined the class online through the Blackboard learning management
system of UJ.

According to Alamri’s demonstration in [22], Slovin’s formula in equation (1) was
utilised to determine the smallest amount of representative sample size required in
the research:

N

T 1+ (Nxe?) W

n

The formula provided includes three variables: ‘n’ which represents the sam-
ple size, ‘N’ which represents the population, and ‘e’ which represents the accept-
able level of sampling error that is 10%. According to (1), the minimum number
of participants required for the in-person attendance group in this study is 13,
while the minimum number of participants needed for the virtual attendance
group is 31. The survey received responses from 14 in-person and 36 online stu-
dents, totaling 50 students that participated in the survey (83% of total responses
received).

The instrument employed in the form of a questionnaire was created using
Google Forms so that students could readily reply to the teaching methods con-
ducted by the course instructor during the FFC lecture sessions. The researchers
used both the previous literature and the questions generated by the project stud-
ies to obtain the questions they wanted to be answered in their assessment of stu-
dents’ experience at the FFCs. In addition to standard demographic questions, the
questionnaire explored respondents’ perceptions toward and interest in the FFC’s
pedagogical methods. It also consisted of multiple-choice questions scored on a
scale of five (“strongly agree” (5), “somewhat agree” (4), “neutral” (3), “somewhat
disagree” (2), and “strongly disagree” (1)). The participants were also asked some
open-ended questions.

Validity and reliability limitations were circumvented by asking specific and
unambiguous questions. Expert academics and lecturers in the field of engineering
education and technology reviewed the questionnaire for content validity [23]. The
research questions were evaluated based on reflectiveness to assess understanding,
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discrimination, or evaluation. This was to ensure that the questionnaires were clear
and did not include any terminology that would make the participants lose interest
in the survey.

3.3 Ethical considerations

The research was conducted following national and international research eth-
ical requirements such as autonomy, beneficence, non-maleficence, and justice,
including those presented in [24]. This study was conducted with informed and vol-
untary consent from all the students involved. Prospective participants were also
informed of the significance of their involvement and what would be done with
the information they submitted. Approval from the faculty’s ethics committee was
obtained before the research commenced.

3.4 Data and visualization

Analysis of the qualitative data was based on content analysis. Content analysis is
a known data analysis strategy that has progressed in interpreting textual data [25].
Students’ perspectives, acceptance, and the necessity for FFC were the three major
themes identified by the analysis of all the responses. The students’ feedback was
exported into a spreadsheet (MS Excel) from Google spreadsheet and saved using
the comma-separated-value (CSV) format for further analysis. The responses to the
Likert-scale questions were then converted from strings to numbers and the quanti-
tative data obtained from the study were analysed and presented using the KNIME
analytical software.

The numeric variables were analysed using descriptive statistics, specifically the
mean and standard deviation. Since the scoring system varies between 1 and 5, it is
important to recognize that each question’s number corresponds to a distinct level
of agreement. A low mean value for a question interprets that the students disagree,
whereas a higher mean value interprets that the students agree. The CV method as
used in [26] is used to weigh the responses to the questionnaires. The CV represents
the relationship between the standard deviation and the mean, expressed as illus-
trated in equation (2):

CV=S8D/m (2)

In equation (2), CV represents “coefficient of variation”, SD represents “stan-
dard deviation”, and m represents “mean”. It calculates the variation degree of
the responses index in the data by directly using the information contained in
each index, and it is an objective weighting method. If the responses from sample
A and sample B vary less, it implies that the data points are dispersed around the
mean value, which provides a simple data interpretation. The data that has a CV
score that exceeds 1 is regarded to require further analysis in order to draw a
conclusion.

The data preprocessing procedures executed on the KNIME workflows include
reading the input file, column filtering, and checking for missing data. An informa-
tion examination process comprises a pipeline of a node associated with edges that
transport either information or models. The workflows were executed, and students’
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response data visualization results were obtained. The designed KNIME workflow
is presented in Figure 2.

Column Filter Statistics Statistics
R -
CSV Reader o ® o]
r ] Column filter Statistics for the Statistics for the
.?.. for the in-person in-person attendees blackboard attendees
responses
e
Data input
of In-person
attendees responses
Concatenate Column Filter Linear Correlation
| 4 »>
> > i =<
».. L -
o] © ]
CSV Reader Concatenated responses Column filter Node 13
= from the in-person for the concatenated
E_. | and online attendees responses
®
Data input

of Blackboard
attendees responses

Fig. 2. KNIME software workflow with built-up nodes

4  RESULTS AND DISCUSSION

An evaluation of the student’s learning experience and level of satisfaction with
the FFC lecture section is presented in this section. The survey measures students’
concentration, engagement, perceived learning, motivation, and satisfaction. This
survey received 50 responses from the students — 14 responses from in-person
attendees and 36 responses from virtual attendees.

4.1 Analysis of Students’ satisfaction levels

After collecting the responses in numerical format, we proceed to determine the
mean value of the answers for each question. We employed the KNIME mathemat-
ical formula node to compute both the mean values and the correlation coefficient.
This section presents the statistics data for the responses from the two groups of
students that participated in the FFC session. The attendees who were physically
present provided answers to questions regarding the facilities that aid in learning
activities within the FFC. Both the in-person and virtual attendees’ feedback assessed
the extent to which the FFC facilitated learning activities. The maximum and min-
imum scores are 5 and 1, respectively. Low scores mean that the students did not
agree with the question while a high score means that the students agreed with the
question as explained in Section 3.2 of this paper.

Response to questions in Table 1 was targeted to the in-person attendees and
was analysed based on responses from the in-person attendees only. It presents the
quantitative analysis of responses of students to analyse the FFC physical environ-
ment and classroom facilities.
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Table 1. Quantitative analysis of in-person attendees’ responses

Questionnaires

“The future-fit class allowed the lecturer to ask each
of us if we understood what she was teaching and to
assist us if we had any questions.”

Min
3

Max

5

Mean

422

MPS (%)
85

Std. Deviation CvV

0.764

0.181

“The future-fit class provided an adequate balance of
theoretical and practical knowledge.”

4.143

83

0.535

0.13

“The future-fit classroom amenities (ventilation
and air quality, space and size of the classrooms,
soundproof wall, lighting, internet connection,
teaching facilities, and temperature control) met
your needs.”

4.572

92

0.852

0.187

“The future-fit classroom’s teaching environment
aided better learning and understanding of the
course content.”

4.286

86

0.612

0.143

“The room temperature of the future-fit classroom is
conducive for learning.”

4.786

96

0.426

0.089

“There are no unnecessary sounds in the future-fit
classroom.”

4858

98

0.364

0.075

“The lighting in the future-fit classroom is adequate
for teaching and learning.”

4.858

98

0.535

0.111

“I can hear the lecturer and other students (online and
In-person).”

414

83

1.196

0.289

“I can effectively collaborate with a classmate on class
tasks during a hybrid future-fit class.”

4.04

81

1.106

0.274

“In-person future-fit classes allow for real-time
formative assessment by the lecturer.”

4.643

93

0.745

0.161

“I have enough space in the future-fit class to place my
texthooks, tablets, PCs, and other materials.”

45

90

0.651

0.145

“The classroom layout is appropriate for my
learning styles.”

4643

93

0.634

0.137

“The blackboard and projector are in the ideal location
for teaching and learning in the future-fit class.”

4.358

88

0.842

0.194

“Tunderstand educational content easier and faster
when it is taught from a smart screen than just on a
projector screen.”

4143

83

0.865

0.209

“I can share my learning experiences easily
with others.”

414

83

0.809

0.196

“The future-fit classroom is roomy enough for all class
activities.”

4072

81

0.998

0.245

The finding in Table 1 was useful in evaluating the perception of students’ satis-
faction level in the physical FFC session. The analysis of responses on the facilities
provided in the physical FFC session is highly positive with an overall average MPS
of 88%. However, there is still a need for improvement as not all the students are
fully satisfied with the facilities provided by the FFC. Table 2 presents the quantita-
tive analysis of the total responses received in the survey from both in-person and
online participants of the FFC.
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Table 2. Quantitative analysis of all FFC hybrid class attendees’ responses

Questionnaires Min Max Mean MSP (%) Std. Deviation Ccv
“All lecture halls at UJ should have smart screens and boards, 1 5 4277 86 1.16 0.288
similar to the future-fit classrooms”
“Do you believe investing in the future-fit classroom by the 1 5 4.000 80 0.794 0.196
University management was worthwhile?”
“Do you believe the University offers you appropriate facilities for 1 3 3.532 71 0.764 0.22
optimal learning in a regular classroom setting?”
“How likely are you to recommend the future-fit classroom 1 3 4.360 87 1.174 0.27
session to your friends or colleagues based on your overall
experience in it?”
“How would you rate your entire academic experience with the 2 5 4.086 82 0.829 0.195
lecturer in the future-fit class?”
“I can hear the lecturer and other students (virtual and in-person)” 1 5 4107 83 0.612 0.143
“I can share my learning experiences easily with others” 2 5 4.107 83 1.018 0.245
“Introducing future-fit classrooms for all modules will effectively 1 5 4128 83 1.085 0.277
improve my academic performance”
“Introducing the future-fit classroom will effectively prepare me for 1 5 3.894 78 1.143 0.286
the job market”
“The future-fit class allowed the lecturer to ask each of us if we 2 5 3.915 79 1.196 0.289
understood what she was teaching and to assist us if we had any
questions”
“The future-fit class provided an adequate balance of theoretical 2 5 3490 70 0.809 0.196

and practical knowledge”

JEP | Vol. 13 No. 6 (2023)

As seen in Table 2, based on the response to the question, “Do you believe the
University offers you appropriate facilities for optimal learning in a regular class-
room setting?” the students agree that the university offers the appropriate facilities
considering the response with 71% MPS value and 0.22 CV. This low MPS could be
because there were more online than in-person participants in the survey who didn’t
have direct interaction with the FFC. However, in the case of recommending the FFC
based on their experience, their responses had an MPS value of 87% and a CV 0of 0.27,
which can be motivation for the authorities to deploy more FFC across the campus.
Considering the FFC’s rating on assisting the student’s academic experience, it was
observed that the MPS to the question is 82%, and the CV is 0.196. This might also be
the justification for the result of the question “Introducing future-fit classrooms for all
modules will effectively improve my academic performance,” where the MPS is 83%
and the CV is 0.277. Furthermore, to evaluate the level of student satisfaction based
on the response to the question, “All lecture halls at UJ should have smart screens
and boards, similar to the future-fit classrooms,” we observed the students’ responses
have an MPS of 86% and 0.288 CV. Hence, these are positive indications that the FFC
would offer more benefits to the students than the traditional classrooms even as the
university management addresses the shortcomings of the FFC.

4.2 Correlation of students’ response to the FFC

The purpose of this section is to explore the correlation between answers to ques-
tions treated as factors and determine how strong or weak they are. Also, this gives us
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an idea of how a response to one factor affects others. This will be achieved by apply-
ing alinear correlation between these results, and based on the results, we will be able
to determine the correlation between them. According to our research results, we will
classify values ranging from 0 to 0.29 as indicating weak positive relationships, val-
ues ranging from 0.3 to 0.69 as indicating moderate positive relationships, and values
ranging from 0.7 to 0.99 as indicating strong positive relationships. Firstly, it is import-
ant to comprehend that the correlation coefficient falls within the range of -1 to +1. A
value of +1 signifies an ideal positive correlation. A score of 0 indicates the absence of
any correlation, whereas a score of —1 signifies a completely inverse correlation.

The correlation value between “Were you part of the hybrid future-fit class teach-
ing and learning?” and “How would you rate your entire academic experience with
the lecturer in the future-fit class?” is 0.24. The weak correlation between students’
rating of the FFC and the mode of participation can be explained by the environmen-
tal variables namely the location, noise level, distractions, reliable internet and/or
computer, and inadequate interpersonal interactions as reported in their responses.

4.3 Analysis of open-ended responses

The qualitative data received from the survey was analysed and categorised into
four primary themes, namely inspiration, appreciation, displeasure, and feedback/
suggestions for the FFC on UJ campus. The results are summarised and presented
in Table 3.

Table 3. Analysis of motivations to participate in the FFC

Primary theme Question Secondary Theme Selected Students’ Responses
Inspiration “What inspired you to willingly participate in | The use of innovative “IT'was interested in technological
the future-fit class?” technological gadgets innovations”

“T'want to experience the futuristic
nature of learning”

Experience of a new “To see how the integrated
classroom setting classroom operates”
Appreciation “What do you appreciate best about the Study materials handling “Thave more space to put your study
future-fit classroom and explain why.” materials”
Class Interaction and students | “I was able to ask questions”
engagement . . :

58 “I appreciate the interactive
communication between virtual and
in-person students”

Displeasure “Mention one thing you disliked most about | Interruption of the network “The technical difficulty caused the waste
the future-fit classroom and explain why?” connection of some lesson time”
The small size of the class “There should be more space to
accommodate more students in
the in-person participation of the
FFC session”
Cost “It looks expensive.”
Feedback “Do you have any suggestions or comments | Improvement in smart devices | “Practical equipment can be installed to
comments and | to help improve the future-fit classroom and furniture aid the learning of practical subjects.”

suggestions experience for students?” .
&8 P “The capacity of the future-fit classroom

needs to be increased to accommodate
more students”
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4.4 Discussion

The results of this study address the research objective to analyse engineering
students’ perceptions of their learning experiences in a technologically enhanced
classroom (FFC) compared to conventional classrooms. The quantitative data was
evaluated thoroughly using the MPS, CV and linear correlation methods to identify
indicators for the different responses.

The findings of this study are consistent with earlier research that examined how
students perceived similar technologies like the FFC for different applications such
as intellectual disabilities [27], STEM subjects [28], flipped classrooms [29], smart
classrooms [30], subject websites [31], and remote learning [32]. Student satisfaction
was found to be predictably associated with classroom facilities. The results of this
study are crucial because nearly all the participants were enthusiastic about trying
the FFC session at the university for the very first time. Moreover, the introduction
of the FFC was a novel occurrence at the university. Consequently, we obtained a
restricted number of devices and amenities that students could utilise during the
session. Although many factors influence students’ satisfaction levels, our research
indicates that the absence of a face-to-face classroom environment is a significant
contributor to negative perceptions among students who joined virtually as previ-
ously opined by the work in [33].

The literature shows that previous assessments have analysed students’ percep-
tions from different academic levels, but this research focused mainly on the per-
spectives of engineering students in higher institutions towards the FFC. According
to the findings of the qualitative analysis of the survey, students’ perspectives and
expectations regarding the FFC are labelled under four primary themes, namely
inspiration, appreciation, displeasure, and feedback comments/suggestions. Most
of the respondents concurred that the classroom amenities were beneficial, and
efficient, and facilitated their learning process without many drawbacks except for
issues of network connectivity, class sitting capacity, cost, and inability to conduct
laboratory practicals there.

5 CONCLUSION

A study of students’ experience and responses to the FFC learning environment
at the University of Johannesburg has been presented in this article. The questions
and answers were submitted and received electronically through Google Forms.
The surveys asked participants to evaluate their levels of motivation, engagement,
enjoyment, perceived learning, and overall satisfaction with the classroom’s prepa-
ration for the future of learning at the university. These findings provide more evi-
dence that students opined that the digital equipment used in a future-fit classroom
aids their education and boosts their focus, interest, enthusiasm, and drive to study.
It also increased their learning capability by making students more self-aware of
their progress in the subject being taught in the class. In addition, the scholars per-
ceive that their feedback and viewpoints are esteemed by their instructors and will
be utilised by the university administration to enhance the quality of education.
Furthermore, the traditional classroom was shaped by the industrial age and the
future-fit classroom will be shaped by the digital revolution.

This study has limitations due to the limited sample size, small sitting capac-
ity of the FFC, and a focus on convenience sampling. Hence, further research
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should focus on testing different student groups’ classroom experiences and
examining the learning outcomes of large samples in a larger FCC. Considering
the study’s discoveries, forthcoming investigations could investigate how tech-
nology affects student learning achievements across diverse academic fields and
educational stages.

However, this study has shown that the deployment of more and larger FFCs is
the right way to go at the University of Johannesburg, which other institutions can
also invest in for the good of their students.
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ABSTRACT

Mathematics is an abstract and complex subject for children that needs new ways of teaching.
Therefore, this study explores the effectiveness of a computer game application called “My
Math Academy” for learning mathematics on the academic achievement of early learning
students in Jordan. My Math Academy computer game app is educational content through
games that are adaptable to the curricula. The study sample consisted of ten students from
kindergarten, first and second grades from eight schools in the city of Amman during the
academic year 2022/2023 during the first and second semesters. They were divided into two
groups: the treatment group, which consisted of 505 students, and a control group consisting
of 481 students. The students of the treatment group were gradually trained to use the My
Math Academy application, and the results showed through the data obtained that the treat-
ment group that was taught with the support of My Math Academy obtained higher academic
scores in mathematics compared to the control group that was taught in the traditional way.
It was observed that the effect of the application of computer games to the academic achieve-
ment of students with severe arithmetic weaknesses is much greater than the effect of other
students who excelled in mathematics.

KEYWORDS
game-based e-learning, mathematics, the academic achievement

1  INTRODUCTION

All over the globe, the form of education is changing from traditional methods to
modern technology to comply with the rapid technological revolution [1]. Nowadays,
technological games are used through mobile phones, digital assistants, tablets, and
computers to support all those working in the field of education [2]. The use of learning
based on adaptive electronic games through mobile phones in the education process is
fun for children [3]. It enhances motivation to learn among students and is effective in
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the field of problem solving in mathematics [4]. Mobile learning can be defined as the
process of acquiring information and skills through electronic applications [5]. There is
no doubt that education through play in the early stages of special education for young
children facilitates knowledge because it considers the age stage and corresponds with
it [6]. The main objective of this paper is to investigate the impact of a game-based
e-learning application on academic achievement in mathematics for students in Jordan.

2  RELATED WORK
2.1 Game-based e-learning

Mobile gaming technologies have transformed the teaching process in and out of the
classroom [7]. It is noticeable in this era that the use of mobile phones is widespread,
and mobile phones contain a variety of settings, giving students a wide range of mod-
ern and advanced uses of gaming technology in learning [8]. Learning through games
is represented by individuality, and it is personal learning that is characterized by a
response to the personal requirements of the student and is also characterized by the
possibility of mobility and communication through global electronic platforms and net-
works [9]. Learning through games shapes students’ knowledge and skills [10]. A great
deal of research has led to the fact that learning through games has a real and posi-
tive effect on students’ learning and development, especially in some subjects such as
Arabic, mathematics and science [11-12]. That children learn well when the question in
mathematics is in the form of a puzzle in a game and they are mentally active through
games, especially questions in mathematics that need counting and thinking [13-16].
Learning through games builds social ties between learners and creates links for com-
munication and learning between them with ease [17-20]. In addition, learning through
games stimulates children’s minds and increases their acceptance of learning [21-23].
Play is not only a great source of fun, but it can also be a source for children to learn and
develop, because learning through games encourages students to show their intellec-
tual abilities through play [25]. When the student plays, he experiences new knowledge
[28]. Play is the field in which the child learns. The teacher can conduct experiments,
by giving each child a role in the story while playing [26]. At the end of the story, all the
child memorizes the equation in mathematics because of memorizing it in the story or
by watching his classmate, i.e. [22]. The child learns firmly in the mind [29; 30]. Play
does not interfere with academic learning, and play does not slow down teaching [24].
Games can be built through real experiences that teach in a deeper way that children
remember and understand faster and easier [27]. So that children move from one fun
activity to another, and teachers move away from traditional activities [31].

Learning based on useful play should be in the classroom, especially in kindergarten
[28]. Children’s minds are deeper in focus and understanding when they play in learn-
ing [22]. The levels of interest and understanding during learning by playing are much
deeper than pulling out a worksheet [29]. My Math Academy is a learning accelerator
and adaptive math solution for kindergarten and first and second grades [32-33].

2.2 My Math Academy application
My Math Academy provides math content that is interesting to the child and is

available for use at home and at school [22]. It focuses on basic concepts in math-
ematics: counting and comparing quantities, order of numbers, relationships
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in mathematics, addition and subtraction, facts in mathematics, place value of
numbers [14]. My Mathematics Academy was built according to the mastery learn-
ing system (PMLS), and this system is of an individual nature in terms of use and
instruction for the student. My math academy provides a guide to help with the
application, to help young students to enable them to master Personal Environment
Learning (PMLE). The design of My Math Academy consists of three components:
face-to-face learning games for children, the second component for the parents, and
the third component for the teacher [12]. Designed by My Math Academy, it con-
tains 98 games and over 300 activities that cover concepts and skills in mathematics
from kindergarten to Grade 2 [18]. My Math Academy relies on a child’s diagnostic
evaluation to determine appropriate games and activities for the child based on the
child’s prior knowledge. My Math Academy focuses on an adaptive system that uses
assessment of student performance to learn the level of difficulty of the game they
are assigned to [19]. Each of the six activities is designed with a graded level of diffi-
culty according to a previously reviewed map of learning objectives [22]. According
to children’s skills and understanding, they move to the next game level [23]. The
problem of the study revolves around that in Jordan, as in all countries, we need
to know the validity of the use of computer games application of the mathematics
academy to learn mathematics for early learning students in Jordan. It is one of the
most important technologies that needs to highlight its impact on students, and this
raises the central question in this study: Is there an effectiveness in applying My
Math Academy computer games to learn mathematics on the academic achievement
of early education students in Jordan?

3 METHODOLOGY

This research used the procedural model design (definition, design, development,
and distancing) for the research. [20] is the basis of this developmental research and
refers to using My Math Academy app development model with the goal of develop-
ing for learning and mastering.

3.1 The study sample

The components of the study sample that the researcher relied on in his study
consisted of kindergarten students and the first and second grades in the city of
Amman during the academic year 2022/2023 during the first and second semes-
ters from eight schools. They were divided into two groups, the therapeutic group,
consisting of 505 students, and the control group that consisted of 481 students.
The study sample included kindergarten students, divided into 233 students in a
treatment group and 252 students in a control group, with a total of 485 students
(see Table 1).

Table 1. Components of the study sample

Treatment Control Total
Kindergarten 233 252 485
1st & 2nd grades 219 182 401
Total 452 434 886
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The first- and second-grade remedial group was divided into 219 students in a treat-
ment group and 182 students in a control group, for a total of 401. Students in the reme-
dial group were gradually trained to use My Math Academy as a resource for learning
and supporting understanding of mathematics. Starting at 8% in the first month, with
a monthly increase of 10%, we have reached a usage rate of approximately 80%.

3.2 Instrument and data collection

The questionnaireswere used in thisresearch, asaresearch tool,and were designed
according to Likert scale [5]. The questionnaire of educational experts focused on two
parts: the content in mathematics provided to students through electronic games, and
the interaction interface of the application and the display of activities during each
game. As for the questionnaires for teachers and students, they focused on measuring
the applied aspect according to the following indicators: effectiveness, interaction,
efficiency, and creativity index [10]. Before the data collection process, the validity of
the questionnaires was verified by three experts (experts in learning mathematics,
experts in learning technology, and experts in educational technologies). To test the
validity of the content used, the three experts reviewed the validity of the application.
To collect data, a questionnaire was distributed to the participating teachers. As for
the practical test that was applied to students who It was selected by taking an exper-
imental sample, which showed an improvement in the level of students.

Prior to implementation, participating teachers were trained in a 2-hour virtual My
Math Academy application, with time-lapse videos (3 to 9 minutes) focused on students
applying for the first time in My Math Academy, and on a teacher dashboard show-
ing how to engage with the student’s electronic account and the use of the electronic
whiteboard by default in the first month to acquire the skill of identifying students’ pre-
vious knowledge through my mathematics academic assessments, and to develop the
skills of using the teacher’s information board, and the method of monitoring students’
progress. The researcher held an extensive discussion with the participating teachers
periodically during the year to learn about developments and answer teachers’ ques-
tions and observations from the field during application. Teachers participated in using
My Math Academy for 45 minutes during the week spread over 5 days (9 minutes
per class). The school relied on computers, students’ iPads, computers, and students’
cellular devices that had My Math Academy app installed on them, and students used
their individual accounts to access the app while at school or at home. At the end of the
2022/2023 school year, teachers were asked to fill out a questionnaire, conduct assess-
ments, and conduct an interview that included questions about the teachers’ experi-
ences with My Math Academy app. In the study, measures and sources were used to
collect data as follows: Assessment of students’ achievement in mathematics learning,
where a measurement tool developed by researchers was used to evaluate students.

The math student assessments that used My Math Academy were determined by the
math objectivesfor the age group of the participating students. The pre-assessment pro-
cess included 31 multiple-choice choices. The duration of the test was 30-45 minutes.
For the post-test, it was modified to include 7 additional items targeting the Grade 2
Math standards due to students making significant progress in the preliminary test.
The duration of the post-test was 45 minutes. For kindergarten students, each stu-
dent was allowed to stop after completing 31 items to consider the age group. The
evaluation process took place at the beginning of the academic year 2022-2023 in
the month of September 2022. After applying the use of My Math Academy in the
classroom, an evaluation was conducted in the form of small groups of students (5-6
students). Technical support was provided to students, such as assistance in login and
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any problems related to the use of devices, whether it is a computer, mobile phone,
computer or iPad, and headphones were used for each student to give instructions.
For each component of the evaluation, questions were answered by clicking to select
a file on the screen. It is ensured that students have answered all questions before
submitting. Code 0 (correct answer) or code 1 (correct answer) was used. Periodic
visits were made during the academic year for the academic year 2022-2023. It is
observed that many students have made great progress in using it. Especially in
Grade 2 Math, remedial group teachers were asked to apply My Math Academy for
three sessions of 20 minutes each per week (an hour per week) as a complementary
resource to the math curriculum. The total educational activities were evaluated
through games during the application of My Math Academy according to multiple
variables that include students’ performance in the game that was previously chosen
and determined according to the student’s abilities and age stage, and each game was
associated with one or more goals to acquire skills, for example, adding and subtract-
ing numbers from 1-9, counting skill for numbers from 1-30; in addition to mea-
suring student performance with graded difficulty levels for each game. Teachers
participating in My Math Academy app were surveyed according to monitoring of
classroom practices and activities of teachers participating during My Math Academy
app. Prior to the study, the participating teachers were asked to provide information
regarding their practices and activities during implementation. They were limited to
a survey before the study with 21 treatments associated with 19 controls, and a sur-
vey at the end of the study of 21 treatments associated with 20 controls. The teachers
gave feedback about their practices and activities, including observations about the
use of technological tools, and skills in mathematics such as counting 1-99, addition
and subtraction two and three numbers according to the target age group.

Their observations were limited to a pre-study survey with 21 treatments associ-
ated with 19 controls, and a survey at the end of the study with 21 treatments asso-
ciated with 20 controls. Teachers’ feedback included monitoring students’ interest in
learning mathematics, using a Likert scale of 1-5, where 1 stands for very negative,
2 negative, 3 neutral, 4 positive, and 5 extremely positive. Among the teachers’
observed statements were “I feel very at ease using My Math Academy as a math tutor,
especially when teaching new skills to students” and “I find using My Math Academy
to be a useful and supportive resource for learning mathematics, which is fun and
engaging for students”. These statements are translated into a questionnaire coded on
a Likert scale. On a scale of 1 to 4, where 1 strongly disagree, 2 disagree, 3 agree, and
4 strongly agree, data were analyzed using SPSS software. Teachers from both the
treatment groups (8) and the control group (4) were interviewed. The interview with
the teacher focused on observations about the extent of my math academy application,
obstacles encountered, how well students interacted during my math academy appli-
cation, and inquiries about the teacher’s role while applying as a mentor and evidence
and supportive as well as focusing on the class environment in general. To identify the
applications used in digital mathematics, the researcher used the monitoring protocol
using the log file. Three areas were monitored: classroom management, teaching qual-
ity, and play quality. An inter-evaluator reliability score of 0.89 was calculated.

3.3 Data analysis

A basic equivalence test was performed using pre- and post-matched samples.
There were no statistically significant differences to estimate the effect of My Math
Academy on student outcomes between the treatment group and the control group
at baseline. See Table 2.
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Table 2. Baseline differences on the pretest scores with 31 items

Adjusted Means
Study Treatment Control  Difference  p-Value  Confidence Uns"tvlf:l‘(’;l:ltfd
0

Sample (SD) (SD) (SE) 95% Interval sample Size
Pre- and 15.38(6.97) | 15.53 (6.80) | —0.16 (0.60) 0.794 -1.34t01.02 886
post-matched
sample
Baseline sample | 15.46 (6.98) | 15.54 (6.79) | —0.09 (0.59) 0.875 -1.2t01.07 918
for random
assignment

4  RESULTS AND DISCUSSION

4.1 Results and discussion the effect of My Math Academy
on student math achievement

The scores for student performance in mathematics showed that My Math Academy
app improved student achievement in mathematics, as measured by a researcher-
developed math assessment. In particular, the treatment group used My Math
Academy for 12-13 weeks, compared to the control group. The difference between the
treatment group and the control group was small and statistically significant (effect
size=0.11, p.=0.026). It is the effect size that is considered moderate. This may be due
to the use of digital applications by teachers of the control group other than My Math
Academy, which may have been like them in influence during the three months when
the application was implemented. This indicates the positive impact of using My Math
Academy despite the competition with other teachers. Applications have a positive
effect, subgroup analysis showed that the effect of the program varies according to the
degree. It was observed in kindergarten that the treated group scored a point higher
than the control group, with a statistically significant difference of 20.14 vs. 19.23,
p = 0.01, effect size = 0.16. In the first grade, the difference between the treatment
group and the control group decreased. My Math Academy affected a student’s aca-
demic achievement in mathematics * p <.05, adjusted (see Table 3).

Table 3. The effect of My Math Academy on student math achievement

Adjusted Means
Outcome Treatment  Control Difference Effect St
p-Value . Student
Measure (SD) (SD) (SE) Size .
Sample Size
Post-test (38 items) 20.97(8.01) | 20.08(7.84) | 0.89* (0.40) | 0.026* 0.11 922
Note: *p < .05.

4.2 Results and discussion: effect of My Math Academy on the most
advanced skills assessed

The treatment group using my math academy gained 20.2 points compared
to the control group, 19.1 points, p = 0.01, effect size = 0.16, in kindergarten as
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learning gains. While there are no statistically significant differences between the
treatment group for the first and second grades and the control group for the first
and second grades, this confirms that the effect of the group that used My mathe-
matics academy in kindergarten is greater than the effect in the first and second
grades. Kindergarten students excelled in the most difficult skills that were evalu-
ated. These skills were added to the post-test in kindergarten after it was noticed
during the application that kindergarten children excelled until they were able to
deal with second-grade games (see Figure 1).

60
=, 52 0 use an algorithm to subtract Without
° 30 i regrouping
Q
B 40 0 Create fact families 1-18
28 32| 131,030
SE 30 28 Add 3-digit number with grouping in ones
S8 " 2 |paw g groupimg
é A 20 0 use an algorithm to add Without regrouping
g 10 [ Represent number with hundred tens

| and one using bass-ten blocks

Control Treatment
group group

Fig. 1. Effect of My Math Academy on the most advanced skills assessed

To see if My Math Academy was associated with math skill development as
measured by assessment where we examined the relationship between math skill
development and post-test score. The correlation between the post-test score and the
number of cumulative skills mastered by students in My Math Academy was strong
atr=0.73 (see Figure 2).

90

80 ° \
g & *°
S 60 P
= .0 ()
g 50
5 N o 0@ o
- L Y
& ° ° ‘.‘
£ 30 ®
5 20 e °

°

10 o 8

0 °

0 20 40 60 80 100

Number of Skills of Math

Fig. 2. Correlation, p < 0.01 between the skills students master through My Math Academy
and their post-test scores r =0.73

4.3 Results and discussion teachers’ perception of educational technology
on their students’ math skills

The survey at the end of the study confirmed that the teachers in the treatment
group (n = 20) and the control group (n = 20) answered questions about the positive
and significant effect of using technology on the mathematical skills of their students
(see Figure 3).

70 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 13 No. 6 (2023)


https://online-journals.org/index.php/i-jep

JEP [Vol. 13 No. 6 (2023)

The Effectiveness of the Application of Game-Based E-Learning on Academic Achievement in Mathematics for Students in Jordan

Identifying number 46]
Counting skill 46]
Interest in Learning math 17]
Learning math overall compact 48]

3.6 3.8 4 4.2 44 4.6 4.8 5

[J Treatment [ Control

Fig. 3. Teachers’ perception of educational technology on their students’ math skills

In the interview, one of the teachers said: “I am a kindergarten teacher. It is great
that children learn through the activities of My Math Academy, which provides them
with more activity and interest in the classroom environment. Learning mathemat-
ics becomes fun and students acquire skills faster.” One of the teachers explained:
“The students use their mobile devices. They are professional in the activities, and
they are very interested. They share their experiences by playing to learn mathemat-
ics among themselves.” (See Figure 4)
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Fig. 4. Treatment teachers’ experiences of using My Math Academy in their classrooms

This study stresses the need to develop early childhood education practices
[19]. It emphasizes the importance of play in helping young students build per-
sonal academics based on appropriate game-based learning for young students.
The results of the study indicated that students in the treatment group who used
My Math Academy for a period of 12 weeks in 2022-2023 outperformed students
in the control group in mathematics achievement. This result is particularly
remarkable because students learn self-directed play within My Math Academy,
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without the need for rote learning and memorization. Moreover, stimulation for
children, learning personally and learning to master are some of the most import-
ant features of My Math Academy. Teachers confirmed that my math academy
app alleviates the challenges in learning math for young children [15]. The results
indicate that My Math Academy provides customized guidance to students who
have problems understanding mathematics, especially in skills that are over-
looked by kindergarten teachers who focus most of the time on basic skills (shape,
countdown, numbers...). Finally, the findings of this study are consistent with a
2017 study of pre-kindergarten and kindergarten classrooms that used My Math
Academy over a 12-14-week period [7] and increase students’ interest in learning
mathematics. My Math Academy is a promising and effective intervention for stu-
dents from poor and low-income families, to help reduce the gap in mathematics
knowledge.

4.4 Limitations and future research

The use of more than one game application for learning mathematics in kin-
dergarten in the treatment group by teachers hinders knowledge of the real
impact of using the My Math Academy application. Another limitation is time,
which is overcome by the teachers’ persistence and constant interaction with My
Math Academy. As for the relationship between My Math Academy and the use of
abstract number games, it can negatively affect it in terms of its competition and
in terms of its attractiveness. This requires developing games and activities that
are highly engaging and complementary to the mathematics curriculum at the
same time.

5  CONCLUSIONS

The results of this study were consistent with study [22], which found positive
effects of using My Math Academy for pre-kindergarten and kindergarten classes
over a 14-week period. My Math Academy version of this study included games for
1st and 2nd grade content. The results of this study showed that the control group
that used the second-grade content app outperformed the control group, indicating
that the positive effects of using My Math Academy extend beyond kindergarten.
As for teachers’ positive perception of my mathematics academy in this study, this
is due to the app’s ease of use and students’ high engagement in the app to learn
math. The results of this study reinforce and clarify previous evidence [22], confirm-
ing the effectiveness of My Math Academy in teaching mathematics to young learn-
ers, as well as the app’s usability in first and second semesters. It has two features,
play and master the games. This app turns out to be very practical according to
teachers and students. It is applicable to mathematics. This study concluded that the
application of computer games in My Math Academy for learning mathematics
resulted in a significant improvement in the academic achievement of early learn-
ing students in Jordan. These positive trends are not only among students, but also
among teachers and parents who appreciate the positive impact of learning through
electronic games. My Math Academy computer games app provides the opportunity
for parents to share games and activities with their students while learning through
this app. The intended future research is to test these game-based applications in
different educational stages.
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ABSTRACT

The university-level mathematics teaching adopted by many professors is still a traditional
classroom, and many students’ perception of mathematics is that it is a complicated subject.
The operationality of the flipped classroom proposal implemented at a university has a poten-
tial that can be used to change the perception that university students and teachers have
towards the mathematics course, as well as to change the methodology of many teachers on
how they teach their courses in the classroom. This research is the result of the implementa-
tion of the flipped classroom methodology in the basic mathematics course that is part of the
professional careers of the engineering faculty of a Peruvian university. The aim of this study
was to analyze the impact of applying the flipped classroom on academic results and atti-
tudes towards mathematics, with an experimental group of 227 students and a control group
of 215 students. The academic results were measured at each of the stages indicated in the
course syllabus, T1, partial exam, T2 and final exam; attitudes towards mathematics were also
assessed at cognitive, procedural and affective levels at the end of the university semester. The
Kolmogorov-Smirnov normality test was applied and yielded a value of p = 0.00, indicating
that the grades obtained by the students did not follow a normal distribution. With the data
obtained, the Mann-Whitney U test was performed, obtaining a p = 0.00 value (a= 0,05, ;).
p < amakes us conclude that there are statistically significant differences between the scores
of the experimental group compared to the control group. The results show a significant
improvement in the academic performance and positive attitudes of students who took the
course using the flipped classroom compared to those who did not use this methodology.
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1  INTRODUCTION

Understanding mathematics is a challenge for many university students, as math-
ematics often involves abstract concepts that can be difficult to visualize or relate
to real-world situations [1]. For this reason, many university students perceive the
mathematics course as a difficult subject, with difficulties often attributed to a lack of
preparation, practice and knowledge that would give the student the ability to solve a
mathematical problem [2]. This ability should not only focus on the ability to solve a
problem as a tool to practice procedures [3] but should become the means to connect
mathematical work to everyday life by contextualizing the content through real
problems that arise in everyday academic and professional situations [4]. This per-
ception is reflected in poor academic results among students [5], as well as a lack of
interest and motivation for mathematics among university students [6].

Many teachers feel that the use of technology in the classroom is detrimental to stu-
dents’ assimilation of knowledge and skills [7]. So, the mathematics teaching adopted
by many teachers remains traditional [8], offering little chance for students to acquire
the ability to solve real mathematical problems. This approach does not meet students’
individual learning needs, leading to a lack of interest in mathematics [9], and even
more so when many students had to adapt to an online learning environment due to
COVID 19, which presented additional challenges for learning mathematics [10].

Advances in information and communication technologies are making it possible
to promote new forms of teaching in university classrooms, opening up spaces for
the democratization of knowledge [11]. Several methodologies used at university
level encourage a shift from traditional to more participatory teaching, involving
students in the construction of their own knowledge and generating positive impacts
on their academic performance and attitudes [12]. One of the methodologies with the
greatest impact on the teaching and learning process is the flipped classroom, which
has an advantage over other active methodologies in terms of improving academic
performance and attitudes to mathematics; this method also presents the challenge
of involving more asynchronous student participation in different activities [13, 14].

The flipped classroom is a pedagogical model [15] in which the student accesses
knowledge autonomously outside the classroom, practicing and questioning content
in different ways, with this entire sequence of activities carefully prepared by the
teacher [16]. It moves the activities that traditionally took place in the classroom
to the physical space where the student is located, enabling the teacher to interact
more actively with students and identify their cognitive and procedural needs when
solving a mathematical problem [17]. Implementation of the flipped classroom in
university teaching has increased in recent years, showing significant progress at
procedural, attitudinal and cognitive levels in students who have developed the
method [18]. However, there is little research showing macro-level implementa-
tion of the flipped classroom across an entire university semester in the Faculty of
Engineering’s Professional Studies program [19].

The most recent research on the flipped classroom shows that it has been used in
several disciplines with encouraging results, becoming a determining factor in the
success of student learning, as students work actively and collaboratively, being the
builders of their own knowledge, enabling the teacher to guide the process effec-
tively [20, 21]. COVID 19 had a significant impact on the perception and adoption of
the flipped classroom model, as all educational institutions had to adapt to the dis-
tance model during the pandemic [22]. Among the favorable perceptions identified
here are greater acceptance of online learning as it promotes autonomous learning
with anytime access to educational resources [23], flexible schedules, greater virtual
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interaction and accelerated adoption of technological tools [24]. This has motivated
the accelerated transformation of teaching practices in universities to motivate,
engage and promote student success [25].

The aim of this research is to determine the impact of the application of the
flipped classroom on the academic results and attitudes at the cognitive, procedural
and affective levels of students enrolled in the basic mathematics course in the dif-
ferent careers of the engineering faculty of a Peruvian university.

The remainder of this document is organized as follows. Section 2 presents an
in-depth review of the literature relevant to the questions raised. Section 3 details
the materials and methods used. The main results are presented in Section 4 and
discussed in Section 5. Finally, Section 6 presents the main conclusions of the study,
as well as research perspectives.

2 RELATED WORK

Focusing on the effectiveness and impact of the flipped classroom model, we
highlight some of the most recent work on the following topics. The authors of [26]
conducted a study on the influence of the flipped classroom in the scientific train-
ing of pre-service teachers, in which they highlight that the systematization of the
flipped classroom significantly influences academic performance, attitudes and
positive evaluation perspectives in their university training as teachers.

Similarly, [27] analyzed the influence of the flipped biochemistry classroom on
students’ academic performance and perceptions of self-awareness, obtaining the
result that students who participated in the flipped classroom model achieved better
academic performance (p < 0.01) and reported a significant improvement in their
perceptions of self-awareness (p < 0.01) compared to the control group.

The authors of [28] demonstrated that the main factor influencing educational
outcomes was self-efficacy, followed by gender, educational experience in the flipped
classroom, satisfaction with learning, age, ability to analyze the flipped classroom
and ability to analyze the flipped classroom.

Similarly, the authors of [29] conducted systematic reviews with the aim of eval-
uating the application and effectiveness of the flipped classroom in the training of
nursing students. After reviewing 25 articles, they concluded that the model has three
key elements: pre-class activities, in-class activities and post-class activities, which,
when properly guided, generate positive learning in terms of skills, knowledge and
attitudes in nursing students.

In [30], the authors conducted a meta-analysis on the application of the flipped
classroom in mathematics courses. After reviewing 86 articles, they concluded that
the application of the method improved mathematics learning in several aspects,
such as academic achievement, active participation, motivation, interest and
interaction between students and teachers.

3  MATERIALS AND METHODS
3.1 Research background
The research proposed in this article is part of the Fundamental Mathematics

course, which is part of the Faculty of Engineering’s pathways. The implementation of
the flipped classroom methodology was developed over the 16 weeks corresponding
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to the entire two semesters of the 2021-2022 academic year. A whole team of spe-
cialist teachers designed the operational part of the flipped classroom methodology
in the course in question, and the final proposal was implemented in 2022.

Figure 1 shows a diagram of the flipped classroom implemented in the basic
mathematics course. Students first examine the course material in the virtual class-
room, then take a knowledge test. Once they have completed these activities, they
actively participate in the development of the course.

One week prior to the 3 days before the scheduled Scheduled class day
scheduled class class
S o = T 2
Teacher Student Students Teacher
Log in to the Virtual Classroom and Log in to the Virtual Classroom and They interact actively, deepening the
publish the following educational materials perform the following activities : concepts, solve cases

have 72 hours
to develop it

v Slides with theoretical summary and ¥ Review slides, solved v Students form collaborative teams,
workshop sheets with applfcation worksheets, explanatory videos choose a group leader.
exercises developed. and videos of solved exercises.
v The group leader presents the
v Explanatory video of the class of 30 v Conduct an online questionnaire- conclusions reached by the whole team.
minutes, which deepens the success type evaluation of the activities
cases, concepts and applications. reviewed. v The teacher synthesizes the topic and

shows the conclusions. The teacher
makes a compliance report of the

v" 3 wvideos of casuistic exercises activities done by the students

developed, explained in a clear, orderly
manner.

Fig. 1. Implementation of the flipped classroom

The basic mathematics course is divided into two units: linear algebra and limits.
Students are required to take interim assessments in both semesters and a final
assessment at the end of the second semester. Each student must have an aver-
age grade of 12 or above to pass the course. The Blackboard Collaborate platform
was used to set up the virtual classroom where students can access asynchronous
resources such as explanatory videos of the course, extended video exercises, slides
with theoretical summaries of the material, and worksheets. There have been no
updates to the career programs mentioned above; consequently, the themes devel-
oped are identical to those used during the two semesters of the 2020-2021 aca-
demic year. The same resources and materials were used in all sections during all
sessions of the corresponding cycle. For research purposes, the 227 students enrolled
in the two semesters of the 2020-2021 academic year constitute the control group.
The 215 students enrolled in the two semesters of the 2021-2022 academic year
constitute the experimental group.

Figure 2 shows a diagram of the academic resources designed and implemented
in the virtual classroom of each of the classes where the flipped classroom was con-
ducted. The resources were developed for the 16 weeks of the academic semester,
the material (see Figure 2a) for each week consists of slides with theoretical summa-
ries, worksheets of the exercises developed, an explanatory video of the class and
videos of the exercises developed. Figure 2b shows the login message, the design of
the learning session and the activities for testing learning using educational games.
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WEEK 1
@ Visible to students ~

Login message
—=J ® Visible to students =

Edit this document to enter a message

Learning session design

© Visible to students ~
(Pdf format)

WEEK 1
© Visible to students «

I:I Resources / Materials for the class session
© Visible to students ~

(PPT in POF format, PPT recording and additional resources)

'% PPT THEORETICAL SUMMARY OF THE CLASS
© Visible to students ~

SOLVED EXERCISE SHEET

@ Visible to students ~

D Resources / Materials for the class session

© Visible to students ~

(PPT in PDF format, PPT recording and additional resources)

C_ Explanatory video of the class
© Visible to students ~

D Activities to verify learning in the class session [ Video exercise developed 1

© Visible to students »
(Does not include T's, EP, EF)

D class recording

© Visible to students ~

(@)

&© Visible to students ~

() Video exercise developed 2
& Visible to students ~

G Video exercise developed 3
© Visible to students ~

(b)

Fig. 2. Diagram of resources used: (a) Material for the session; (b) Resources sent in advance each week

Similarly, attitudes towards mathematics [31] were assessed at cognitive, proce-
dural and attitudinal levels [32], in a questionnaire applied at the end of the aca-
demic semester. For each dimension, eight questions were asked, of which we can
highlight some of the most frequent responses.

Figure 3 shows the diagram of the questionnaire on attitudes to mathematics
at cognitive, procedural and affective levels. The questions with the most positive

responses are shown below.

Item diagram with the highest number of responses always in each of the dimensions measured

q,: | find mathematics easy when | study.

q2: Mathematics is valuable and necessary

in my academic and professional training.

qs: | solve the math exercises after

reviewing the class materiels.

g7 Mathematics is useful for me to

understand the other areas of my

academic and professional training.

qg: On math assessments, | take time to
' check my answers before | turn them in.

cognitive

on attitudes towards mathematics

quy: | make notes in math class, even if the attitudes
teacher does not require me to do so. towards
qys: | study math topics on my own initiative
Mathematics is fun and entertaining for me.

q16: Math classes make me want to continue
learning.

mathematics

procedural
q19: | feel valued and admired by my peers, thanks
to my mastery of mathematics.
q20: | enjoy doing problems in math class.
q24: When | don't understand some explanations in
math class, | make an effort and study more the
class materials.

Fig. 3. Diagram of student attitude dimensions

3.2 Research design

This research was designed to be quasi-experimental [33]. The independent
variable was the flipped classroom methodology, which framed the participants’
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asynchronous learning autonomy. The dependent variables were academic achieve-
ment and attitudes to mathematics.

To analyze the differences between students who used the flipped classroom
methodology and those who did not, we compared the marks obtained in four
assessments: two assessments graded T1 and T2, an intermediate exam and a final
exam. These assessments were carried out during weeks 4, 8, 12 and 16, respec-
tively, in accordance with the course syllabus that corresponds to the university’s
study plans. Similarly, at the end of the university semester, a Likert-scale question-
naire was conducted on students’ cognitive, procedural and affective attitudes.

3.3 Data collection procedure

Measurement of academic results. The aim was to measure the impact of
the flipped classroom on the academic results of students in the complementary
mathematics course. Data were collected using the assessments defined above in
accordance with the curricula for each course, for both the control (227 students)
and experimental (215 students) groups. The results were analyzed using SPSS
Statistics 26 [34].

Measuring student attitudes. The aim was to measure the impact of the flipped
classroom on students’ attitudes to mathematics. To this end, the research team
developed and applied a questionnaire on attitudes to mathematics at cognitive,
procedural and affective levels at the end of the academic semester in each of the
groups. The questionnaire consists of 28 questions, the first four of which are framed
by the demographic profile of all participants, and the remaining 24 questions were
divided into three blocks of 8 questions each to assess cognitive, procedural and
affective attitudes. Each question was measured using a 5-point Likert-type [35] rat-
ing scale, where 1 = Never; 2 = Almost Never; 3 = Sometimes; 4 = Almost Always;
5 = Always.

The internal consistency test using Cronbach’s alpha for items in the cognitive
dimension was 0.801, for items in the procedural dimension 0.878, for items in the
affective dimension 0.927, similarly, for all items we have an alpha of 0.950. As all
alpha values are above 0.7, this Cronbach’s alpha test proves that the data collected
in the questionnaire are internally consistent and reliable [36].

4  MAIN RESULTS
4.1 Impact of the flipped classroom on the academic results

Once data collection was complete, the Kolmogorov-Smirnov normality test was
carried out on the entire data set and yielded a value of p = 0.00, indicating that the
grades obtained by the students did not follow a normal distribution [37].

Figure 4 shows the quantile-quantile (Q-Q) plot for the entire data set with a
Pearson linear coefficient of determination of 0.68 (R* = 0.68). The results show that
the scores clustered around the solid line are scattered relative to each other, indi-
cating that the data do not have a normal distribution.
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Normal Q-Q Chart - Qualifications

normal expected

(%)

S 0 5 10 15 2 2
Observed value

Fig. 4. Results of normality test (Q-Q plot) for the total data

As the data do not follow a normal distribution, a more practical non-parametric
test was chosen to analyze the results. In this research, we used the Mann-Whitney
U test [38], for which means, medians, standard deviations and variances were
calculated for each of the T1, T2, partial and final assessments for both groups. To
determine whether there was a significant difference between the two groups, a sig-
nificance level of 0.05 or 95% reliability was established (o= 0,05, ) with the aim
of comparing the homogeneity of the data obtained.

Table 1 shows the results of the T1 evaluation. The control group obtained a
mean of 14.61, a median of 16.00 and a standard deviation of 4.20. For this group,
there were 19 missing data. The experimental group had a mean of 16.27, a median
of 17.00 and a standard deviation of 3.85. For this group, there were 17 missing
data. With the data obtained, the Mann-Whitney U test was performed, obtaining a
value of p = 0.00 (= 0,05, ,)- P < arleads us to conclude that there are statistically
significant differences between the scores of the experimental group compared to
the control group, after application of the independent variable. This is evidenced
by the change in the weighting of positive attitudes towards the course, essentially
in the procedural level of students enrolled in 2021-2022 compared to students who
took the course in 2020-2021.

2 tails

Table 1. Analysis of academic results following the T1 evaluation

N
Group Mean Median Standard Deviation Variance
Valid Lost
Control 208 19 14.61 16.00 4.20 17.64
Experimental 198 17 16.27 17.00 3.85 14.84

Table 2 shows the results of the partial evaluation. The control group obtained
a mean of 13.88, a median of 16.00 and a standard deviation of 4.64. Similarly, the
experimental group obtained a mean of 15.65, a median of 16.00 and a standard
deviation of 4.09, with 22 missing data. With the data obtained, the Mann-Whitney
U test was performed, obtaining p =0.00 (= 0,05, . ). p < aleads us to conclude that

2 tails
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there are statistically significant differences between the scores of the experimental
group compared to the control group, after application of the independent variable.
This is evidenced in the evolution of the weighting of positive attitudes towards the
course, fundamentally in the cognitive and procedural level of students enrolled in
2021-2022 compared to students who took the course in 2020-2021.

Table 2. Analysis of academic results following the partial evaluation

N
Group Mean Median Standard Deviation Variance
Valid Lost
Control 204 23 13.88 15.00 4.64 21.50
Experimental 193 22 15.65 16.00 4.09 16.75

Table 3 shows the results of the T2 evaluation. The control group obtained a mean
of 11.51, a median of 12.00 and a standard deviation of 5.254, with 31 missing data.
The experimental group obtained a mean of 12.63, a median of 14.00 and a standard
deviation of 4.980, with 26 missing data. With the data obtained, the Mann-Whitney
U test was performed, obtaining p = 0.00 (= 0,05, ;). p < erleads us to conclude that
there are statistically significant differences between the scores of the experimental
group compared to the control group, after application of the independent variable.
This is evidenced in the evolution of the weighting of positive attitudes towards the
course, fundamentally in the cognitive and procedural level of students enrolled in
2021-2022 compared to students who took the course in 2020-2021.

Table 3. Analysis of academic results following the T2 evaluation

N

Group Mean Median Standard Deviation Variance
Valid Lost
Control 196 31 11.51 12.00 5.25 27.60
Experimental 189 26 12.63 14.00 4.98 24.80

Table 4 shows the results obtained in the final evaluation, with the control group
obtaining a mean of 10.20, a median of 10.00 and a standard deviation of 5.519,
with 26 missing data. Similarly, the experimental group obtained a mean of 13.94,
a median of 16.00 and a standard deviation of 4.812, with 31 missing data. With
the data obtained, the Mann-Whitney U test was performed, obtaining p = 0.00
(¢=0,05, ) P < aleads us to conclude that there are statistically significant differ-
ences between the scores of the experimental group compared to the control group,
after application of the independent variable. This is evidenced in the evolution of
the weighting of positive attitudes towards the course, fundamentally in the cogni-
tive and affective level of students enrolled in 2021-2022 compared to students who
took the course in 2020-2021.

Table 4. Analysis of academic results following the final exam

N
Group Mean Median Standard Deviation Variance
Valid Lost
Control 190 37 10.20 10.00 5.52 30.46
Experimental 184 31 13.94 16.00 481 23.15
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4.2 Impact of the flipped classroom on student attitudes

Once the data collection was complete, the Kolmogorov-Smirnov normality test
was carried out on the entire data set and yielded a value of p = 0.00, indicating that
the grades obtained by the students did not follow a normal distribution [37].

Table 5 shows the percentage weights of the cognitive, procedural and affec-
tive dimensions of attitude for the control and experimental groups. For the
cognitive dimension of attitude, there was a 7.86% decrease in the “Never” rat-
ing, a 21.15% decrease in the “Almost Never” rating and a 10.4% decrease in the
“Sometimes” rating. Similarly, there was an 18.16% increase in the weighting of the
“Almost Always” rating and a 21.35% increase in the “Always” rating. For the pro-
cedural attitude dimension, there was a decrease of 18.94% in the “Never” rating,
20.22% in the “Almost Never” rating and 1.89% in the “Sometimes” rating, as well
as an increase of 21.00% in the “Almost Always” rating and 20.05% in the “Always”
rating. For the affective attitude dimension, there was a decrease of 22.47% in the
“Never” rating, 16.37% in the “Almost Never” rating, and an increase of 6.17% in the
“Sometimes” rating, 17.66% in the “Almost Always” rating and 15.01% in the “Always”
rating. It should be understood that the sustained increase in higher grades is due
to the effect of implementing the flipped classroom in the basic mathematics course.

Table 5. Analysis of student attitudes by dimension
Dimensions

Cognitive (%) Procedural (%) Affective (%) Total (%)

Control Experimental Control Experimental Control Experimental Control Experimental

Never 8.79 0.93 20.16 1.22 2745 498 18.80 2.37
Almost Never 26.25 5.00 28.61 8.39 25.68 9.31 26.85 7.56
Sometimes 39.52 29.12 37.26 35.37 35.82 41.99 37.50 3547
Almost Always 14.32 3248 8.34 29.34 8.46 26.12 10.37 29.32
Always 11.12 32.48 5.63 25.68 2.59 17.60 6.48 25.28

Figure 5 shows the evolution of the weighting of cognitive, procedural and affec-
tive attitudes towards mathematics of all students belonging to the control and
experimental groups, confirming the differences or weighting margins in the assess-
ments given to the group that implemented the flipped classroom. The results show
that most of the students who took the basic mathematics course using the flipped
classroom methodology improved the development of their attitudes towards
mathematics in the cognitive, procedural and affective domains.

Analyzing the data obtained at inferential level, the Kolmogorov-Smirnov nor-
mality test was performed for the total number of answers given by students in the
attitude questionnaire, yielding a value of p = 0.00, indicating that the total number
of evaluations made by students does not follow a normal distribution. Next, the
Mann-Whitney U test was performed, obtaining a value of p = 0.00 (& = 0,05, ,)-
p < amakes us conclude that there is a statistically significant improvement in the
evaluations of attitudes towards mathematics at the cognitive, procedural and affec-
tive levels of the students who performed the flipped classroom.
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Fig. 5. Evolution of the weighting of cognitive, procedural and affective attitudes towards mathematics
of all students belonging to the control and experimental groups

5  DISCUSSION

The aim of this study was to analyze the impact of the flipped classroom meth-
odology on students’ academic performance and attitudes in the basic mathematics
course. This course is part of the professional careers of the engineering faculty of
a Peruvian university. The academic results were measured at each of the stages
indicated in the course syllabus, i.e. intermediate assessment T1, partial examina-
tion, intermediate assessment T2 and final examination. Similarly, attitudes towards
mathematics were assessed at cognitive, procedural and affective levels by means of
a questionnaire at the end of the academic semester.

The results of the study showed that implementing the flipped classroom in the
basic mathematics course had a significant impact on improving students’ academic
performance. The results show a 2.07-point increase in the overall average grade of
the group in which the flipped classroom was implemented, compared with the group
that did not develop the methodology. These results are in line with those found in
previous research on the application of the flipped classroom to improve students’
academic performance in mathematics courses [39] in the same way [40].

The results also showed that the implementation of the flipped classroom had a
positive impact on students’ cognitive, procedural and affective attitudes towards
mathematics. The results of the questionnaire conducted at the end of the semes-
ter showed that more students in the group that took the course with the flipped
classroom methodology indicated that mathematics is useful and necessary for their
professional academic training, they also mentioned that they study the course top-
ics on their own initiative and that they enjoy learning in mathematics classes. In
addition, after following the flipped classroom method, fewer students reported
that mathematics was difficult. These results are consistent with those of previous
studies on the application of the flipped classroom to improve students’ attitudes to
mathematics [41].

In conclusion, the students who took the basic mathematics course using the
flipped classroom methodology achieved numerous benefits, not only improving
their academic grades, but also strengthening their commitment to the development
of the course and increasing their level of satisfaction at the end of the academic
semester. Consequently, we can mention that the results obtained confirm the high
potential of the flipped classroom methodology as a teaching and learning strat-
egy, not only in mathematics courses, but also in other courses delivered as part of
students’ university education.
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Among the limitations that emerged during the course of the research, we can
mention that during the planning phase, we had little time to develop standard-
ized material within the deadlines set by the university’s teaching specialists, given
that the teaching resources were used by all sections of the Faculty of Engineering.
During implementation, as the flipped classroom largely requires the use of elec-
tronic equipment and access to the Internet, some students limited their participation
because they did not have adequate access to these resources. It was also observed
that many students are not able to manage their time for independent learning.
Other limitations encountered are that even the way we assessed remained a tra-
ditional approach, which may not fully reflect the learning acquired through the
flipped classroom.

6  CONCLUSIONS

The implementation of the flipped classroom elicited a positive response from
the students and teachers who applied the methodology, as it enabled more partici-
pative interaction in the university classrooms, increased students’ efficiency when
solving the various problems in their assessments and also improved the attitudinal
perception of the mathematics course. In conclusion, students who took the basic
mathematics course using the flipped classroom methodology achieved numer-
ous benefits, not only improving their academic grades, but also enhancing their
engagement in the development of the course and increasing their level of satisfac-
tion at the end of the university semester. Consequently, we can mention that the
results obtained confirm the high potential of the flipped classroom methodology as
a teaching and learning strategy, not only in mathematics courses, but also in other
courses delivered as part of the academic training of university students.

Future work could firstly focus on updating the teaching materials used. Secondly,
it might be interesting to replicate the procedural part of the flipped classroom,
obtain results and find the correlation between academic performance and positive
attitudes towards mathematics. Pearson’s or Spearman’s correlations could be used
depending on the data obtained, and we could also apply this method not only to the
Faculty of Engineering in later cycles, but also extend it to other specialties.
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ABSTRACT

The concept of chemical bonding is a crucial one in chemistry that occurs throughout the
school curriculum and forms the basis of many topics in chemistry. Furthermore, learning
about chemical bonding allows the learner to make predictions and provide explanations
regarding the physical and chemical properties of substances. However, chemical bonding
has been cited as one of the most difficult chemistry concepts for many secondary and higher
education students to understand, and therefore, teachers can find it difficult to teach this
concept due to the complexity of the underlying theory as well as the need to use abstract
models to represent chemical bonds. The teaching methods used in the implementation of
the concept can also be challenging. The aim of this study is to reveal the difficulties and
alternative conceptions encountered by Moroccan secondary school students when learning
concepts related to chemical bonding, the main causes of these difficulties, and the strategies
used by teachers to help students overcome these obstacles. In this study, we conducted a sur-
vey of 57 Moroccan secondary school physical science teachers by means of a questionnaire.
The questionnaire, consisting of three parts, was used to collect the data. Each part contains
closed questions, open questions, and multiple-choice questions. The analysis of the results
highlights the difficulties and alternative conceptions most frequently made by the students,
namely: the octet rule, the geometry of molecules, and the polarity of molecules. Factors con-
tributing to students’ misconceptions include the nature of abstract concepts, the use of mod-
els, and the difficulty for teachers to explain certain concepts related to chemical bonding. The
study also presents some suggestions for improving the teaching of chemical bonding, such
as integrating information and communication technologies (ICT), diversifying the teaching
tools used, and taking into account students’ pre-existing conceptions. This can help teach-
ers, curriculum developers, and textbook authors make the subject easier for students and
address their misconceptions.

KEYWORDS
chemistry teaching, alternative conceptions, learning difficulties, chemical bonding

Lahlali, A., Chafig, N., Radid, M., Atibi, A., El Kababi, K., Srour, C., Moundy, K. (2023). Students’ Alternative Conceptions and Teachers’ Views on the
Implementation of Pedagogical Strategies to Improve the Teaching of Chemical Bonding Concepts. International journal of Engineering Pedagogy (j/EP),
13(6), pp. 90-107. https://doi.org/10.3991/ijep.v13i6.41391

Article submitted 2023-05-15. Revision uploaded 2023-07-05. Final acceptance 2023-07-09.
© 2023 by the authors of this article. Published under CC-BY.

90 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 13 No. 6 (2023)


https://online-journals.org/index.php/i-jep
https://online-journals.org/index.php/i-jep
https://doi.org/10.3991/ijep.v13i6.41391
https://online-journals.org/
https://online-journals.org/
mailto:abdelouahed.lahlali-etu@etu.univh2c.ma
mailto:abdelouahed.lahlali-etu@etu.univh2c.ma
https://doi.org/10.3991/ijep.v13i6.41391

Students' Alternative Conceptions and Teachers' Views on the Implementation of Pedagogical Strategies to Improve the Teaching of Chemical Bonding Concepts

UEP | Vol. 13 No. 6 (2023)

1  INTRODUCTION

Chemistry is considered a fundamental science that depends on several fields of
knowledge, such as health, biology, and geology ... Therefore, an understanding of
the basic concepts of chemistry is necessary, including chemical bonding and associ-
ated concepts such as the octet rule, ionic bonding, and molecular geometry....

Chemical bonding is one of the key and fundamental concepts in chemistry [1-3].
It is a fundamental concept at the heart of the basic structural interface of chemistry,
a key concept in explaining the cohesion of matter and molecular architecture, and it
allows for the understanding of the structure and properties of chemical compounds.

However, assimilating this concept can be difficult for several reasons. Firstly,
chemical bonds are microscopic phenomena that cannot be directly observed with
the naked eye. Therefore, understanding them requires the use of theoretical mod-
els such as Lewis models, VSEPR (Valence Shell Electron Pairs Repulsion) models, or
molecular orbital theory. These models are often abstract and can be difficult for stu-
dents to visualize. Furthermore, the concept of chemical bonding is closely related
to other concepts in chemistry such as the electronic structure of atoms, the polarity
of molecules, and intermolecular forces.

Understanding these concepts is crucial to understanding the nature of chemi-
cal bonding, but they can also be difficult to assimilate. Thus, other studies explain
the difficulty related to these concepts through the influence of school textbooks
[4], the use of traditional pedagogy, and classroom practice by teachers [5]. Overall,
the assimilation of the concept of chemical bonding and related concepts may be
difficult to teach in the chemistry classroom [6,7] due to the abstract nature of the
theoretical models used [4], the complexity of the connected concepts, and the mul-
tiplicity of models proposed.

Currently, many studies conducted in the Moroccan context (university cycle only)
and even globally at all school and university levels have shown that most pupils
and students find major difficulties in learning the concept of chemical bonding
and related concepts. Indeed, research conducted by [4,8-11] revealed that students
encounter difficulties in learning the concepts related to chemical bonding. Many stu-
dents have a low level of progress in learning chemical bonding and do not possess the
adequate understanding required for post-secondary education in chemistry courses.

Understanding the concept of chemical bonding is crucial for learning chemistry.
Chemical bonding is the central concept of many other basic concepts in the chem-
istry program, but its complexity can cause difficulties for students. In view of these
difficulties, the question arises as to how to facilitate the assimilation of the concept
of chemical bonding and related concepts by chemistry students by identifying the
best teaching strategies and the most effective pedagogical methods to improve the
learning and understanding of these key concepts.

The study of pupils’ alternative conceptions from the teachers’ point of view in the
scientific literature is poorly developed from a didactic point of view. Consequently,
this research will focus on teachers’ perspectives as key players in the teaching and
learning process.

In this respect, the aim of this study is to identify the major difficulties and the
most frequent alternative conceptions related to the learning of the concept of chem-
ical bonding and related concepts among secondary school students from the teach-
ers’ point of view, including the origin of these difficulties and the strategies that
teachers use to remedy them.
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To this end, answers to the following questions were sought in this study:

e What are the most common alternative conceptions and difficulties of secondary
school students regarding the concepts of chemical bonding?

e What are the factors responsible for the misperception of concepts related to
chemical bonding?

e How can teachers adapt their teaching strategies to help students with different
levels of understanding assimilate the concept of chemical bonding?

2 LITERATURE REVIEW

Pupils have persistent difficulties with some basic concepts in chemistry, such
as the relationship between ionic and covalent bonds, and the geometry of mole-
cules. Misconceptions are common and persist even after several years of teaching.
Therefore, research in chemistry didactics has targeted these difficulties and the
alternative conceptions of pupils and university students for several decades. The
aim is to understand the origin and nature of these difficulties in the study context
in order to propose solutions to overcome them.

Learning difficulties in chemistry: This is related to the student’s relationship
to knowledge and concerns the cognitive processes deployed by the student in learn-
ing, alternative conceptions, and epistemological barriers, as well as the language
and abstraction of knowledge in science [12].

Learning difficulties in chemistry can have multiple causes, including the com-
plexity of concepts, the need to use abstract models, the presence of alternative con-
ceptions and difficulties in reasoning ... These difficulties can lead to misconceptions
and deficiencies that persist throughout the school curriculum.

Alternative conceptions: A great deal of didactic research has shown that cer-
tain students’ responses, which are generally described as “errors”, are derived from
a personal mode of reasoning and explanatory system, which presents a perfect and
structured logic for them. This prompts didactic researchers to take an interest in
and give major importance to what is called conception. Conceptions are students’
internal representations of a concept, usually in science [13]. Some authors call them
preconceptions, prescientific conceptions, misconceptions, primitive, naive, alterna-
tive, intuitive, erroneous, inappropriate, spontaneous, or unexpected conceptions.
In English literature, the term misconception is preferred [14].

The alternative conceptual framework may have its origins in concepts learned
in class, but about which students have drawn conclusions or developed expla-
nations that are not consistent with scientific theory [15,16]. The identification of
pupils’ conceptions about a given concept, and moreover the identification of the
origin of these conceptions or representations, could however prove very useful in
constructing teaching sessions. Indeed, in light of these conceptions, the knowledge
constructed by the pupils could sometimes turn out to be obstacles that hinder the
learning of new notions. Among the alternative conceptions listed in the scientific
literature, we will discuss those related to the concepts of chemical bonding and
associated concepts.

Examples of alternative conceptions or misconceptions regarding chem-
ical bonding: Research in literature has shown that students have difficulties with
this concept, regardless of their learning context. Multiple sources, such as studies
and textbooks, have identified various examples of misconceptions and alternative
conceptions of chemical bonding. The following table (Table 1) presents common
misconceptions regarding chemical bonding.
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Table 1. Examples of common misconceptions regarding chemical bonding

Examples of Common Misconceptions Relevant Sources

Think of a covalent bond as the equal sharing of electron pairs [1,17]

The student reduced the definition of the concept of chemical bond to the covalent bond [9]

The concept of polarity and the geometry of molecules are challenging to comprehend (17,18, 20, 29]
Limit the type of bond to two: covalent and ionic [17, 33]
Students believed ionic bonding was a sharing of electrons [20, 22, 28, 30, 31]
Confusing intramolecular bonding with intermolecular bonding [19, 24, 27]
Thinking that all the atoms in a molecule must obey the octet rule [1,10,17,23, 29, 33]
Confusing covalent and ionic bonds [11,19-21, 23-29, 32-33]

JEP | Vol. 13 No. 6 (2023)

3  METHODOLOGY
3.1 Characteristics of the sample

The target respondents of this study were teachers in a single provincial director-
ate of the Regional Academy of Education and Training Casablanca-Settat region of
Morocco, from the discipline of Physics and Chemistry, practicing in schools in urban
areas. A total of 57 teachers from a total population of 70 participated in the ques-
tionnaire survey, and the participation rate is around 81%. The sample was selected
in a simple random manner and comprised 46 men (81%) and 11 women (19%).

The following table (Table 2) presents the characteristics of the respondents. The first
section of the table concerns the age of the respondents in the study, with the majority of
respondents being between 31 and 40 years old (52.63%), 22.81% being under 30 years
old, 15.79% being between 41 and 50 years old, and only 8.77% being over 51 years old.

Table 2. Characteristics of the participant (n=57)

Attributes Characteristics Number Percentage (%)
Age class Under 30 years old 13 22.81%
31 to 40 years old 30 52.63%
41 to 50 years old 9 15.79%
Over 51 years old 5 8.77%
Seniority Less than 5 years 13 22.81%
Between 5 and 10 years 19 33.33%
Between 10 and 15 years 15 26.32%
More than 15 years 10 17.54%
Level of study Bachelor’s degree 16 28.07%
Master 31 54.38%
Doctorate 10 17.54%
Professional training | Yes 48 84%
No 9 16%
Specialty of study Physics 29 51%
Chemistry 28 49%
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The second section of the table provides information on the professional expe-
rience of the teachers, where the majority of the respondents (33.33%) have been
in the profession for between 5 and 10 years, followed by those with between 10
and 15 years (26.32%) and those with less than 5 years (22.81%), while teachers
with more than 15 years of experience represent only 17.54% of the respondents
(Table 2).

The third section of the table provides information on the educational back-
grounds of the respondents. The majority have a master’s degree (54.38%), followed
by those with a bachelor’s degree (28.07%) and those with a PhD (17.54%) (Table 2).

The fourth section of the table provides information on professional training,
where the vast majority (84%) have received professional training in training cen-
ters, while a minority of teachers work directly without prior training (16%). Finally,
the last section of the table provides data on the respondents’ field of study. There
is an almost equal distribution between physics and chemistry, with slightly more
respondents having a specialty in physics (51%) (Table 2).

3.2 Measurement instrument

This research is conducted using a quantitative approach. To address the research
questions, we employed an anonymous electronic questionnaire consisting of three
distinct sections.

In the first part, entitled “Identification of difficulties and alternative conceptions”,
which aimed at identifying the different difficulties and alternative conceptions
encountered by students regarding the concept of chemical bonding and related
concepts from the teachers’ perspective, we have included two questions: The first
open-ended question collected different difficulties and alternative conceptions
related to the concept of chemical bonding and related concepts and categorized
them. The second question proposed a list of concepts related to chemical bonding,
and we asked participants to select the concept(s) that seemed difficult to teach.

In the second part, entitled “Factors Responsible for the Misperception of
Concepts”, which aimed to determine the origin of the misperception of concepts
related to chemical bonding, we proposed an evaluation of the factors influencing
students’ perception of the concepts relating to chemical bonding. This evaluation
was carried out using a five-point Likert scale, ranging from “strongly agree”, marked
5, to “strongly disagree”, marked 1. In addition to this, we included multiple-choice
questions (MCQs) to examine teacher-related factors such as the didactic tools and
methods used to teach chemical bonding concepts and the methods used to diagnose
difficulties and misconceptions.

In the third part, entitled “Solutions Proposed by Teachers to Remedy Difficulties
and Alternative Conceptions”, which aimed to collect proposals for solutions to
difficulties related to the concept of chemical bonding and other associated con-
cepts, we presented suggestions to overcome learning difficulties associated with
the concept of chemical bonding and other related concepts. This assessment was
carried out using a five-point Likert scale, ranging from “strongly agree” rated 5
to “strongly disagree” rated 1. In addition, we asked participants to suggest other
solutions.

Ethical considerations: All respondents understood that participating in this
study was voluntary, and they could decide to withdraw at any time. Furthermore,
teachers were informed that their responses would only be used for a research study
and that their identities would not be revealed.
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Validation of the tool: The questionnaire was first checked and approved by
four experts in the field of chemistry and education: two Moroccan university teach-
ers at a public university in Morocco, a physics and chemistry inspector and an
associate professor with 21 years of experience in teaching chemistry.

This validation process resulted in the rewording of various items to make them
more understandable to the respondents and more scientifically accurate. The experts
considered the final version of the questionnaire to be valid. Before being used as a
data collection instrument, it is important to note that the questionnaire was tested
with 20 participants with characteristics similar to those of the study participants.

Data analysis process: The quantitative data gathered through questionnaires
were analyzed using descriptive analysis (means and standard deviations) using
SPSS 25 and Microsoft Office Excel 365. Concerning the open-ended questions in the
questionnaire, content analysis was employed to code the answers into a meaning-
ful set of categories.

The respondents’ responses, assessed on a five-point Likert scale, are interpreted
as follows (Table 3): The class interval is calculated by subtracting the maximum
score with the minimum score and then dividing them with the number of scales;
therefore, the class interval in this case is 0.8.

Table 3. Data interpretation

Point Value Mean Range Level of Agreement
1 1.00-1.79 Strongly disagree
2 1.80-2.59 Disagree
3 2.60-3.39 Slightly agree
4 3.40-4.19 Agree
5 4.20-5.00 Strongly agree

The table below (Table 4) shows the results of the Cronbach’s Alpha reliability
test on the questionnaire. The results show that the items are highly correlated as
the Cronbach’s Alpha values are quite higher than the value of 0.700 which is often
considered highly correlated [34,35].

Table 4. Reliability statistics

Part Number of Items  Cronbach’s Alpha
Factors responsible for the misperception of concepts. 13 0.938
Solutions proposed by teachers to remedy difficulties and 10 0.955
alternative conceptions.

4  RESULTS

4.1 Identification of difficulties and alternative conceptions
with regard to chemical bonding and related concepts

The following table (Table 5) lists the different difficulties and the most frequent

alternative conceptions identified by the teachers among the students about chemi-
cal bonding and related concepts, classified into eight sub-categories.
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Table 5. List of difficulties and alternative conceptions identified by teachers with regard to students’
concepts of chemical bonding

Difficulties and Alternative Conceptions Identified

st eet among Students
Electronic structure and the o The distribution of electrons on the electronic shells.
octet rule e Non-observance of the octet rule for an element in a molecule.

o Understanding the electronic structure and the outer shell.

The valence shell and Confusion between the valence shell and valence electrons.

valence electrons

Covalent and ionic bonding o Difficulty in distinguishing the different types of bonds.
o Confusion of two concepts: ionic compounds and molecules.
o Difficulty in distinguishing between a covalent bond

and an ionic.

Electronegativity and polarity of o The determination of the polarity of a molecule and the link

amolecule to polar bonding.

o The polarity of this molecule is determined solely by the
differences in electronegativity between its atoms, without
taking into account the molecular shape.

o The difficulty in understanding the concept of electronegativity.

o The location of partial charges in a molecule.

Isomerism o The concepts of isomerism.

o The structural representation of molecules and the confusion
with the Lewis representation.

¢ Confusion between structural formulae and the Lewis
representation.

The geometry of the molecule o The representation of the geometry of a molecule and the
difficulty of representing it in 3D space.

Cram model e The difficulty in realizing the Cram representation, as well as the
representation of the bonds in this representation.

Lewis structure o Failure to respect the number of bonds a chemical element can
make in a molecule.

o The organization of atoms in the representation of molecules.

o The representation of some specific molecules.

o The understanding of binding and non-binding doublets.

We note that several very common conceptual difficulties are detected by the
present research, according to the teachers’ statement. The categories of responses
include such things as electronic structure and octet rules, valence shell and valence
electrons, covalent bonding and ionic bonding, electronegativity and polarity of a
molecule, isomerism, geometry of the molecule, the Cram model, and Lewis struc-
ture. This list clearly shows that understanding the concept of chemical bonding
involves mastering several interrelated concepts and that the difficulties encoun-
tered by students can come from different sources (Table 5).

By comparing the above misconceptions, we can confirm that the concepts are
chained and well structured. Moreover, if the student fails to master such concepts,
it may induce difficulties; for example, to predict the polarity of molecules, it is nec-
essary to know the geometry of the molecules and their electronegativity.

In addition, the following table (Table 6) presents the results allowing us to iden-
tify the concept(s) that seem to be difficult to teach from the teachers’ point of view,
and which allows us to measure the teachers’ mastery of the concepts, as well as
their impact on the teaching-learning process.
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Table 6. A list of concepts that seem difficult to teach

Concepts Number of Responses Percentage%

Molecule geometry 29 50.9
Cram representation 24 42.1
The Polarity of a molecule 22 38.6
[somerism 20 35.1
Electronegativity 19 33.33
Ionic bonding 17 29.8
Lewis structure 11 19.3
Polarized bonding 11 19.3
Duet rule 4 7
Octet rule 4 7
Electronic structure 4 7
Covalent bond 3 5.3
Valence shell 2 35
Valence electrons 2 35

The teachers interviewed identified some concepts as being more difficult to
teach than others. According to their views, the geometry of a molecule (50.9%),
the Cram representation (42.1%), the polarity of a molecule (38.6%), isomerism
(35.1%), electronegativity (33.33%), and ionic bonding (29.8%) are among the most
difficult concepts to teach, while other concepts seem to pose less difficulty. These
results affirm the complexity of chemical bonding concepts in chemistry teaching
and help to identify the concepts that teachers have difficulties with, which can
help to improve the way these concepts are taught and understood by students
(see Table 5).

In terms of identifying difficulties and alternative conceptions of students regard-
ing concepts related to chemical bonding, it was found that the majority of teachers
(82.5%) were able to identify difficulties and misconceptions of students, while 17.5%
claimed not to have identified them. It is clear from the responses that some chemis-
try teachers are not aware of or do not address the misconceptions held by students,
which can lead to the persistence of these misconceptions. Therefore, the results
highlight the importance of addressing students’ misconceptions in chemistry teach-
ing in order to remedy them and ensure a deeper understanding of the concepts.

These results are serious warnings for chemistry teaching at the level of second-
ary education in Morocco. Teachers will certainly be concerned to overcome the
difficulties of concepts that do not seem to be mastered by their students, but first of
all, it is necessary to know the factors responsible for the misperception of concepts.

4.2 Factors responsible for the misperception of concepts related
to chemical bonding

The table below (Table 7) presents the results of our study on the factors that
cause students’ misperceptions of chemical bonding concepts, categorized according

International Journal of Engineering Pedagogy (iJEP) 97


https://online-journals.org/index.php/i-jep

Lahlali et al.

98

to respondents. These results have been classified into different categories according
to the respondents interviewed.

Table 7. Factors responsible for the misperception of concepts related to chemical bonding

Factors Items Mean SR LG
Deviation of Agreement
Of didactic The nature of abstract concepts. 3.05 1.540 slightly agree
onigin Concepts poorly adapted in the program: 2.82 1.364 slightly agree
internal didactic transposition.
Use of the texthook. 2.60 1.307 slightly agree
Use of models (Lewis). 2.56 1414 Disagree
Of pedagogical | The conditions of overcrowded classrooms. 3.39 1.656 slightly agree
ongin Absence of laboratory. 343 1.637 slightly agree
Lack of teaching materials. 3.18 1.501 slightly agree
Time spent on the chemistry program. 2.84 1.486 slightly agree
Student-related | Presence of representations (conceptions) 3.07 1.321 slightly agree
factors among students.
The influence of the language of instruction 3.09 1.491 slightly agree
(language barrier).
Pupils’ orientation. 3.02 1.302 slightly agree
Teacher-related | Traditional teaching (absence of active 2.86 1.381 slightly agree
factors pedagogies).
Lack of training in science didactics. 2.72 1.278 slightly agree

The analysis of these results allowed us to distinguish four main sub-catego-
ries of factors that are responsible for this poor perception of chemical bond-
ing concepts.

The first factor concerns difficulties of didactic origin, in which we find the nature
of abstract concepts (3.05), concepts poorly adapted in the curriculum (2.82), the use
of the textbook (2.60) and the use of models (2.56) (Table 7). The second factor is
pedagogical in origin, such as overcrowded class conditions (3.39), lack of labora-
tories (3.23), lack of teaching materials (3.18) in addition to the time devoted to the
chemistry program (2.84). The third factor is student-related difficulties, in which
we find the presence of student conceptions (3.07), the influence of the language of
instruction (3.09) and students’ orientation (3.02). The last factor is teacher-related
difficulties, considered less important, such as traditional teaching (2.86) and a lack
of training in science didactics (2.72). All these last items have an agreement level of
“slightly agree” except for the item “Use of models (Lewis)” which is in “disagree”.

Other teacher-related factors: The table below (Table 8) shows the didactic
tools used by teachers to teach concepts related to chemical bonding, as well as the
number of respondents for each tool. The results show that the majority of teach-
ers prefer the use of information and communication technologies (ICTs), such as
animations and simulations, as well as molecular models (colored balls and rods).
However, some teachers continue to use tools such as the blackboard and the text-
book. It is important to note that the use of inappropriate teaching aids can cause
difficulties for students.
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Table 8. Didactic tools used by teachers to teach concepts related to chemical bonding

Didactic Tools Percentage

Table 50.87%
Textbook 17.54%
Animations, simulations 66.67%
Molecular models (colored balls, rods for associating the balls) 57.94%

Table 9 presents the pedagogies used by teachers to teach the concepts related to
chemical bonding. The results of the responses indicate that 49.1% of the teachers
surveyed opt for a problem-solving method as a pedagogy for constructing the con-
cept of chemical bonding and related concepts. However, 35.1% prefer the investiga-
tion method, and only 17.5% of the teachers prefer project-based pedagogy. Finally,
almost a quarter of the respondents preferred to use the traditional method. These
results highlight the diversity of pedagogies adopted by teachers to teach the concept
of chemical bonding and related concepts. The presence of teachers using the tradi-
tional method may lead to misconceptions among students.

Table 9. Methods used by teachers when teaching concepts related to chemical bonding

Methods Used Percentage

Problem solving 49.1%
Investigative pedagogy 35.1%
The traditional method 22.8%
Project-hased teaching 17.5%

Table 10 presents the tools used to diagnose difficulties and misconceptions
among students. The analysis of the results shows that the majority of respondents
consider that exercises, summative assessments and written tests are the most com-
mon tools used to detect difficulties and misconceptions among students. This lack
of assessment practice can lead to problems for students who fail to correct their
misconceptions and misrepresentations early in the learning process. These results
also suggest that teachers are not sufficiently aware of the importance of exploiting
students’ representations in their teaching, which may limit the deep understanding
of chemical bonding and other related concepts.

Table 10. Methods of diagnosing difficulties and misconceptions

Ry M fimetotime  Of often
Assessments at the beginning of the session | 17.54% | 15.78% 31.57% 17.54% | 17.54%
Assessments during the session 7.01% | 24.56% 31.48% 28.07% | 10.52%
Assessments at the end of the session 10.52% | 26.31% 22.80% 22.80% | 17.54%
Exercises 3.50% 8.77% 26.31% 21.05% | 40.35%
Written tests 877% | 12.28% 31.48% 28.07% | 21.05%
Oral tests 19.29% | 19.29% 24.56% 21.05% | 15.78%
Direct questions 12.28% | 22.80% 26.31% 21.05% | 17.54%
Dialogue 15.78% | 24.56% 22.80% 17.54% | 19.29%
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Finally, the pedagogical choices adopted by teachers, the ways in which diffi-
culties are identified, as well as the limited use of didactic tools can all contribute
to difficulties in learning the concept of chemical bonding and related concepts, to
misunderstandings for many students.

4.3 Teachers’ proposed solutions to difficulties and alternative conceptions

Table 11 presents the analysis of the responses concerning the solutions proposed
by the teachers to cope with the difficulties and alternative conceptions encountered
in teaching-learning related to the concepts of chemical bonding.

Table 11. Solutions proposed by teachers to deal with difficulties in learning the concept of chemical
bonding and other related concepts

Items Mean Standard Level
Deviation of Agreement
1. Integrate information and communication technologies (ICT) | 4.05 1.355 Agree
such as simulations, animations, and flash tools.
2. Assess pre-requisites before starting the course. 398 1.445 Agree
3. Diversify teaching aids. 3.95 1.329 Agree
4. Provide in-service training for teachers to keep up with the 391 1.418 Agree
latest teaching methods.
5. Encourage exchanges and communication between teachers. | 3.91 1.258 Agree
6. To carry out practical work. 3.84 1.399 Agree
7. Adopt active teaching methods. 3.84 1424 Agree
8. Improve communication with students by providing regular | 3.82 1.227 Agree
feedback on their progress.
9. Take into account students’ pre-existing conceptions. 3.79 1.292 Agree
10. Modify teaching content to make it more accessible and 3.00 1.570 Slightly agree

understandable to students.

The analysis of the results of the solutions proposed by the teachers to cope with
the difficulties of learning concepts related to chemical bonding revealed that out of
the 10 items proposed in the questionnaire, only 5 were considered very important
by the teachers. Firstly, teachers indicated that it was necessary to integrate infor-
mation and communication technologies (ICT) such as simulations, animations, and
flashes (4.05). In second place, teachers stressed the importance of assessing students’
prior knowledge before starting the course (3.98), then diversifying the didactic tools
used (3.95), offering in-service training to teachers so that they can keep abreast of
the latest teaching methods (3.91), and finally encouraging exchanges and commu-
nication between teachers (Table 11). Secondary proposals include conducting prac-
tical work (3.84), adopting active pedagogies (3.84), improving communication with
students by providing regular feedback on their progress (3.82), taking into account
students’ pre-existing conceptions (3.79), and finally modifying the content of teach-
ing to make it more accessible and understandable for students (3.00) (Table 11).

Other proposals suggested by respondents in an open-ended question to improve
the teaching and learning of the concept of chemical bonding and other related con-
cepts are grouped as follows (Table 12):
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Table 12. Additional proposals suggested by respondents

Suggestions Statement

At the — Reword the part of the curriculum concerning chemical bonding concepts in the

Curriculum level official instructions.

— Expand the curriculum to include atoms with atomic numbers above 18.

— Emphasize the use of the s, p, and d sublayers for electronic configuration rather
than the K, L, M layers.

— Allocate sufficient time for each concept to be taught.

In terms of — Provide the necessary teaching materials to allow a concrete understanding of
Didactic tools covalent bonding.
— Use practical work and simulations to teach chemical bonding and the geometry
of molecules.

— Use appropriate simulations to enrich the teaching.

— Make models of atoms available in the laboratory to enable a better
understanding of covalent bonding.

— Use the internet, multimedia room, and diagrams to facilitate teaching.

At the level of the | — Work with a problem-based approach to correct misconceptions.

didactic approach | — Encourage the investigative approach to enable students to search for the answer
and information in order to avoid misconceptions.

— Encourage student participation to carry out class projects related to the concept
of chemical bonding.

Other suggestions | — Teach chemistry as a subject independent of physics, by chemistry specialists.
— Reducing class size would allow better follow-up of students in difficulty.

— Increasing the number of hours to allow more practical work to be done.

— Accompanying students in difficulty.

— Encourage dialogue to correct alternative conceptions.

5  DISCUSSION

Firstly, it should be recalled that the aim of this study is to explore the difficulties
encountered by secondary school students in Morocco during the learning of con-
cepts related to chemical bonding, as well as the origin of these difficulties and the
strategies that teachers use to remedy them.

The results of the study highlighted the presence of difficulties and alternative
conceptions among students concerning concepts related to chemical bonding. These
difficulties, as perceived by teachers, can be attributed to a variety of factors such as
didactic, pedagogical, and student-related factors. In addition, teachers themselves
may contribute to the difficulties experienced by students. To address these learning
challenges, effective strategies such as the use of information and communication
technologies, the diversification of teaching tools, and the incorporation of molecu-
lar models should be included.

Concepts related to chemical bonding are key and fundamental concepts in
chemistry education, indispensable for the understanding of almost all topics in
chemistry [1,11]. Indeed, understanding the fundamental ideas of chemical bond-
ing is essential for learning many concepts in chemistry, both at the secondary and
higher education levels. However, these concepts are often regarded as abstract and
remote from students’ everyday experiences, which can lead to the emergence of
alternative, erroneous conceptions, and misconceptions [8,18-19]. As a result, most
students experience difficulties understanding chemical bonding and present vari-
ous misconceptions about it [1,17,20-21].
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The results of the study highlighted the presence of difficulties and alternative
conceptions among students with regard to concepts related to chemical bonding.
Teachers reported that many students had difficulties understanding the distribution
of electrons on electron layers and the application of the octet rule, which is consistent
with the findings of [22]. The study by Peterson et al. (1986) [23] also revealed that
misconceptions about elemental stability and the octet rule are due to students’ misin-
terpretations of these rules. In addition, students often confuse the valence layer with
valence electrons, which has been reported in other studies such as those by [10,20,24].

In addition, students have difficulty distinguishing between a covalent bond and
an ionic bond, as well as between ionic compounds and molecules. This is consistent
with the findings [25]. In a study, Tan & Treagust (1999) [18] found that the majority
of students (80.4%) thought that sodium chloride existed as molecules, suggesting
that a high percentage of students do not understand the difference between the
different bonds. These results are also consistent with other previous work, such
as [1,6,17,19-22,26-28]. Nicoll [20] also investigated students’ misconceptions about
chemical bonding and revealed that students thought that ionic bonding was elec-
tron sharing, and this misconception is consistent with the findings of [29,30].

The results of the study indicated that the majority of students have misconcep-
tions regarding the electronegativity and polarity of molecules. In particular, they
have difficulty understanding the link between polar bonding and the polarity of
a molecule. These results are in agreement with previous works such as those con-
ducted [17,22,26,32]. In addition, some students find it difficult to associate the con-
cept of polarity with electronegativity, as also found by [21,33]. Burrows and Mooring
[36] stated that most students encounter difficulties in making meaningful associa-
tions between electronegativity and polar covalent bonding. Students also tend to
think that the polarity of a molecule is determined solely by the differences in electro-
negativity between its atoms, without taking into account the molecular shape. These
findings have also been supported by previous studies. With regard to the geometry
of molecules, students have difficulties grasping the spatial representation of mole-
cules and identifying their shape. These results are consistent with those of [20,28].

It is important to understand and identify the factors responsible for the
misperception of concepts related to chemical bonding that often lead students to
develop misconceptions. Several factors can explain this misunderstanding of these
concepts, according to the teachers’ views, including didactic factors, such as the
abstract nature of the concepts, which appears to be a major obstacle. These results
are consistent with previous studies conducted by [1,6,19]. Thus, the use of pedagog-
ical models in chemistry teaching [1] and textbooks used by students may also be an
explanatory factor [37,38].

On the other hand, there are other pedagogical factors, such as overcrowded
classroom conditions, a lack of laboratory facilities, a lack of teaching materials,
the amount of time devoted to the chemistry curriculum and other student-related
factors, such as the presence of alternative representations or conceptions, the
influence of the language of instruction as a linguistic barrier [39], and student ori-
entation. It is therefore important to take these different factors into account in order
to improve the teaching and understanding of concepts related to chemical bonding.

Our survey also reflects the fact that teachers can also be a source of difficulties
for students. Their teaching style and use of traditional or simplistic pedagogical
approaches are often ineffective in helping students fully understand abstract
concepts [1,8]. Furthermore, the limited and insufficient use of didactic tools is not
sufficient to improve students’ understanding. This finding is supported by the
results of previous research conducted by [40], as well as the lack of training in
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science didactics. This result can be explained by the presence of teachers in the
sample who directly perform the work without prior professional training.

Most of the teachers interviewed do not value assessment and its roles in the train-
ing of students, such as diagnostic assessment to check prerequisites and formative
assessment to monitor students’ achievements. Over time, these assessment prac-
tices should be used with the aim of correcting misconceptions [1,41]. In addition,
the study showed that teachers also face difficulties in teaching some basic concepts
related to chemical bonding, which can lead to misconceptions among students.
Indeed, the misconceptions that appear in teachers are also found in students [42].

It is recognized that students who do not master concepts related to chemical bond-
ing during their high school years may struggle to understand them at a more advanced
level [1,20,36]. Teachers therefore need to be aware of these difficulties among students.

Teachers have proposed effective strategies to address their students’ alterna-
tive conceptions and learning difficulties. Firstly, the integration of information and
communication technologies (ICT) such as simulations and animations can improve
the quality of chemical bonding related educational content and help students over-
come learning difficulties [37,43-47].

It is also recommended to assess the students’ pre-knowledge before starting the
course and to diversify the didactic tools [48]. including using molecular models
for a better understanding of chemical bonding, according to [37,49]. Furthermore,
teaching chemistry with active pedagogies is recommended, as stated by researchers
[1,8,49], in order to avoid misconceptions. For this reason, teachers suggest in-ser-
vice training to keep themselves updated with the latest teaching methods.

Reforms may be needed in the chemistry curriculum to facilitate the understand-
ing of concepts related to chemical bonding at all levels. Our findings can be contex-
tualized in the study; for example, according to [8] the best sequence for teaching
bonding is to follow the following order: covalent bond, polar covalent bond, and
ionic bond. Nicoll [20] suggests that teachers should emphasize transitions between
the symbolic, the macroscopic, and the microscopic [11] through the adoption of a
spiral curriculum covering the three years of upper secondary education.

Other results depend on the context of the study, such as reducing class size for
better follow-up of struggling students, increasing the time allocated to practical
work, teaching chemistry by chemistry specialists independently of physics, and
supporting struggling students to cope with problems related to the teaching and
learning of chemical bonding concepts.

Having considered all this information, it is crucial to create learning environ-
ments that incorporate appropriate pedagogical strategies and conceptual change
techniques in order to address misconceptions and alternative conceptions related
to the teaching and learning of the chemical bonding concept.

The study has some limitations that need to be mentioned. First of all, it is based
only on teachers’ opinions. Furthermore, it focuses only on teachers working in
public schools. Finally, as the sample studied was very limited, consisting of only
57 teachers, it is clear that further research is needed to confirm the results and
determine how teachers’ practices regarding concepts related to chemical bonding
impact students’ understanding.

6  CONCLUSION AND PERSPECTIVES

From the results of our study, it appears that Moroccan students have difficulties
assimilating the concept of chemical bonding and related concepts. These difficulties,
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as well as alternative conceptions, stem from several didactic, pedagogical, and
student-related factors. Our results also highlight the fact that teachers can be
a source of these difficulties, both in terms of the pedagogical methods used and
assessment practices that do not sufficiently take modern assessment strategies into
account, as well as the limited use of didactic tools. These results corroborate the
findings of the existing literature on students’ conceptions of chemical bonding.

Teachers should use computer simulations, animations, and molecular mod-
els to help students master the abstract concept of chemical bonding. In addition,
learning environments based on active pedagogies, the use of appropriate teaching
materials, and effective assessment strategies should be designed to address stu-
dents’ misconceptions about chemical bonding. It is recommended that in-depth
studies be conducted by chemistry researchers to evaluate the effectiveness of these
strategies.

In conclusion, it should be emphasized that multiple strategies are available to
improve students’ understanding of chemical bonding. In this context, teachers
should be aware of the most common misconceptions and their levels, so that they
can manage and apply new approaches in their teaching.
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ABSTRACT

This research’s urgency is evident from the growing gap between students’ expectations
and what universities are able or willing to provide. The theoretical background is based
on constructivist learning theories and a praxiological approach. The parallel group method
laid the basis of this study design when comparing project management students from two
universities, A and B. In addition, a specific pedagogical experiment in the forest was imple-
mented at University A. The experiment lasted one academic year and included a total of 179
students. Work breakdown structure, the Critical Path Method, resource management, plan-
ning, manipulative business practices, and the role of team members were demonstrated in
parallel with bees, ants, bumblebees, wolves, zombie mushrooms, squirrels and orangutans.
Experimental intervention at University A has led to higher point scores on achievement tests
compared to University B students and brought other remarkable findings, “aha” moments
and answers to the assigned research questions: What key moments increase student engage-
ment during the class (1), and what are the findings and recommendations for future project
management pedagogy (2). This study combines quantitative and qualitative methods, includ-
ing bio-mimicry analogies, parallel group technique, focus groups, action- and game-based
learning, achievement test, and statistical tests.

KEYWORDS
project ecosystem, forest ecosystem, biomimicry, achievement test, focus groups,
game-based learning

1  INTRODUCTION

The complexity of today’s world requires project managers who can demonstrate
depth and creativity of mindset. The new keys to efficiency and prosperity are novel
ideas, emotional intelligence, critical thinking, visionary behaviour, the use of per-
sonal strengths of project team members and insight [1]-[4]. When looking for a
solution to any problem, we can find inspiration in how systems work in nature [5];
patterns are everywhere in the great outdoors and can be observed in structures,
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events, and interrelationships [6]-[7]. Nature is 3.8 billion years ahead of humans,
so it would be wise to use this massive stock of “research and development” [8]-[9],
such as obtaining and using resources (essential for the project), processing infor-
mation and reproducing it. Biomimetics (biomimicry) studies living organisms, their
structures and composition to imitate their properties and use them to develop new
technologies or solutions to current problems [10]. Biomimetics is the application of
lessons from nature to people, societies, and organisations, even applicable to proj-
ect management—while encouraging students to be positive agents of change in the
world [11]-[14].

However, the actual situation in the education sector is far from this idea. At most
universities, project management is regarded as a subdiscipline and trans-functional
discipline at the same time [15]. Organisations, universities, students and profes-
sional bodies consider project management as a set of methods, techniques and
tools interacting with other fields to bring something new [16]-[18]. This situation
responds to the positivist paradigm. Geist and Myers [19] recommend combining
hands-on activities with theoretical approaches to project management pedagogy.

Teaching and learning have been identified as significant issues in the debates on
the re-evaluation of project management, which is supposed to consist of changes
in the conceptualisation of management, a focus on soft skills and the acceptance
of the fact that a “one-fits-all” approach is not viable [20]-[22]. Other reasons for
the transformation of educational activities are today’s “shrewd, knowledgeable and
media-savvy” students who have different expectations from higher education than
they currently receive. This fact calls for a change in the student-teacher relationship
within higher education [23]. Educators need to become coaches and facilitators of
learning [24]. Such changes, however, encourage students to extract meaning from
interpreting information rather than being passive recipients [25]-[28]. All these
challenges led to these research questions:

RQ1: Do forest parallels contribute to increased student engagement and better
outcomes?
RQ2: What are the findings and recommendations for future project management

pedagogy?

1.1 Research design considerations

Two primary influences shaped the study design: constructivist theories of learn-
ing [29]-[32] and a praxiological approach [33]. Teacher-as-researcher implemented
an extraordinary pedagogical experiment in the forest to connect learning and prac-
tice into one unit. Green spaces of nature provide a neutral ground for shared activ-
ities [34]. Environments rich in biodiversity directly affect the outcomes of people
engaged in these activities [35]-[41]. The experiment aimed to increase students’
engagement and improve their educational results. The following hypotheses were
determined.

HO: No difference in point scores between UnivA and UnivB groups will exist.

Ha: Issues explained on forest ecosystem will lead to higher point scores in the
achievement test compared to the control group at UnivB.

This study combines quantitative and qualitative methods (bio-mimicry analo-

gies, Focus Groups, parallel groups, and statistical tests).
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2 MATERIALS AND METHODS

This empirical research is based on systematic cognitive activity, data collec-
tion techniques, and observation of events and processes, followed by process-
ing and interpreting their results. The teacher-as-researcher is also the primary
instrument for data collection and analysis. The driving force of the praxeological
approach is the experiment, which is carried out to verify the initial assumption’s
validity. In the pedagogical experiment, at least two parallel groups of students
with similar compositions are assumed, and the effect of the intervention is eval-
uated [42]-[45]. The “parallel groups” method [46]-[47] was used when compar-
ing two groups. This technique achieves more reliable results (compared to the
method of one group). The data was collected from September 2021 — June 2022.
For one academic year, the teacher-as-researcher focused on working with two
selected groups of students at UnivA and UnivB. Learning objectives and compe-
tencies were almost identical.

A project manager-practitioner was also engaged at higher education institu-
tions and supplemented the teacher’s explanation with examples of good prac-
tices. Standard evaluation and summative assessment were practised at the UnivB,
where the experiment was not carried out. Instead, the experiment was realised
at UnivA and was based on action- and game-based learning [48]-[54]. Some proj-
ect management issues (topics) taught at UnivA were moved to the forest environ-
ment, where the teacher-as-researcher demonstrated Work Breakdown Structure
(WBS), the Critical Path Method, resource management, manipulative practices,
and the role of team members in the examples of wild animals. Students worked
in five-people teams [55], searching for similarities between humans and wild ani-
mals through observation, action- and game-based learning, brainstorming, and
mind maps.

The effectiveness of both teaching methods is represented by the knowledge
achieved by the students at the end of the experiment, measured by the achieve-
ment test [56]-[58]. A criterion-referenced summative achievement test was
chosen with broad open tasks requiring a more extensive answer, which are suit-
able for solving problem situations. The results are shown in Table 1 — Student
Performance. When evaluating the responses, weighted scoring was used, assign-
ing different points to the tasks according to their difficulty. The minimum success
rate was 60%.

The evaluation of the results differed due to the number of points allocated to
individual questions. Twenty was the maximum number of points that could be
obtained for each question, with the minimum being four. In the evaluation in the
results section, the given range of possible points is then awarded for each question.
The character of the assessment corresponded to the ordinal scale [59]. Kolmogorov-
Smirnov, Shapiro-Wilk, and Mann-Whitney U tests were used for preliminary data
set testing to find possible parametric distribution [60]-[62]. Due to the dual charac-
ter of the data, it is presented as the median with lower and upper quartiles and the
mean + standard deviation in the descriptive statistics. If students refused to answer
the question, this answer was counted as a missing value (not substituted by zero)
[63]-[65].

A moderated discussion (Focus Group) was also chosen to explore the participants’
attitudes and opinions. The output is usually information that would not appear in
the questionnaire; thus, a deeper understanding of the problem is mediated. In addi-
tion, group atmosphere can reduce certain stereotypes and attitudinal patterns and
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help reveal hidden and subsurface connections that would not be noticed in other
types of research [66]-[67]. The experimental group participants were asked the fol-
lowing questions:

e Which analogy between the project and forest ecosystem do you find most compelling
and applicable to the project’s teamwork?

e Which parallel with the forest ecosystem impressed the most and why?

e What animal behaviour is closest to human expression?

2.1 Selected chapters demonstrated the analogy of project ecosystem -
forest ecosystem

The Work Breakdown Structure was explained using the example of a beehive.
A hierarchical work breakdown structure connects the WBS and the beehive.

Completed projects also require creativity and the use of teamwork strengths.
A project team is a group assembled for a certain period to achieve a project goal
within a set deadline. The team has precisely defined powers and a fixed financial
budget. Team members may have different professions and may only meet for the
first time at the start of the project, yet they must work together as one body. Team
members must be able to communicate and cooperate effectively with each other,
which was demonstrated in the analogy of a wolf pack. A pack of wolves includes
individuals of various ages and is led by an alpha pair. The pack has strict social
rules, which the alpha pair strictly requires of all members. The alpha male ensures
tasks and lineage. Beta males are assigned the protection of the pack, which is why
these individuals are the strongest and in the best condition. Wolves in a hierarchi-
cal position among these individuals are in charge of hunting and caring for the
young. The wolf pack is an example of a collaborative, participative or transforma-
tional leadership model.

Ants and ground bumblebees (Bombus terrestris) discovered the algorithm for
finding the Critical Path, which can plan their journey in such a way as to cover as
few kilometres as possible [68]-[69]. Resource management was introduced to stu-
dents on fox squirrels (Sciurus niger), which have a system for sorting and gathering
supplies for the winter; some of them sort nuts according to species, quality and
personal taste preferences.

Planning is the dominant yet least popular activity of project managers. To moti-
vate course participants, the behaviour of orangutans was introduced. Orangutans
announce their travel plans the night before by calling in the direction of their
intended journey.

The course participants were introduced to the alien fungus Ophiocordyceps
unilateralis attacking ants Camponotus. The spores of the fungus invade the ant
through the cuticle, enter the nervous system and begin to produce a chemical that
controls the ant; its internal organs are converted to sugar so that the fungus can
grow better. The ant becomes a puppet, the fungus a manipulator—a pattern of
parasitic and manipulative business practices.

3  RESULTS

This section presents the similarities found between the project and the forest eco-
system in Tables 1-3 with the student’s performance, including achievement tests’
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evaluation (median, standard deviation, z-value, and p-value). Achievement tests
contain 11 questions, which differ from each other in the number of points accord-
ing to their level of difficulty. This section also includes selected statements from
Focus Group participants.

Table 1. Student performance C (UnivB) group (n = 92)
C (UnivB) Group (n=92)

Question

No PATask (I\g‘idl(;;l) Mean + Sd
1 WBS (bee hive, anthill) 10 points 6.00 (4.00; 8.00) 7.13+3.42
2 Planning (orangutan) 10 points 6.00 (4.00; 8.00) 5.45+3.83
3 Critical Path Method (ants, bumblebee) | 20 points | 14.00 (12.00; 16.00) | 13.58 +4.10
4 Financing (textbook) 10 points 8.50 (4.50; 6.50) 545+ 2.15
5 Project resources (Fox squirrel) 10 points 7.00 (4.00; 6.00) 6.50£4.12
6 Risks (texthook) 10 points 8.00 (2.00; 8.00) 482+253
7 Changes in projects (texthook) 6 points 2.00 (2.00; 4.00) 2.87+£1.23
8 Control methods (texthook) 10 points 6.50 (4.50; 6.00) 431+3.28
9 Quality (textbook) 10 points 8.50 (6.50; 4.50) 7.58 +2.06

10 Unfair practices (zombie mushroom) 10 points 6.50 (4.50; 6.00) 5.45+3.17

11 Project team (wolfpack) 6 points 4.50 (2.00; 8.00) 3.92+2.83

Table 2. Student performance E (UnivA) group (n = 87)

E (UnivA) Group (n = 87)

112

Question Range . .
No Median Median
(Q1;Q3) (HOR))
1 WBS (bee hive, anthill) 10 points | 8.00 (7.00; 9.00) 8.00 (7.00; 9.00)
2 Planning (orangutan) 10 points | 7.50 (4.00; 8.00) 7.50 (4.00; 8.00)
3 Critical Path Method 20 points | 18.00 (18.50; 16.50) | 18.00 (18.50; 16.50)
(ants, bumblebee)

4 Financing (texthook) 10 points | 6.50 (6.00; 10.00) | 6.50 (6.00; 10.00)
5 Project resources (Fox squirrel) 10 points | 8.50 (6.00; 8.00) 8.50 (6.00; 8.00)
6 Risks (texthook) 10 points | 8.00 (4.00; 8.00) 8.00 (4.00; 8.00)
7 Changes in projects (textbook) 6 points | 4.00 (2.00; 5.00) 4.00 (2.00; 5.00)
8 Control methods (texthook) 10 points | 6.50 (8.00; 10.00) 6.50 (8.00; 10.00)
9 Quality (textbook) 10 points | 7.50 (6.50; 8.00) 7.50 (6.50; 8.00)

10 Unfair practices (zombie mushroom) | 10 points | 8.50 (6.50; 10.00) 8.50 (6.50; 10.00)

11 Project team (wolfpack) 6 points | 5.50 (4.00; 8.00) 5.50 (4.00; 8.00)

International Journal of Engineering Pedagogy (iJEP)

JEP | Vol. 13 No. 6 (2023)


https://online-journals.org/index.php/i-jep

JEP | Vol. 13 No. 6 (2023)

The Nature of Project Management Found in Nature: Comparative Study at High Education Institutions

Table 3. Mann-Whitney U test

Quilsgion R Range Mann-Whitney U Test
Z Value p-Value
1 WBS (bee hive, anthill) 10 points -3.76 <0.01*
2 Planning (orangutan) 10 points -12.87 <0.01*
3 Critical Path Method (ants, bumblebee) 20 points -7.18 <0.01*
4 Financing (texthook) 10 points 11.64 <0.01*
5 Project resources (Fox squirrel) 10 points —-6.25 <0.01*
6 Risks (texthook) 10 points -2.25 0.25
7 Changes in projects (textbook) 6 points -6.35 <0.01*
8 Control methods (texthook) 10 points -8.36 0.06*
9 Quality (textbook) 10 points 13.05 <0.01*
10 Unfair practices (zombie mushroom) 10 points —-6.12 <0.01*
11 Project team (wolfpack) 6 points -3.89 <0.01*

Higher values equal a better result. No differences between groups were found
for questions (7) and (9), i.e., risk management methods (p = 0.25) and control meth-
ods such as Milestones Trend Analysis, Structure Status Deviation, and Earned Value
Management (p =0.06). Questions No. (4) and (10) dealing with project financing and
quality management have positive z-value = 11.64 and z-value = 13.05, which indi-
cates that in these questions, the experimental group from UnivA was significantly
worse compared to the control group from UnivB.

These phenomena may occur because these four topics were explained and pre-
sented to the students from a textbook, not by comparison with wild forest animals.
Therefore, the teacher-as-researcher did not find suitable parallels or analogies for
the abovementioned issues. Another reason could be that the experimental group
(UnivA) had already adopted fieldwork in nature and could perceive the return to
the classic textbook negatively. On the contrary, nothing changed for the control
group (UnivB).

Project management is not only about using methods and techniques, but it is
a specific philosophy and style of work, representing a particular way of thinking.

Itis a remarkable characteristic of humans to quickly understand new unknown
facts using analogies (similarities, parallels) with another already known situation
[22]. The analogy is a heuristic method of cognition based on structural isomorphism
[23], [29]. At the beginning of an analogous situation, there is the nescience of some-
thing, which is to be overcome, clarified and enlightened by the previously known
content. The effects achieved by this method are enhanced by the synergistic effect
of teamwork (on which project management is based) [24]. The backbone of project
management is the time-resource analysis of the project based on the Network
Diagram, so it is necessary to know the algorithms and logic of its construction. The
Critical Path is derived from the Network Diagram and is difficult for students to
understand. For simplicity, an analogy between bumblebees and ants was used. The
bumblebee does not fly across the meadow along the randomly chosen route. Every
day, bumblebees solve a task that mathematicians call the “traveller’s problem”; they
must plan their journey to visit all the cities while covering as few kilometres as possi-
ble [68]. The secret of ants’ sense of direction lies in counting steps and remembering
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successive turns [69]. The WBS aims to break down the project into detailed activi-
ties so that responsibilities, effort, and time horizons can be assigned to them [2]. Tt is
a tree-like hierarchical structure similar to that on which the cooperation of bees in
a hive and ants in an anthill is based. Unfair business practices, teamwork, resource
management and planning were explained using analogies with the natural ecosys-
tem, for which appropriate parallels with forest dwellers could be assigned. In addi-
tion, the subsequent research study could explore similarities in project financing,
risks, changes, and control methods. Finally, practical recommendations for future
project management pedagogy resulting from the results are given at the end of
chapter 4.1. The experimental intervention at UnivA has led to higher point scores
in achievement tests equaling a better mark. Therefore, the statistical test result sup-
ported the alternate hypothesis and rejected the null hypothesis.

3.1 Results of a qualitative research survey using focus groups

Focus Groups help reveal certain hidden and subsurface connections that we
might overlook in other types of research [66]. For the results of the Focus Groups
to be meaningful, it was necessary to let the students express their differing opin-
ions eloquently using direct interaction [67]. Focus Group helped test new ideas,
attitudes, values, most remarkable observations, and “aha moments” listed below.
Individual agents are marked with the abbreviation A + No.

“Hierarchical position in human and wolf packs has its justified reason and thus
ensures the pack’s safety, food and well-being. Communication is clear and legible. Wolves
can use their strengths, and other team members compensate for their weaknesses; this
can be used well in the team as well.” (A32)

“Finding food is a matter of economics. It will help if you consume less energy with it
than you get from food. The longer you’re on the road, the less it pays off. So, does it make
sense to look for the shortest path?” (A17)

“I was interested in how the individual elements of the bee colony are perfectly inter-
connected: the bee colony will disappear without the mother, and the drones and the
mother will perish without the workers. The worker alone cannot survive low tempera-
tures, but the bee colony can easily survive severe frosts. Everything is linked together
like WBS.” (A78)

“Effective teamwork is clear from the wolves’ hunting strategy, it is worth analys-
ing the situation systematically rather than blindly chasing prey. Leadership transition,
coaching, and mentoring produce well-experienced future leaders.” (A65)

“Fox squirrels systematically store their supplies for the winter, sorting nuts accord-
ing to type and quality. Similarly, the project manager should manage the project
resources.” (A19)

Focus Groups revealed deeper mind structures and cognitive action of emotions,
specifically, how a particular impression affects attention, judgment, learning, and
memory. If a specific learning objective was connected with an experience, it was
better understood and remembered. It is clear from the participants’ statements
how students think about a problem, what opinions appear among them and what
influences their opinion. The Focus Groups showed what was attractive to the par-
ticipants and what they considered essential. They understood that time is critical
in Project Management, as costs and resources depend on time management. The
longer the project lasts, the more expensive it is. The most emotionally powerful
was the video experience in which the parasitic fungus Ophiocordyceps unilateralis
took control of Camponotus ants. Students understood that the learning process is
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continuous and could not finish in a single course. As a value-add, they also reported
reduced shyness, relationship building, creative skills increase, stress, fear, fatigue,
sadness or anger reduction.

4  DISCUSSION

The achievement test results indicate higher-point scores in the experimental
(UnivA) group. It is now possible to answer RQ1: Do forest parallels contribute to
increased student engagement and better outcomes? Student engagement can be
understood as a positive, fulfilling state of mind associated with vigour, dedication
and absorption and is manifested by active participation in academic activities and
constructive communication with teachers [3], [22], [28]-[30]. An appropriate way
to increase students’ engagement is to create conditions in which they formulate
and present their ideas, let them share their opinion and see how it fits into the sur-
roundings [70]-[72]. Questions can be asked: In your opinion, which part of project
management is your strong suit? The question is about them. Mass voting activated
every student when it was necessary to determine the level of understanding of the
whole class [31]-[32]. Voting was done simultaneously to ensure everyone voted
and no one slipped by without participating.

The alternation of visual, auditory and kinesthetic teaching styles also contrib-
utes to the increase in engagement; the teacher-as-researcher implemented at least
one activity for each learning style: illustrating concepts, taking notes, watching
educational videos (visual), listening to podcasts, discussions (audial), experiments,
movement in the forest (kinesthetic) [71]-[72].

The next step is to let students teach—giving them responsibility for the lecturing
part of the curriculum. Sometimes, the teacher broke down the lesson’s structure
and allowed students to choose how to proceed.

Issues that were explained analogously on parallels with wild animal habits
and behaviour, using action- and game-based learning and fieldwork increased
the interest and involvement of students. In addition, attractive environments, high
levels of immersion in these spaces and how the information is delivered increase
the long-term impact on knowledge gained and social values, corresponding with
other authors’ findings [73]-[80]. Also, the involvement of experts from the project-
oriented company and representatives of the employer sphere was desirable for
transferring new knowledge from the practice to the higher education institutions
and enabling a transition from school to the labour market. An expert from practice
presents some topics and complements the interpretation with work experiences
and the perspective of company practice [71]-[74].

4.1 Limitations and possible follow-up research

However, this study has limitations that could open future research avenues
within a possible longitudinal study.

Pedagogical reality is different from physical or biological reality, and therefore
experimentationin pedagogyis much more demanding than experimentation in tech-
nology or natural sciences [19], [42]-[45]. Controlling all the components (variables) in
a pedagogical experiment is almost impossible because teachers deal with a liv-
ing organism—a person [46]-[47]. Teaching students in such a way requires the
teacher’s deep interest and expertise in the life science field.
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Focus Groups also have limitations. Dominant individuals can influence the opin-
ion of the rest of the respondents. Some group participants may hide their points of
view; conversely, other participants express more radical ideas, while in a personal
conversation, they would not appear this way [66]. The presence of certain types of
participants in the group will also influence the speech and opinions of others. The
data obtained are also more demanding to analyse [67].

The Kolmogorov-Smirnov test also has several limitations: It is suitable for assess-
ing differences in the composition (structure) of two groups. It is applicable in the
case of so-called continuous random variables. However, when this test is applied
to discrete random variables, its efficiency drops significantly: the Shapiro-Wilk test
only works well in samples with many identical values [60]-[62].

This study is not a finished product - nor should it be given the constant research
and development in the market. Some elements of the program—particularly field-
work in nature—will require more time to achieve the appropriate level of effective-
ness. Nevertheless, as the program matures, course content and methodology will
continue to grow and evolve.

This paper aimed to compare the effectiveness of standard and experimental meth-
ods and approaches. Further research could encompass more parallels with nature and
involve more participants, preferably from ten different public or private universities.
It would create a reliable experimental plan where the results of all students taught
by one method would be compared with those of all students prepared by the other
method. However, this meta-analysis would be demanding to implement in practice.

Prior research studies using analogies with forests were minimal and focused
on business economics [81]. This limitation is a challenging opportunity for further
project management development. In addition, several research papers deal with
the teaching methods of project management [1], [15], [19], [24]-[26]. Nevertheless,
the purpose of this study was, among other things, to fill the gap with empirical
research that would look at things through students’ eyes.

4.2 Future project management pedagogy

Now it is possible to answer RQZ2: What are the findings and recommendations for
[uture project management pedagogy?

The student perspective should be considered in future pedagogy contexts within
the discipline. The transformation should encourage the exchange of ideas between
students and those who teach by involving the analogy method in daily education:
showing examples from the great outdoors, how to manage resources, work together
as a team, and how planning and looking for the shortest (i.e. cheapest) route pays.
Let group dynamics work, shift the relationship with students as learner-centred, and
teach students to use the proper techniques and tools for the right purpose. Lead them
to understand that the project is intended to deliver a valuable product to the organ-
isation that funds it. Processes and mechanisms of technology are the only means to
achieve the goal. Students must understand that clearly defined roles and responsi-
bilities of team members are essential; they learn to plan step by step and manage
the project in stages. Students should be encouraged to look at the “big picture” and
understand how the parts and pieces that make up the whole interact and influence
each other. It is crucial because some of the biggest challenges facing our world today
are the product of systems failure and require a systems approach to solutions.

The added value of nature-based activities is that students strengthen their rela-
tionship with green spaces and drive characteristics of self-efficacy, determination
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and independence, a sense of belonging to the community, tolerance and respect. This
interaction and the cooperative feature of activities lead to increased social inclusion,
lower isolation, greater trust, reciprocity, connectedness and social cohesion [34]-[36].
In line with transformative and social learning theories, educators must facilitate
project management students to become co-creators rather than simply recipients of
knowledge [19], [22]-[23]. Such requirements call for an emphasis on broader educa-
tional experiences. Changes in the institutions where project management is taught
are also desirable. For example, educators need to adopt a different way of teaching by
allowing engagement in project modules where students can become proactive prob-
lem solvers involving critical thinking. In addition, higher education institutions need
to change their business models by supporting flexible learning, preparing students
to meet real-world problems [82] and integrating them into the curriculum [83]-[84]

5  CONCLUSIONS

This research’s urgency is evident from the growing gap between students’ expecta-
tions and what universities are able or willing to provide [85]. Therefore, the learning
objectives of the project management course are focused on tools and techniques to
master the life cycle and procedures of planning, initiation, evaluation and termination
of the project, time-resource analysis, risks, changes and control mechanisms. Although
the objectives can be achieved through various methods, the research design of this
study is based on parallels between the project ecosystem and the forest ecosystem.
The rationale for this idea is that our world is made up of systems—from ecosystems
In nature to organisations and technologies in human society [9]. Moreover, systems
consist of interacting parts and relationships between those parts. Therefore, systemic
thinking means considering the whole and its interacting parts in context [10].

The link to RQ1,2 is as follows. First, the experiment revealed that if a specific
learning objective was bound up with experience, it was better understood and
remembered. The most emotionally powerful was the video experience in which
the parasitic fungus Ophiocordyceps unilateralis dominated the Camponotus ants.
Therefore, the students scored much higher on the unfair business practices in the
achievement test than their colleagues from the parallel (control) group. Second,
the more students observe from nature how to use resources and constraints, the
better equipped they are for managerial practice. Third, the outdoor environment is
informal [34]-[35], offering more suitable conditions for students to formulate and
present insights and observations. Everyone could contribute their opinion and see
how it fits into the group’s atmosphere. Finally, issues explained analogically with
parallels with forest dwellers increased student interest and engagement.

Recommendations for future project management pedagogy are based on the
study’s findings and designed in a flexible, multimodal methodology to meet a wide
range of students’ learning objectives and educational needs. This paper’s results
could be relevant for policymakers and stakeholders to develop successful strategies.
Interpersonal skills are increasingly crucial over technical skills and their possible
influence on managing complex oscillations within projects [86]. However, a partic-
ularly beneficial finding from this study is that those who need to learn such skills
(students) accept this reality. In addition, this study identified the need for higher
education institutions to rethink their way of integrating transferable skills into the
educational agenda at all levels, full potential in educating students in line with their
expectations and the growing demand for university education at a global level.
Finally, this experiment proves that training people according to naturally inspiring
principles that have worked for billions of years on earth makes sense.
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ABSTRACT

Web applications can be constructed to assess the executive functions and literacy skills of
preschool aged children using a variety of research protocols. This work describes such a web
application and its research protocol with tasks that screen inhibition, auditory and visual
working memory, letter sound connection, word identification, and cognitive flexibility. The
application was tested on a group of 65 preschoolers with cognitive deficits whose parents
were advised to allow their children to reattend kindergarten classes and a control group of
65 typically achieving peers of similar age and gender. The results revealed that children at
the age of four and five years old with cognitive deficits presented lower scores of correct
answers and larger latencies in all six tasks compared to children that participated in the
control group.

KEYWORDS
preschool children, web application screener, school readiness, executive functions

1  INTRODUCTION

Children’s executive functions (EFs) develop rapidly throughout the first five
years of life because they must learn to change their behavior in order to override
automatic or ingrained ideas and responses [1]. Infants go through physical and cog-
nitive changes. Infants’ brains develop more quickly than any other part of the body;,
and by the time they are five years old, they weigh around 90% as much as an aver-
age adult brain does [2]. The two hemispheres of the brain begin to differentiate and
they specialize in various tasks. The preschool years are when cerebral laterality
becomes more apparent. It is backed by the fact that preschoolers’ improved cogni-
tive skills are correlated with both brain growth and the amount of myelin covering
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their brain neurons. The brain regions with the slowest rate of development, the
prefrontal and frontal cortex, have been intimately associated with EFs.

In order to lay a crucial foundation for the development of higher cognitive
processes far into later life stages (such as adulthood), core EFs emerge during the
preschool years [2]. The various prefrontal cortex regions are closely linked to
the various aspects of goal-oriented behavior [3]. Several studies have presented that
the prefrontal cortex, which is in charge of EF development, increases noticeably
during early childhood development. As a result, the fundamental elements that
compose and serve as a key foundation for the formation of EFs can be identified
even in children as young as four years old [2][4].

The emergence of nearly all cognitive, behavioral, and social-emotional functions
occurs during sensitive times of fast brain development in infancy and early child-
hood [5]. The process of myelination, dendritic arborization, synaptogenesis, and
synaptic pruning occurs during this time, shaping and honing the brain’s expres-
sive networks [6]. The brain activity that controls these adaptive processes makes
them responsive to external, genetic, hormonal, and other stimuli [7]. The devel-
opment and the pattern of myelination follows a well-described neuroanatomical
arc, progressing from a posterior to anterior and center-outwards spatiotemporal
pattern that corresponds to maturing cognitive functions [7]. The myelination of
the brain areas and networks supporting a given cognitive function and its emer-
gence share a lot of similarities [8]. Many studies in this field demonstrate the signifi-
cance of white matter and cortical myelination for cognitive development and brain
plasticity (e.g. [9]).

The rest of this paper is organized as follows. Section 2 discusses EFs in detalil,
focusing on their assessment, particularly through computer-based tests. Section 3
presents the testing methodology used in this research. The results obtained are
presented and analyzed in Section 4. Final discussion and conclusions are given in
Section 5.

2  EXECUTIVE FUNCTIONS AND THEIR ASSESSMENT
21 EFs

Although EFs are frequently discussed in neuropsychological studies, there is
still no official definition of them. Contradictory results from studies examining the
various facets of this construct have frequently been obtained, leaving uncertainty
and even dispute over the genuine nature of executive talents [10]. The word “EFs”
refers to a broad range of cognitive processes that help with goal-oriented behavior
by controlling and coordinating information [11]. A more comprehensive definition
of EFs refers to a family of top-down mental processes required when one needs to
concentrate and focus attention in situations where depending on instincts or intu-
ition would be unwise, insufficient, or impossible [12].

Despite their complexity, there is a general understanding of the complexity and
significance of cognitive functions for adaptive behavior in humans. Cognitive skills
enable attention shifting and adaption to a variety of events in a continually chang-
ing environment, while also thwarting inappropriate behavior [10]. Inhibition,
attention shifting, updating, fluency, and planning are just a few of the higher order
cognitive processes that are involved in the complex construct known as EFs.
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The ability to control a response—or lack thereof—to a stimulus is referred to as
inhibition. The capacity to switch from one job to another is shifting. The ability to
monitor and control mental representations held in working memory is referred to
as updating. Fluency is the capacity to produce a predetermined number of words
in a predetermined amount of time based on semantic categories or phonemes. The
ability to conceive, assess, and choose a series of ideas in order to accomplish a goal
is referred to as planning.

The idea that EFs develop in a hierarchical fashion with attention serving as
the basis is put forth by several studies that look at the development of EFs from
infancy to the age of five years (e.g. [2]). According to early developmental EF stud-
ies, it is hypothesized that early simple skills like remembering information and
delaying a response during the first three years of life create the foundation of their
character [13]. According to the constructivist model of cognitive development, it is
maintained that these simpler components combine into more complicated processes
including inhibition, working memory, sustained attention, planning, rejecting dis-
tractions, and shifting that define mature EF abilities [3][14]. In accordance with this
idea, Garon et al. hypothesized that more complex abilities that develop later such
as shifting and planning are constructed from earlier abilities. For instance, shifting
requires working memory and inhibition in addition to the ability to shift [13].

Many studies suggest that EF skills are essential for children’s academic suc-
cess from early infancy to adolescence [15][16][17][18]. Since the child is once
again required to participate in regulated activities in a formal setting that call for
self-control during the transition to kindergarten, a successful adaptation to kinder-
garten is a crucial developmental cornerstone. Pre-literacy and mathematical rea-
soning are influenced by executive functions more than IQ in terms of preparedness
for the first grade, according to studies [19]. Research indicates that from elementary
school through high school, working memory and inhibition each independently
predict success in arithmetic and reading. As a result, it has been asserted that EFs
are crucial for academic success across all school years [19].

The academic outcomes of kindergarten were predicted by preschoolers’ levels of
inhibition and cognitive flexibility, according to research that followed Head Start pre-
schoolers through kindergarten. In another study including Head Starttoddlers, it was
discovered that EFs could predict improvements in math, vocabulary, and listening
comprehension throughout the preschool years [20]. Furthermore, throughout this
period of life, emergent literacy skills, including detection of letters and letter sounds,
manipulation of phonemes and identifying words can predict early reading devel-
opment and subsequent reading accomplishment [17]. Studies have demonstrated
that children who start school with impairments in language and emergent literacy
skills later commonly develop reading problems as well as underachievement in
middle school and beyond [17].

2.2 Assessment of EFs

There are several paper pencil tests that assess executive functions and read-
ing abilities of preschoolers to identify their school readiness. For example, in
order to assess inhibition skills, the developmental neuropsychological assessment
test NEPSY-II has an inhibition assessment subtest [21]. Furthermore, Wechsler
Preschool and Primary School Scale of Intelligence IV includes subcomponents that
assess working memory [22]. Cognitive flexibility can be measured by the semantic
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verbal fluency subtest that is included in Coimbra Neuropsychological Assessment
Battery [23], according to Diamond [24][25]. Well-studied assessments of phonolog-
ical awareness, phonological access, letter knowledge and print awareness are sub
scales of the Preschool Comprehensive Test of Phonological and Print Processing [26].

The use of computer-based neuropsychological assessment has been significantly
increased in clinical diagnosis practice across a variety of specialties, including the
evaluation of neuroscience and cognition learning disabilities [27], human com-
puter biological signals interaction [28], and neurologic patients [29]. It is possible
to precisely control variables for measuring cognitive functions, such as reaction
time, correct or incorrect responses, error types, and the administration of direct
stimuli, when using computer-based neuropsychological assessment to diagnose
various clinical disorders in neuroscience [27]. Children today appear to be more
engaged in their education, since they have access to electronic tools to help them
with their homework [27]. Information and communication technologies (ICT) in
education can improve the effectiveness and efficiency of teaching and learning
because they entail learning using technology rather than just learning about it [30].
A vital initial step in the effective prevention of developmental and socioemotional
difficulties is the early detection of speech, language, and behavioral impairments
or delays, and young children’s cognitive and linguistic development has an impact
on subsequent development and readiness for learning [27][31]-[36]. The best stud-
ied computer-based assessment for preschool aged children is CoPS. CoPS is con-
structed on eight test tasks: a task that assesses visual sequential memory for spatial
and temporal positions, a task that assesses visual memory for colors, a task for
visual sequential memory for shapes and colors, a task for visual sequential mem-
ory employing letter-like symbols, a task that assesses letter names and none word
names, a task that assesses auditory memory, a task for phonological awareness
and a task for auditory discrimination phonemes. CoPS is used mainly for cognitive
assessment and reading development [37].

2.3 Motivation and present study

In the present study, in order to assess EFs of preschoolers, a battery of test tasks
was constructed in order to assess their inhibition ability (by a go/no-go task), as
well as their visual and auditory working memory and their cognitive flexibility
(by a visuospatial task). Furthermore, apart from the core, two additional tasks of
school readiness were designed across the two main domains as an assessment of
reading abilities, by including a letter-sound correlation task and a word identifica-
tion task [38].

In the field of assessment of cognitive functions of kindergarten-age children,
web applications do not exist, to the best of our knowledge. The main goal of the
present research protocol was to construct a battery of tests that can be delivered
by internet in order to screen cognitive functions and literacy skills of preschool
children. This type of computer technology can be used nearly everywhere because
it can be automatically installed on any device with a web browser.

Since it is cross-platform by nature, there is no action required from the user in
the event of an update. A web application also doesn’t need proprietary software
that restricts it to a certain platform and has a quick development cycle, making it
easier to build and deploy than ordinary desktop applications. In addition, the size of
the community makes it possible to consider new functionalities to address growing
issues quickly.
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The hypothesis of the present study was that Greek preschoolers that are already
diagnosed by paper-and-pencil tests with cognitive deficits whose parents were
advised to allow their children to reattend kindergarten classes, will also present
lower performance and higher time latencies in both cognitive and reading tasks of
the web application screener.

3  RESEARCH METHODOLOGY AND IMPLEMENTATION
3.1 Participants

A total of 130 preschoolers participated in this study. More specifically, the chil-
dren recruited were 69 males four and five years old (M = 4.41 SD = 0.449) and
61 females four and five years old (M =4.79 SD = 0.415). The preschoolers with cog-
nitive deficits (N = 65) had been diagnosed by paper-pencil tests by the psychological
service of the Center of Diagnosis, Assessment and Support in Central Greece (as
required by Greek Law) and their parents were advised to allow their children to
reattend Kindergarten classes. The control group (N = 65) was formed by randomly
selected infants who attended the same Kindergarten with their average peers. They
presented typical academic performance according to their teachers’ ratings. All
preschoolers that participated in the present study did not have a history of major
medical illness, psychiatric disorder, or significant visual or auditory impairments
according to their medical records kept by the kindergarten. The participants of
the comparison group were matched for age and gender with preschoolers with
cognitive deficits (1 cognitive deficit: 1 control).

All participants were recruited after reading informative newspaper articles,
notifications regarding inside schools and attending informative school meetings. All
participants were selected from the region of Central Greece and took the test at the
computer laboratory of the Department of Informatics and Telecommunications of
the University of Thessaly. Preschoolers with cognitive deficits completed the test in
thirty minutes on average and typical achieving participants completed the screen-
ing procedure in twenty minutes on average. All human data included in this manu-
script were obtained in compliance with the Helsinki Declaration and the guidelines
of the Ethics and Deontology Committee of the University of Thessaly.

3.2 Material and procedure

A battery of six tasks was used to test each participant’s inhibition, auditory and
visual working memory, letter-sound association, word identification, and cognitive
flexibility. Children undertook one training activity to become familiar with the test-
ing technique before starting the main test procedure. Children had to click a picture
in the practice activity in order to operate the mouse and become accustomed to
the action.

The six tasks are described next:

a) Inhibition task: Children had to choose the target picture out of five that were

given randomly in the task during the test. The target pictures were presented
four times and the non-target pictures were presented ten times (see Figure 1).
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Fig. 1. Go/no-go task. Target picture (book), non-target e.g., scissors

b) Visual working memory task: Preschoolers had to remember 22 sequences of
numbers during this task. The first sequence included three numbers; the second
four numbers; the third five numbers; the fourth six numbers; the fifth seven
numbers; the sixth eight numbers. Participants were asked to report the numbers
with the use of a 0-9 numerical pad that was displayed. It is worth to mention
that if children could not remember two series of numbers in a row or three
series of numbers in general, the task was stopped (see Figure 2).

¢) Auditory and Visual working memory task: This task consisted of twenty two
sequences and was similar to the visual memory task, but the number sequences
were given auditorily (see Figure 2).

d) Letter-sound task: Children had to select the phoneme that was auditorily
delivered (10 phonemes) out of three graphemes.

Fig. 2. Visual (upper part) and auditory (bottom part) working memory task
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Fig. 3. Letter sound task (upper part) and word identification task (bottom part)

e) Word identification task: Children had to listen to a word (10 words in general)
and decide which was the correct between two words that were presented. It
must be highlighted that the words presented auditorily were commonly used
and consisted of two syllables (see Figure 3).

f) Cognitive flexibility task: This assessment comprised a series of ten diagrams or
patterns with a part missing and children were expected to select the correct part
to complete the designs out of three options (see Figure 4).

Fig. 4. Cognitive flexibility task. Pattern with a missing part in which children have to choose the correct
from the three that are presented on the right

It is important to point out that every preschooler was able to operate the pro-
gram successfully. From the first training task to the final testing procedure, they
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were able to operate the program with ease and efficiency because, prior to the
assessment tasks, an illustration of the requirements of the subsequent process was
provided to the kids.

Only technical concerns, such as entering the web application’s URL, were made
by the researchers.

3.3 Implementation

We deployed a client-server web application to provide a guided learning expe-
rience to students and to facilitate users with a unique browsing experience. Since
our web application can be accessed by multiple users simultaneously, there is a
constant communication demand between clients and the server that hosts the web
application. To be more precise, every time a student finishes all six tests, all the inter-
mediate results along with his/her basic personal information are saved for further
inspection. Based on that, we select a minimum set of web technologies considering
the maintenance, the reliability, and the performance of our web application. More
specifically, for the client-side (frontend) we select HTML5, CSS3 and JavaScript to
provide a user-friendly interface, while for the server-side (backend), we select PHP
and MySQL to handle data storage and application logic.

HTML is the main markup language used for presenting and structuring content
in a website. Its fifth version (HTML5) supports responsive design for mobile users,
better performance for a website and compatibility between browsers. Moreover,
the introduction of new tags replaces the need for installing third-party plugins for
audio and video features while it replaces code snippets from other programming
languages frequently used by web developers. For the beautification of our web
application, we used Bootstrap. Bootstrap is the most-popular CSS framework for
developing responsive web designs as it includes HTML and CSS design templates
for typography, navigation, buttons, and forms. We select a color representation,
keeping in mind simplicity to avoid confusing users, using green and white colors.
We also used the same color palette for each test while we add contrast to draw atten-
tion to certain parts of the page. The core functionality of our application (i.e. screen-
ing tasks) was implemented using Vue.js that is a progressive JavaScript framework
for building front-end interfaces. In Vue.js, a user can start a simple web page and
progressively add tools and features that are needed for a demanding and complex
web application like the one presented in this work. It also provides a way to build
components that encapsulate data or a state on the JavaScript and then connect that
state reactively in a template in HTML.

The back-end of our web application consists of a server, an application and a
database. We used the PHP programming language to generate dynamic page con-
tent and to handle the communication between the client and the server. With PHP
we managed to authenticate users using sessions and cookies that is one of the
cornerstones of web security. Different capabilities were given regarding the role
of each user. For instance, students can only enter their personal information and
answer the relevant tasks, while the administrator can inspect preschooler scores,
add new schools, create new classes etc. PHP also includes database support. Thus
we select the MySQLi PHP extension to connect to a MySQL server. Using the appro-
priate queries, we save student answers into the database to be used for statistical
analysis. Our web application has been enhanced to protect and secure sensitive
information that is passing through different types of online channels. To achieve
this, we implement secure SQL statements by using escaping and prepared state-
ments, we support input validation using data type, format and value validation
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from both front-end and back-end using JavaScript and PHP respectively, and we
apply multi-factor authentication and access control (e.g. a student is logged out
when he/she tries to access more sensitive features). As current privacy regulations
require the protection of sensitive data, we encrypt user personal information and
student answers. To achieve that we encrypt sensitive information using a strong
one-way hashing algorithm. The adaptive bcrypt password-hashing function was
selected which adds a random salt to prevent rainbow tables and dictionary attacks.
Finally, all data exchanged between clients and server were encrypted using the
HTTPS protocol.

3.4 Data analysis

Descriptive statistics were performed in order to obtain mean scores and stan-
dard deviations of participants for all six tasks, as the training test was excluded from
the statistical analysis. Prior to performing any statistical analysis, a Kolmogorov-
Smirnov test in order to find the normality of collected data, as well as a Levene’s
test for homogeneity of variances were calculated. Analysis of Variance was the
statistical analysis that was selected, due to the sample of the participants (N = 130)
and their splitting in two groups.

4  RESULTS

Analysis of Variance (ANOVA) was conducted to compare the scores of children
according to their group. Table 1 presents the mean scores and standard deviations
for the correct responses to the six tasks. Furthermore, the table presents time latency
and the statistical significance of the correct answers and time latency of children
with cognitive deficits versus the control group. It must be highlighted that in inhi-
bition tasks, visual and auditory working memory tasks latency was not measured.

Table 1. Mean scores and standard deviations of correct responses and time latency in seconds
with the associated statistical significance for all tasks

Groups
Mean SD Mean SD

Inhibition Task 1.11 1.13 2.38 0.93 49.284*
Visual Working Memory Task 0.68 0.66 1.15 1.31 6.923*
Auditory Working Memory Task 1.77 1.64 415 0.87 106.556*
Letter Sound Connection Task 4.20 0.93 6.09 1.11 83.588*
Letter Sound Connection Task Latency 0.64 0.51 0.45 0.26 7.154*
Word Identification Task 5.44 1.25 715 1.36 34.497*
Word Identification Task Latency 0.45 0.39 0.22 0.87 21.382*
Cognitive Flexibility Task 445 0.88 5.15 1.03 19.192*
Cognitive Flexibility Task Latency 1.32 0.51 1.20 047 1.292

Note: *p < 0.01.
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ANOVA revealed that children with cognitive deficits had statistically significant
(p <0.01) lower mean scores of correct answers in all six tasks compared to the con-
trol group. It must be noted that children with cognitive deficits presented statisti-
cally significant (p < 0.01) higher time latency in seconds for letter-sound connection
and word identification tasks in comparison to children that participated in the con-
trol group. Although children with cognitive deficits presented higher time latency
in seconds in cognitive flexibility in comparison to children that were recruited as
control group, we did not find statistically significant results (p > 0.05). It must be
mentioned that in inhibition task, auditory and visual memory tasks time latencies
were not calculated.

EFs develop particularly rapidly (as early as infancy) and undergo protracted
development into early adulthood as well as during the critical age period that was
examined. Because of the above, researchers decided to apply ANOVA to groups of
children according to their age. In more detail, it compared children of 4 years of
age with cognitive deficits only to their average peers and children with cognitive
deficits of 5 years of age to their respective average peers. The analysis revealed
that both groups of children with cognitive deficits presented statistically significant
(p < 0.01) lower scores in all six tasks in comparison to the control group. Also, they
presented statistically significant larger latencies (p < 0.05) in the three tasks for
which the time latency was recorded. Lastly, Cronbach’s alpha was measured in
order to find the internal consistency of all six tasks (not for latency) and was esti-
mated oo =0.77.

5  DISCUSSION

The web application screener that was used revealed significant differences
(p <0.01) in all six tasks that were constructed between preschoolers with cognitive
deficits and the control group. In more detail, preschoolers with cognitive deficits
presented statistically significant lower scores in comparison to the control group,
a result that verifies our first hypothesis. Furthermore, preschoolers with cognitive
deficits presented larger latencies in all three tasks for which time was recorded, in
comparison to the control group, but the statistically significant latencies (p < 0.01)
were observed during the letter sound connection task and word identification task,
whereas the latency of cognitive flexibility task did not present significant differ-
ences between the two groups of children. The latency of cognitive flexibility task
might be affected by the complexity of the diagrams and patterns that were chosen,
as participants in both groups had difficulties in choosing the correct answer. This
result partly verifies our second hypothesis.

However, it must be noted that through separation according to age (only chil-
dren of four years of age and five years of age with cognitive deficits and their
respective comparison group), it was observed that children with cognitive deficits
presented statistically significant lower scores (p < 0.01) in all six tasks and statisti-
cally significant larger latencies in three tasks for which time was recorded (p < 0.05)
in comparison to their average peers.

EF and school readiness skills are of utmost concern. In order to effectively pro-
mote school success for all children, it is necessary to better understand the underly-
ing factors which contribute to early lapses in school readiness. The purpose of the
current study was to present the relation between EFs of preschoolers and academic
readiness. The results confirmed our hypothesis for correct answers and partly for
higher latencies.
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The fact that children with cognitive deficits can be screened for using a
computer-based neuropsychological testing that is administered online was another
significant finding of the current study. Computers are increasingly being used in
psychology and education to identify children with EF problems. The main benefit
of computer-based systems over traditional diagnostic techniques is the accuracy of
the evaluation of cognitive abilities. Computers can significantly reduce the amount
of time and effort required by scoring performance in terms of accurate or errone-
ous answers as well as time lag [30].

In a meta—analysis Sala and Gobet showed that training studies based on work-
ing memory intervention led to improvement in working memory [44]. Motivation
likely plays a crucial role in determining training success. Previous research has
shown better training success in children with gamified designs [45][46]. Web appli-
cations could be beneficial not only in screening but also as intervention programs
by targeting the “players” motivation with training core mechanisms of EFs [27][47].

A diagnosis made by a qualified professional, or even better, by a multidisci-
plinary team of experts with a variety of talents, such as psychologists, educational
diagnosticians, or other licensed professionals, cannot be totally replaced by a web-
based exam screener. It is preferable for an efficient assessment of a student’s abili-
ties, limitations, level of academic performance at the time and eligibility for special
education services. The interdisciplinary team that may conduct assessments may
also design the intervention program that kindergarten students and infants with
low academic success must adhere to [38][48]. The web-based screeners, on condi-
tion that are valid, can only be a supporting tool at the diagnosis.

In reviewing the findings of this investigation, the reader should bear in mind
some of the study’s methodological limitations. First, despite the fact that all partic-
ipating preschoolers with cognitive deficits had received a formal diagnosis from
a state diagnostic facility, the study team was unable to access their results of the
diagnostic tests due to the applicable data privacy legislation. Furthermore, causal-
ity conclusions should be avoided because the data were collected at a single time-
point. To confirm these results, answer the causation query, and determine whether
one process influences another over time, more longitudinal study is necessary.
Second, we tried to design and implement a web application that measured EFs and
pre-literacy abilities of preschoolers drawn from theoretical models and did not use
well-established paper pencil tests in order to combine our findings.

In conclusion, the pre-literacy and EF web application screener created and
employed for the current research protocol can be used as a screening tool to give
first-pass service and referral. Additionally, this research supports previous findings
that children with low academic achievement have problems not only with language
skills but also with more fundamental capabilities like cognitive ability. Before its gen-
eral adoption can be advised, the screening technique must also undergo a rigorous
psychometric evaluation, the validity of the results of which are now being developed.
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ABSTRACT

The transformation of university teaching towards a competency acquisition approach
requires an update of teaching methodologies. In the case of laboratory practices, the applica-
tion of the Problem-Based Teaching methodology encourages students to apply their knowl-
edge to solve problems based on real situations, as well as efficient communication in a work
environment. This paper presents the results obtained by applying this alternative teaching
methodology to a laboratory practice in the last year of the Degree in Industrial Chemical
Engineering at the University of La Laguna. The results confirm a greater theoretical under-
standing of the concepts and the ability to apply them in practice, with a notable increase in
motivation and interest in their learning process.

KEYWORDS
motivation, cooperative learning, higher education, Chemical Engineering

1  INTRODUCTION

The convergence of university education to the European Higher Education Area
(EHEA) has produced a transformation in learning practices based on active meth-
odologies and collaborative processes, rather than on simple “encyclopaedic” and
memorial learning, which calls for a real challenge on how engineering education
should be approached [1]. Critical thinking, troubleshooting, autonomy, self-reliance,
and communication are skills that are highly valued by the business sector, and
the curricula of the subjects taught in Chemical Engineering degrees aim to perfect
these skills in those subjects that are mainly practical. However, employers detect
deficiencies in these skills in Chemical Engineering graduates [2]. Moreover, tradi-
tional learning must be transformed in order to adapt graduates to the current chal-
lenges of society such as technical globalization. In other words, teaching must not
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only offer a reinforcement of the practical contents of the degrees, but also improve
the connection between theoretical and practical contents [3]. The development
of certain professional skills requires the introduction of new learning innovation
methods. Problem-based learning, self-learning and the introduction of collabora-
tive activities among students are new learning methodologies that are beginning
to be widely applied in engineering learning [4]. In practical disciplines such as
Chemical Engineering, key skills and transversal competencies can be acquired
through problem-based learning [5]. Problem-based learning (PBL) is an educational
approach that uses real-world problem solving to enhance students’ motivation as
well as to promote the assimilation of concepts they need to know [3].

Problem-based learning is built on a socio-constructive learning framework [6],
which is based on posing an open-ended problem to students without an obvious
solution. In this scenario, students in a guided learning period must plan how to
find and implement a solution. This type of methodology allows students to conduct
research, integrate theory and practice, and apply knowledge and skills to develop
a feasible solution to a defined problem [7]. The PBL methodology can be structured
in three phases (I) problem analysis and diagnosis, (II) autonomous study of the
problem and (IIT) solution proposal, which allows students to acquire the new com-
petencies that will be required in their professional exercise [8].

The role of the learner in problem-based teaching methodology is completely dif-
ferent from the traditional role where the learner acts as a supervisor and transmit-
ter of knowledge. In problem-based teaching, the teacher must create or design an
appropriate environment for students to manage their own learning and explore
the relevant subject matter [9]. The aim of this methodology is to enable students to
learn how to apply theoretical concepts in realistic and complex situations, while the
teacher provides the necessary guidance for students to achieve the desired results [2].
Under this new scenario, student motivation and commitment are key to achieving
the objectives set. Motivation is a broad and complex field of work, being a key fac-
tor when designing and applying the problem-based learning methodology [10].
However, most authors confirm that giving learners control over their learning sig-
nificantly increases their motivation [2], [11], [12]. In this learning context, reinforc-
ing student motivation is key for students to fully enjoy the methodology.

In recent years, the use of problem-based learning has become very common in
engineering education curricula. For example, at the University of Minho (Portugal)
a multidisciplinary system was implemented in the first year of the Master of
Engineering and Industrial Management curriculum [13], [14]. At the University of
Brasilia (Brazil), the PBL methodology is used in the final year of the master’s degree
in chemical engineering [15] and at the University of Seville it has been used for
the design and development of a pilot plant project [1]. And it has been applied
in various fields such as cloud computing [16], physics [17], and even elementary
education [18]. All authors have reported improved learning, increased student par-
ticipation and that PBL seems to be the way forward to improve the skills of students.

The laboratory practice subjects are key in the training of a Chemical Engineer, as
they provide a practical component necessary in their professional practice. In tradi-
tional systems, students follow a preconceived experimental procedure designed by
the instructor where the results are expected, and the methodology is based on learn-
ing through data collection and analysis. However, it does not reinforce the connec-
tions between theory and the real world, preventing the development of new skills
for the students. Clearly, during the first years of the degree, it is necessary to main-
tain a standard methodology for students to acquire and internalise basic concepts as
already included in most chemical engineering curricula [19]. However, it is important
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to change the philosophy of the practical subjects during the final years so that students
reflect on the knowledge acquired and allow them to develop the new skills required
by the industrial sector. Recently, at the University of British Columbia, PBL. methodol-
ogy has been implemented in practical subjects, which consisted of confronting stu-
dents with a real problem in order for them to decide and design an analysis plan that
would allow them to draw their own conclusions [2]. The results found show that the
approach used allows for the promotion of all the new skills described above.

The aim of this study is to analyse problem-based learning in the development of
a laboratory practical in final year students of the Degree in Chemical Engineering,
focusing on the students’ impressions when faced with a real problem and on the
improvement in the assimilation of the concepts developed in the practical.

2  MATERIALS AND METHOD
2.1 Experimentation in Industrial Chemical Engineering II

The problem-based learning methodology was analysed in a laboratory prac-
tice that is part of the subject Experimentation in Chemical Engineering II, which
is taught in the last year of the Chemical Engineering Degree at the University of
La Laguna. It has a total of 6 ECTS credits. The competencies to be developed in the
subject according to order CIN 351/2009, which establishes the requirements for
the verification of university degrees that enable Industrial Technical Engineers to
practise professionally, are described in Table 1.

Table 1. Competencies of the subject Experimentation in Chemical Engineering II

Type Skills

Specific Ability to design and manage applied experimental procedures, especially for
the determination of thermodynamic and transport properties and modelling
of phenomena and systems in the field of chemical engineering, fluid flow
systems, heat transfer, matter transfer operations, kinetics of chemical
reactions and reactors.

Generals Knowledge of basic and technological subjects, enabling them to learn new
methods and theories, and giving them the versatility to adapt to new situations.

Ability to solve problems with initiative, decision-making, creativity, critical
thinking and to communicate and transmit knowledge, skills and abilities in
the field of Industrial Chemical Engineering.

Knowledge for carrying out measurements, calculations, valuations, appraisals,
valuations, surveys, studies, reports, work plans and other similar work.

Ability to work in a multilingual and multidisciplinary environment.

Transversals Ability to analyse and synthesise.

Ability to organise and plan time.

Ability to oral expression.

Ability to write expression.

Ability to apply knowledge to practice.

Ability to work effectively in a team.

(Continued)
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Table 1. Competencies of the subject Experimentation in Chemical Engineering II (Continued)
Type Skills

Basic Students have demonstrated knowledge and understanding in an area

of study that builds on the foundation of general secondary education,

and is usually at a level that, while relying on advanced textbooks, also
includes some aspects that involve knowledge from the cutting edge of their
field of study.

That students know how to apply their knowledge to their work or vocation
in a professional manner and possess the competencies that are usually
demonstrated through the elaboration and defence of arguments and problem
solving within their area of study.

Students have the ability to gather and interpret relevant data (usually within
their area of study) in order to make judgements that include reflection on
relevant social, scientific or ethical issues.

Students are able to transmit information, ideas, problems and solutions to
both specialised and non-specialised audiences.

That students have developed those learning skills necessary to undertake
further studies with a high degree of autonomy.

Source: Modification report of the Degree in Industrial Chemical Engineering (2020).

The subject analysed is mainly a practical one that aims to train students in the
following:

— The production of process flow diagrams.

— Classification and description of industrial scale equipment.

— Conducting experiments and interpreting and analysing the data obtained on
matter transfer, chemical reactions, and environmental technology.

— Carrying out group work.

— Written communication.

The development of this course has been based on the classical methodology
of practical learning. The students have a pre-established practice script in which
the steps to follow during the practice are indicated, the data to be obtained after
its completion and a series of questions to answer based on the data obtained.
The operating conditions in each of the practical exercises are pre-established
and students do not have the possibility of varying any of the process parame-
ters. The problem-based learning methodology was proposed in a new practice
in this subject that allows the active participation in the process by the students,
making them the protagonists of their own learning with the manipulation of
most of the key parameters that had to do with the practice. Only two parame-
ters were set: one for purely operational reasons; the other, in order to be able to
compare results between groups. In this way, when students are confronted with
a real case in which they have to provide a solution to a given problem and that
solution depends solely on the work they do during the course of the class, all
the competencies of the order CIN 351/2009 can be covered. Specifically, the use
of the PBL methodology allows the development of the ability to solve problems
with initiative, decision-making, critical reasoning and to communicate and trans-
mit knowledge, skills and abilities in the field of Industrial Chemical Engineering,
in addition to all the basic competencies.
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2.2 Experimental installation

The experimental plant consisted of 6 pressure tubes containing nanofiltration
and reverse osmosis membranes (3 nanofiltration and 3 reverse osmosis) installed
as shown in Figure 1. The pressure pipes are not identified, so that the student can-
not visually distinguish the membranes of each type. The system is fed with mains
water, driven by two commercial “boost” pumps. It should be noted that mains water
on the Tenerife Island is generally characterised by a high ion content. For the appli-
cation of the pressure required, a needle valve located in the general process outlet
stream was used. The system is set to a working pressure of 6 bar and operated in a
closed circuit. The performance of the process is determined by two parameters: ion
removal and water recovery. The first is calculated from experimentally measured
electrical conductivity data in the product water (hereafter referred to as permeate)
and in the feed. The second is obtained from the experimental determination of
the overall permeate and reject flows. From these values, the percentage of process
water recovery or recovery (ratio of product water flow obtained to feed flow) is
determined.

Fig. 1. Experimental unit

The experimental installation allowed for the versatile and agile modification of
the pipes, both to characterise the membranes individually and to test all the config-
urations proposed by the students.

2.3 Description of the learning methodology applied

The problem-based learning methodology was implemented in the subject
described above by means of the resolution of an industrial problem by the students
during a practical session lasting 2 hours. The total number of students enrolled in the
subject was 25. Figure 2 shows the flow chart of the teaching methodology applied.

Description of Autonomous Sharing
the actual testing of students Report
problem and . to solve the . writing . stIS ggr%tgu

plant problem.

Fig. 2. Learning methodology
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First, the students were tested on their prior knowledge to find out how well
they had assimilated the theoretical concepts used in practice. The test consisted of
5 single-choice questions.

In the practical session, each group of three students was presented with a reverse
osmosis and/or nanofiltration membrane installation already installed, the configu-
ration of which did not allow them to obtain a product water that met the quality
objectives already set by the lecturers (90% ion removal compared to the feed water).

After an orientation on the operation of the plant and a check that the students
had the necessary background knowledge, they were first asked to determine the
ion removal rate of the already installed configuration to know where they were
starting from. Once the students found that the original process configuration did
not meet the quality requirements, it was suggested that they analyse each of the
membranes individually, as a starting point to come up with an alternative solution
that would improve the product water performance, reach the quality target, and
maximise water recovery in the process.

To reach the possible solutions, the students should select, according to their cri-
teria, both the membranes to be used and the order of the membranes, analysing in
each case the results obtained, and progressively orienting themselves towards the
optimal configuration. On average, the working groups tested 4 configurations.

After recording the values obtained in the laboratory, the working group pro-
duced a report detailing the process followed, the identification of the membranes
and the justification, based on experimentation and supported by theoretical
knowledge, of the configurations chosen to arrive at the optimal solution, such as
the phenomena that prevented certain tested configurations from not giving an
acceptable result.

Finally, in a collective session, each of the working groups presented the config-
uration they considered optimal among those tested, justifying their decision in a
reasoned manner. After presenting all the solutions, the students repeated the initial
test to find out the degree of assimilation of the same concepts after carrying out the
practice. The difference in the score of this test was used as an indicator of the effec-
tiveness of this type of teaching methodology.

3 RESULTS AND DISCUSSION
3.1 Evaluation of acquired knowledge

The purpose of the practical course is not to provide new knowledge since this
knowledge is developed in theoretical subjects of the syllabus of the Degree in
Chemical Engineering at the University of La Laguna. The practical course aims to
apply this knowledge and to transmit other competencies to the students. However,
it was considered appropriate to assess the previous knowledge acquired by the
students in a traditional theoretical class and the knowledge assimilated through the
alternative system of problem-based learning.

The assessment of the knowledge acquired was developed by means of a multi-
choice test questionnaire with a single correct option where the student is asked sim-
ple questions on how they should modify operating conditions to achieve a desired
objective. Figure 3 shows the percentage of correct answers to each of the ques-
tions before and after the laboratory practice. In the pre-questionnaire, the students’
results were rather low, as the percentage of correct answers shows. In the first 4
questions, more than half of the students answered incorrectly, showing that they
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had not internalized basic knowledge from previous theoretical subjects. Once the
laboratory practice had been carried out by means of problem-based learning, the
results improved notably, with a high percentage of correct answers exceeding 50%
in all cases.

The results highlight the importance of practical subjects as they help students
to assimilate knowledge better by being able to understand the concepts taught in a
theoretical way. Furthermore, the results show that the problem-based methodology
allows students to transfer theoretical knowledge to practical cases and to interre-
late concepts taught in different theoretical subjects in order to prepare students for
their professional exercise. The concepts assimilated when students are confronted
with a case study in which they have to propose a solution are internalised more
deeply, allowing for greater assimilation because they are made to “think outside the
box” [20]. Moreover, since it is a real problem where there is no single solution, or at
least no obvious solution, it encourages critical analysis by students and collaborative
learning where the solutions of classmates help to support global knowledge. In the
development of the practice, critical debates were established between the members
of the working group, allowing each of them to present their knowledge and reflec-
tions on the process to the rest of the group members in order to find an optimal
solution to the problem posed. The pedagogical exercise carried out by the partici-
pants themselves allows them to assimilate and internalise the knowledge acquired.

100 :
| | ] prior
90 4 | [ After

80

70
60
50

40

Correct answers (%)

30
20

10 +

0

1 2 3 4 5
Question

Fig. 3. Results of the test evaluation carried out prior to and after the practical sessions

3.2 Evaluation of acquired knowledge

The quantification of the skills acquisition by the students is not a simple task
since many of them are not directly quantifiable. In order to evaluate the compe-
tencies, the students carried out a survey on their perception of the acquisition of
competencies, in which they had to respond on a Likert scale of 1 to 5 (1 is not
very satisfied and 5 is very satisfied). Table 2 summarizes the percentages of student
responses to each of the questions. A fairly high degree of satisfaction was obtained
for most of the questions, with an average of 4.5 out of 5 for all questions.
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Table 2. Survey results

% Answer According to Rating

Question

1 2 3 4 5
The development of the internship has helped me to learn how to 8 16 76
deal with a real case.
The material in the practice script was sufficient to solve 12 8 40 40
the problem.
The sharing has helped me to understand the problem and to 24 72
propose a solution.
I consider that for this type of practice it is better to do it in a group. 8 92
[ consider it appropriate to use this type of methodology to learn by 24 76
solving real cases.
[ prefer this type of laboratory practice to more conventional ones. 4 20 76
The knowledge acquired in previous subjects has helped me to 4 16 24 40 16
solve the Initial questionnaire without any problems.
My knowledge in previous subjects has helped me to solve the 4 12 28 40 16
problem solved.
This methodology has increased my motivation to carry out 20 80
the practice.
The teaching staff involved has served as a guide for the resolution 24 76
of the proposed problem.

The majority of students consider that the development of the internship has
helped them to learn how to deal with a real case and that the shared session has
helped them to understand the problem and propose an optimal solution. Reflecting
that, according to the opinion of the students, the development of the internship has
allowed them to acquire methods that provide them with versatility to adapt to new
situations, bringing them closer to their professional practice. The results are consis-
tent with what was described in the previous section regarding “thinking outside the
box” and the internalisation of knowledge when presenting their ideas and findings.

It is remarkable how some students, around 20%, indicate that the theoretical
knowledge acquired in previous subjects has not made it easier for them to solve the
proposed case or the previous questionnaire. This is one of the main challenges of
university education today, as some students memorise theoretical concepts without
being able to transfer these concepts to their professional practice. A percentage of stu-
dents (12%) considered that the practice guide was not sufficient to solve the problem,
when it was a brief summary of the basic concepts. The students expected a detailed
guide to help them solve the proposed case, as is done in traditional laboratory practi-
cal. However, providing such information would have slowed down the critical think-
ing and self-learning process as reflected in the results in Figure 3.

One of the objectives set in the achievement of the laboratory practice is the devel-
opment of the students’ group work and their collective self-learning. The results of the
survey show that students value positively the development of the practice in working
groups and their preference for this type of laboratory practice as opposed to traditional
systems based on following a written procedure and collecting data to produce a final
report. The problem-based methodology applied in the laboratory practice has allowed
them to develop decision-making skills with critical reasoning, encouraging creativity
to reach a solution that they had to communicate and transmit to their classmates.
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The proposed methodology allowed students to acquire skills in the design and
management of experimentation procedures, as they themselves had to propose the
methodology to be followed within a given time. Obviously, the teacher had to chan-
nel these ideas and act as a guide, this being a key role in the process. The students
valued very positively the work of the teacher in the development of the practice.

In summary, the development of this new methodology enables students to
acquire and internalize practically all the competencies described in the CIN Order
351/2009, which are summarised in Table 1.

3.3 Student evaluation of the methodology used

Problem-based methodology is a powerful pedagogical tool that teachers can use
for the acquisition of new skills [2]. However, it is appropriate to know the students’
opinion about this methodology since it represents a break from the traditional sys-
tems that are highly implemented in educational systems. In order to evaluate the
proposed methodology, the students completed a survey in which they had to rate
different aspects of the development of the practice on a Likert scale from 1 to 5.
The results are shown in Figure 4.

Objective

Content

Learning Process

Methodology

Time

Fig. 4. Student evaluation of the methodology applied

Students rate the proposed methodology very positively, giving it an average
score of 4.47 out of 5. The results reveal that students prefer this type of methodology
to traditional systems when carrying out laboratory practicals.

In the same survey, the students could add comments regarding their impressions
of the proposed methodology. The results mostly value positively the group work
and the possibility of facing a real case that has allowed them to know the degree
of assimilation of concepts acquired during their learning stage. Furthermore, it is
emphasised that the system seems to them to be novel and highly dynamic, which
generates a high level of motivation. It should also be noted that the students were
unaware of the Problem-Based Learning methodology. In order to analyse the stu-
dents’ impression of the new methodology, they were asked to choose from a total
of 8 concepts/adjectives (positive and negative) those with which they would qual-
ify the methodology used in practice. Figure 5 shows the number of times students
chose each of them.
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Number of answers

Fig. 5. Adjectives/concepts proposed for the description of the methodology followed
according to the students’ vision

“Motivation” is the concept most frequently chosen by students, followed by
“Realism”. “Self-learning”, “Dynamism”, “Applied teaching” and “Innovative” also
stand out. The adjectives “Complicated” and “Useless” were the least chosen. These
results show that the pupils consider this methodology to be clearly positive, enabling
them to achieve self-learning in a motivating and dynamic way:.

4  CONCLUSIONS

The manuscript evaluates the methodology of problem-based learning in
the development of a laboratory practice in the last year of Industrial Chemical
Engineering. The results show that this methodology improves the acquisition and
internalisation of theoretical knowledge and its applicability to the resolution of real
problems in the case of fourth-year students of the Degree in Industrial Chemical
Engineering at the University of La Laguna. In addition, the proposed learning sys-
tem in which students were faced with a real problem, without an obvious solution,
encouraged critical analysis by the students and collective learning, allowing them
to acquire knowledge in a more profound way. The students’ assessment of this
methodology is positive, and they even propose that it should be implemented in the
rest of the practical subjects in the current degree program, as they consider it to be
a way of encouraging student motivation and interest.

5 ACKNOWLEDGEMENTS

This manuscript has been produced thanks to a grant from the project “El
alumnado ante un caso real: Analisis de un proceso de desalacion de agua salo-
bre” awarded to the authors in the call for Innovation and Educational Transfer
Projects (PITE) to be developed in the academic year 2022-2023 promoted by the
Vice-Rectorate for Teaching Innovation, Quality and Campus Anchieta (VICINCAL)
of the University of La Laguna for the academic year 2021-2022.

International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 13 No. 6 (2023)


https://online-journals.org/index.php/i-jep

JEP [Vol. 13 No. 6 (2023)

6

(1]

(2]

(10]

(11]

(12]

(13]

(14]

[15]

Problem-Based Learning. Application to a Laboratory Practice in the Degree of Industrial Chemical Engineering

REFERENCES

F. Vega and B. Navarrete, “Professional design of chemical plants based on problem-
based learning on a pilot plant,” Education for Chemical Engineers, vol. 26, pp. 30-34,
2019, https://doi.org/10.1016/j.ece.2018.08.001

R. Vaez Ghaemi and G. Potvin, “Experimenting with labs: Practical and pedagogical
considerations for the integration of problem-based lab instruction in chemical engi-
neering,” Canadian Journal of Chemical Engineering, vol. 99, no. 10, pp. 2163-2172, 2021,
https://doi.org/10.1002/cjce.24136

Y. Hu and C. Li, “Implementing a multidimensional education approach combining
problem-based learning and conceive-design-implement-operate in a third-year under-
graduate chemical engineering course,” | Chem Educ, vol. 97, no. 7, pp. 1874-1886,
2020, https://doi.org/10.1021/acs.jchemed.9b00848

J. Uziak and V. P. Kommula, “Application of problem-based learning in mechanics of
machines course,” International Journal of Engineering Pedagogy, vol. 9, no. 1, pp. 68-83,
2019, https://doi.org/10.3991/ijep.v9i1.9673

W. Chen, U. Shah, and C. Brechtelsbauer, “The discovery laboratory — A student-centred
experiential learning practical: Part I — Overview,” Education for Chemical Engineers,
vol. 17, pp. 44-53, 2016, https://doi.org/10.1016/j.ece.2016.07.005

H. Ju, I. Choi, B. Doo Rhee, and J. Tae-Lee, “Challenges experienced by Korean med-
ical students and tutors during problem-based learning: A cultural perspective,”
Interdisciplinary Journal of Problem-based Learning, vol. 10, no. 1, 2016, https://doi.org/
10.7771/1541-5015.1565

J. R. Savery, “Overview of problem-based learning: Definitions and distinctions,”
Interdisciplinary Journal of Problem-Based Learning, vol. 1, no. 1, 2006, https://doi.org/
10.7771/1541-5015.1002

A. M. Ruiz-Ortega, J. ]. Gallardo-Rodriguez, E. Navarro-Lopez, and M. del C. Cerén-Garcia,
“Project-led-education experience as a partial strategy in first years of engineering
courses,” Education for Chemical Engineers, vol. 29, pp. 1-8, 2019, https://doi.org/10.1016/
j.ece.2019.05.004

R. Wood, A. McGlashan, C. B. Moon, and W. Y. Kim, “Engineering education in an inte-
grated setting,” International Journal of Engineering Pedagogy, vol. 8, no. 3, pp. 17-27,
2018, https://doi.org/10.3991/ijep.v8i3.7857

]J. Castelan and R. D. Bard, “Promoting PBL through an active learning model and the
use of rapid prototyping resources,” International Journal of Engineering Pedagogy,
vol. 8, no. 4, pp. 131-142, 2018, https://online-journals.org/index.php/i-jep/article/
view/8281/5013

B. D. Jones, M. K. Byrnes, and M. W. Jones, “Validation of the MUSIC model of academic
motivation inventory: Evidence for use with veterinary medicine students,” Front Vet
Sci, vol. 6, 2019, https://doi.org/10.3389/fvets.2019.00011

L. A. Jesper, J. E D. Nielsen, and C. Zhou, “Motivating students to develop satellites in prob-
lem and project-based learning (PBL) environment,” International Journal of Engineering
Pedagogy (JEP), vol. 3, no. 3, p. 11, 2013, https://doi.org/10.3991/ijep.v3i3.2529

S. Fernandes, M. A. Flores, and R. M. Lima, “Students’ views of assessment in project-led
engineering education: Findings from a case study in Portugal,” Assess Eval High Educ,
vol. 37, no. 2, pp. 163-178, 2012, https://doi.org/10.1080/02602938.2010.515015

S. Fernandes, D. Mesquita, M. A. Flores, and R. M. Lima, “Engaging students in learning:
Findings from a study of project-led education,” European Journal of Engineering Education,
vol. 39, no. 1, pp. 55-67, 2014, https://doi.org/10.1080/03043797.2013.833170

R. M. Lima, D. Mesquita, and L. Coelho, “Five years of project-based learning training
experiences in higher education institutions in Brazil,” in 6th International Research
Symposium on PBL (IRSPBL’ 2017), 2017, pp. 470-479.

International Journal of Engineering Pedagogy (iJEP) 149


https://online-journals.org/index.php/i-jep
https://doi.org/10.1016/j.ece.2018.08.001
https://doi.org/10.1002/cjce.24136
https://doi.org/10.1021/acs.jchemed.9b00848
https://doi.org/10.3991/ijep.v9i1.9673
https://doi.org/10.1016/j.ece.2016.07.005
https://doi.org/10.7771/1541-5015.1565
https://doi.org/10.7771/1541-5015.1565
https://doi.org/10.7771/1541-5015.1002
https://doi.org/10.7771/1541-5015.1002
https://doi.org/10.1016/j.ece.2019.05.004
https://doi.org/10.1016/j.ece.2019.05.004
https://doi.org/10.3991/ijep.v8i3.7857
https://online-journals.org/index.php/i-jep/article/view/8281/5013
https://online-journals.org/index.php/i-jep/article/view/8281/5013
https://doi.org/10.3389/fvets.2019.00011
https://doi.org/10.3991/ijep.v3i3.2529
https://doi.org/10.1080/02602938.2010.515015
https://doi.org/10.1080/03043797.2013.833170

Diaz et al.

150

[16] I Syamsuddin, “Problem based learning on cloud economics analysis using open source
simulation,” International Journal of Online Engineering, vol. 12, no. 6, pp. 4-9, 2016,
https://dol.org/10.3991/ijoev12i06.5147

[17] Darmaji et al., “E-module based problem solving in basic physics practicum for science
process skills,” International journal of online and biomedical engineering, vol. 15, no. 15,
pp. 4-17, 2019, https://doi.org/10.3991/jjoe.v15i15.10942

[18] T. T. D. Susanto, P. B. Dwiyanti, A. Marini, J. Sagita, D. Safitri, and E. Soraya, “E-book
with problem based learning to improve student critical thinking in science learning
at elementary school,” International Journal of Interactive Mobile Technologies, vol. 16,
no. 20, pp. 4-17, 2022, https://doi.org/10.3991/ijim.v16i20.32951

[19] M. (John) Zhang, C. Newton, J. Grove, M. Pritzker, and M. Ioannidis, “Design and assess-
ment of a hybrid chemical engineering laboratory course with the incorporation of
student-centred experiential learning,” Education for Chemical Engineers, vol. 30, pp. 1-8,
2020, https://doi.org/10.1016/j.ece.2019.09.003

[20] A.T. Harris and S. Briscoe-Andrews, “Development of a problem-based learning elective
in ‘green engineering,” Education for Chemical Engineers, vol. 3, no. 1, 2008, https://doi.
0rg/10.1016/j.ece.2007.12.001

7  AUTHORS

Oliver Diaz. Since January 2017 to 2022, Plant manager to SUEZ WTS in the
“Sistema Comarcal de Abastecimiento Urbano del NorOeste de Tenerife”. Since 2023,
Assistant Professor of Department of Chemical Engineering at the Chemistry Section
of Faculty of Science, La Laguna University. Key research topics have concerned
biological and membrane processes applied to tertiary wastewater treatment. Most
research papers have been focused on developing membrane bioreactor technology,
through the development of new operating strategies and advanced understanding
of fouling mechanisms (email: odiazlop@ull.edu.es).

Elisabet Segredo-Morales. Teaching in the Chemical Engineering and
Environmental Sciences degrees at the University of La Laguna since 2023. Key
research topics have concerned biological and membrane processes applied to ter-
tiary wastewater treatment. Most research papers have been focused on developing
membrane photobioreactor technology, through the development of new operat-
ing strategies. She has also been focused on the field of formulation of injectable
systems for the improvement of bone regeneration in osteoporotic conditions and in
the release of bioactive substances (marked with radioactive isotopes or not) inside
these systems (email: esegredm@ull.edu.es).

Enrique Gonzdalez is an Assistant Professor in Chemical Engineering at the
Chemistry Section of Faculty of Science, La Laguna University since February 2017.
10 years of post-doctorate experience in academic and industrial research in waste-
water treatment technology. Co-investigator on two Spain research council-sponsored
programs on membrane bioreactors. Research member in 7 contracts or research
agreements with other local institutions or water companies. Key research topics
have concerned biological and membrane processes applied to wastewater treat-
ment and reuse. Most research papers have been focused on developing mem-
brane bioreactor technology, through the development of new operating strategies,
advanced understanding of fouling mechanisms and application of rotating mem-

branes (email: eglezc@ull.es).

International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 13 No. 6 (2023)


https://online-journals.org/index.php/i-jep
https://doi.org/10.3991/ijoe.v12i06.5147
https://doi.org/10.3991/ijoe.v15i15.10942
https://doi.org/10.3991/ijim.v16i20.32951
https://doi.org/10.1016/j.ece.2019.09.003
https://doi.org/10.1016/j.ece.2007.12.001
https://doi.org/10.1016/j.ece.2007.12.001
mailto:odiazlop@ull.edu.es
mailto:esegredm@ull.edu.es
mailto:eglezc@ull.es




iJEP —Vol. 13, No 6, 2023

Imprint

iJEP - International Journal of Engineering Pedagogy
Online issue: http://www.i-jep.org

Editor-in-Chief
Matthias Christoph Utesch, TU Mdnchen, Germany

Executive Editor
Michael E. Auer, CTl Villach, Austria

Deputy Editor-in-Chief
Matthias Gottlieb, TU Minchen, Germany

Senior Editor
Klaus-Tycho Foerster, University of Vienna, Austria

Editors

José Couto Marques, University of Porto, Portugal

Tatiana Yurievna Polyakova, MADI, Moscow, Russian Federation
Istvan Simonics, Obuda University, Hungary

Technical Editor
Sebastian Schreiter, Lagorce, France

Editorial Board

Teresa L Larkin, American University, United States

Eleonore Lickl, HBLVA, Vienna, Austria

Maria Teresa Restivo, University of Porto, Portugal

Tiia Ruttmann, Tallinn University of Technology, Estonia

Phillip A. Sanger, Purdue University College of Technology, United States
Alexander Solovyev, MADI, Moscow, Russian Federation

James Wolfer, Indiana University South Bend, United States

Axel Zafoschnig

Indexing
International Journal of Engineering Pedagogy (iJEP) is indexed
in Elsevier Scopus, Clarivate Analytics ESCI, EBSCO, and DBLP.

Publication Frequency
Bi-monthly (January, March, May, July, September, November)

ISSN
2192-4880

Publisher

International Society of Engineering Education (IGIP)
Europastrasse 4

A-9524 Villach

Austria



	iJEP – Vol. 13, No. 6, 2023
	TOC
	Attitudes of Economics Students Towards Teamwork at University
	Project-Based Learning: Authentic Engineering Assessment Supported by Model Design
	Deep Learning Influences on Higher Education Students’ Digital Literacy: The Meditating Role of Higher-order Thinking
	Survey Analysis on Engineering Students’ Experience of Future-fit Classroom Learning Environment
	The Effectiveness of the Application of Game-Based E-Learning on Academic Achievement in Mathematics for Students in Jordan
	Changing Mathematical Paradigms at the University Level: Feedback from a Flipped Classroom at a Peruvian University
	Students’ Alternative Conceptions and Teachers’ Views on the Implementation of Pedagogical Strategies to Improve the Teaching of Chemical Bonding Concepts
	The Nature of Project Management Found in Nature: Comparative Study at High Education Institutions
	Implementing a Web Application Screener for Preschoolers: Executive Functions and School Readiness
	Problem-Based Learning. Application to a Laboratory Practice in the Degree of Industrial Chemical Engineering


