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In recent years, a numberof teaching strategies have been applied inhigher education to improve students’ academic results

and motivation, with a focus on active methodologies. Embedded Methodologies, defined as a mixture of learning

strategies which are combined in a single educational environment, have a potential for boosting this impact. An

Embedded Methodology with Cooperative Learning, Just-In-Time Teaching and active informal methodologies is

proposed herein. Both methodologies are an integral part of the course design, and students are exposed to a variety of

on-line and face-to-face activities, which enhance their educational experience. The authors present a ten-year longitudinal

study in which academic results and student satisfaction were reported by a standardized survey among 294 students

attending a subject on ‘‘Telecommunications and Internet’’ at EEBE Engineering School from UPC-BarcelonaTech

(Spain).The results show that these EmbeddedMethodologies significantly improved students’ motivation and their final

marks; in particular, for those students at risk of failing the subject, but not with the lowest grades. This approach was

found tobe the best predictor of their grades in the subject, among other factors such as their performance in theUniversity

Entrance exam. Students’ perceptionof the quality of teaching and their academic resultswere significantly enhancedwhen

compared with those students that were exposed to only one active methodology or none at all, thus suggesting that a

mixture of motivational learning techniques boost their impact on the students’ learning process and on their motivation.

Keywords: embedded methodologies; cooperative learning; active methodologies; just-in-time teaching; teaching quality; engineering
education

1. Introduction and context

Prince and Felder [1], among other authors, have

shown that methods that encourage students to

participate actively in class are at least as effective

as traditional methods, and also improve some

aspects of student learning such as motivation.

Enhanced attention andmotivation induce students

to become more involved in course work and to do

more personal work outside class. Students are
already used to connecting to the virtual campus

by using smartphones, tablets or computers. Tea-

chers should invest more forethought in the design

of each class as well as a greater personal involve-

ment, and the same commitment is demanded of the

students. The hypothesis is based on the assumption

that this attitude will increase student performance,

and also the time that students spend working
outside the class will be increased, as well as their

motivation for the subject. Learning by Design has

also proven to be a successful strategy in Engineer-

ing Education as shown recently, for example, by

Pastor et al. [2].

Cooperative learning is a well-known technique

that has proven to foster positive relationships

among students and to increase student achieve-
ment [3]. Cooperation means that students work

together to accomplish shared goals [4]. When

cooperative situations in the classroom are estab-
lished, individuals should seek outcomes that are

beneficial for themselves and for all other group

members at the same time. Cooperative learning is

the instructional use of small groups so that the

students work together to maximize their own and

each other’s learning capabilities.

It may be compared with competitive learning

and individualistic learning, which are situations in
which students work by themselves to accomplish

learning goals unrelated to those of the other

students. In cooperative and individualistic learn-

ing, students’ efforts are evaluated on a criteria-

referenced basis, whereas in competitive learning

they are evaluated on a norm-referenced basis.

Several methodologies implement cooperative

learning, such as the Jigsaw, team learning, group-
investigation, reciprocal teaching or project-based

cooperative work in a formal group. Aside from a

well established literature supporting this strategy,

recent findings show that cooperative learning can

be successfully applied in different contexts: Tran

et al. [5] have successfully conducted a course in

research methods in Education with cooperative

methods, and have shown their positive outcomes
when evaluating academic achievement and knowl-
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edge retention [6]. Korkmaz [7] has reported that

project-based cooperative studio studies are con-

tributing more meaningfully to students’ intermedi-

ate level electronics skills. Furthermore, Luo [8] has

found that design fixation and cooperative learning

enhance students’ skills while conducting an engi-
neering design project. In the present work, the

authors present their experience when using

embedded Just-in-Time Teaching.

Just-in-Time Teaching (JiTT) [9] consists in using

the virtual campus to provide new exercises and

educational experiences for students, and adapting

the classes to this input. It is a combination of face-

to-face interaction in the classroom and website-
based learning support, which in fact optimizes the

time and effort that students make in class.

Although it employs current online technologies

like virtual campus, it should not be confused with

Distance Learning or Computer-Aided Instruction.

Rather, it focuses on providing a good feedback

loop that motivates students to engage themselves

fully in their learning process. The three main
objectives of this methodology are as follows:

� To optimize the efficacy of the face-to-face class-

room session, where the instructor is present.
� To plan out-of-class time in order to structure the

efforts made by students.

� To promote team spirit between students and

instructors, while providing an individualized

support for every learner.

A description of JiTT can be found on the

webpage devoted to this methodology at Indiana

University—Purdue University Indianapolis [10].

The application of this approach has been described

in various educational settings with very promising
results. Among others, Bangs [11] applied this

method in a Statistics Business course and improved

the motivation of the students. Chantoem and

Rattanavich [12] provided both on-line and face-

to-face support during an English language skills

course. Paulson [13] conducted his classes with both

Cooperative Learning and JiTT methodologies

while lecturing on Organic Chemistry, although
his analysis does not elucidate whether the two

methodologies are enhanced when conducted

together. Similar strategies using a Flipped class-

room and online MOOCs have also been recently

reported [14].

Arthur Levine [15] has recently supported the

idea that the so-called ‘‘Just-In-Time’’ learner is

actually provoking a real change in Higher Educa-
tion. This assertion is backed by the fact that

‘‘millennial’’ students can get their information in

real time from a variety of digital sources. This

cascade of inputs can properly be used to enhance

well-established methodologies such as cooperative

learning, and therefore boost engineering students’

motivation. In effect, McGee et al. [16] have

reported using web-based questions in an Engineer-

ing course, while Liberatore et al. [17] have studied

the effectiveness on academic achievement of JiTT

in an introductory Thermodynamics course.
The authors of this paper have also used JiTT to

teach computer programming in first-year courses

of a Bachelor’s degree in Industrial Engineering.

This experience of using JiTT in another compul-

sory subject, but with no embedded methodologies,

was conducted in the 2016–2017 academic year with

remarkable success, since it showed a potential for

improving academic results and motivation at the
freshman level. Results are shown in [18].

By using an online campus based on Moodle,

students are required to undertake gradable tasks to

be resolved before the class starts. The results of

such homework are used to design the ‘‘Just-in-

Time’’ class. The tasks are graded and form part

of the continuous assessment. They help to con-

textualize the exercises done in class, and provide
teachers with information about the objective dis-

tance of the students with regard to the difficulty of

the task they have to do. The tasks should also

motivate the students to achieve better grades in the

individual exams held during the course.

Third-year students in the Bachelor’s Degree

course in Industrial Engineering at the Barcelona

East School of Engineering (EEBE) of the Univer-
sitat Politècnica de Catalunya (UPC-Barcelona-

Tech) study ‘‘Telecommunications and Internet’’

as an optional subject. However interesting the

subject may appear to students who enrol, we

believe a problem exists regarding the inconsistency

of students’ work habits, since they often attend a

class without having read the previous lecture topic

on which the work in class is about. As a conse-
quence, studentsmay lose interest in it after the term

starts.

In order to overcome these challenges, we pro-

pose the application of an active methodology in

class, combined with Just-in-Time Teaching and a

final project in which Cooperative Learning is

applied. This proposal is given the generic name of

Embedded Methodologies by the authors. By
Embedded Methodologies we define a number,

two or more, of educational strategies that are not

only applied in the same educational context, but

are also on some occasions simultaneously applied,

and form part of the development of the syllabus.

The methodologies are carefully chosen to fulfil the

learning objectives of the given educational situa-

tion. The consequence is that their impact on
motivation and academic results are multiplied. In

the academic terms from 2015 to 2017, this

embedded strategy was applied in the above-men-
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tioned subject at the EEBE Engineering School.

Results from this experience suggest that this

approach could further be applied to different

Engineering Education scenarios in order to pro-

vide a more individualized and effective learning

environment.

2. Embedded methodologies

Embedding different active learning methodologies

within the objectives of a given subject in Engineer-

ing requires detailed planning. Student activities

should be designed not only for adding more
diversity to the activities, but also in accordance

with the learning outcomes of the subject. This is an

original concept that has not been developed so far

including Just-In-Time teaching. Turnip et al. [19]

has showed that JiTT was significantly better than

cooperative learning in their study, but did not

evaluate the effect of embedding both methodolo-

gies together. Darabi et al. [20] evaluated the out-
comes of conducting a peer discussion in class with

or without JiTT prior information. However inter-

esting their findings, this study cannot be seen as

trying to implement two methodologies together in

the same context. On the other hand, Kalaian et al.

[21] have conducted a metaanalysis in which differ-

ent small-group learning pedagogies in Engineering

and Technology education were evaluated with
positive results. Moreover, Fidalgo-Blanco et al.

[22] have recently studied if students who follow

active methodologies have the active habit of shar-

ing their knowledge thus enhancing their teamwork

skills. The question of which may be the effect of

joining together some of these strategies naturally

arises.

The proposal set out in this paper is to deliver an
engaging course for studentswith the aimof increas-

ing student interest in the subject beyond the end of

the course. Thus, the activities should be focused on

motivating attendance at the classes and stimulating

students to adopt an active role in order to grasp the

contents of the syllabus. Regarding class activities,

different short activities conducted in informal

groups are proposed throughout the term. This
involves not only an active participation, but also

short breaks throughout the presentation of the

core lectures. Activities should include, but are not

restricted to, exchange of notes in pairs, short

activities about the contents of the class, group

discussion or informal groups Jigsaw, all of which

is intended to reinforce the acquisition of the con-

cepts during face-to-face classroom time.
Just-in-Time Teaching means using the virtual

campus for individualized assignments. This is done

in different weeks throughout the 15-week semester.

Some activities are proposed on the virtual campus,

where the students are required to provide answers

forty-eight hours before the face-to-face class. Such

activities may consist of answering questions in the

forum after watching an online video, resolving

exercises associated with the current chapter, or

completing a brief research assignment. The exer-
cises are then open to comment in class in an

individual face-to-face dialogue. While this may be

time-consuming, it provides in essence an indivi-

dualized approach to teaching for all students, so

that they can go on to the next class with a precise

feedback on their own learning process. The course

instructor usually sets students new assignments

concerning the next chapter to be addressed in the
following class, in accordance with a graded level of

difficulty based on a prior assessment of student

performance. The course was therefore designed

with Embedded Methodologies that included both

face-to-face and online work time, thereby provid-

ing an active experience in class that encourages the

free discussion of topics.

Lastly, a final project is assigned to be undertaken
over the last six weeks of the course. Students

organized into groups of three are expected to

work together cooperatively in order to complete

a real project of designing a telecommunications

network for a small company. The project requires a

study of the Engineering requirements, design of the

data network, analysis and teamwork. Two deliver-

able assignments are set during the course and are
assessed by the course instructor, in order to provide

students with an immediate feedback about their

progress towards the final deliverable. This final

assignment consists of a mandatory oral presenta-

tion in class in front of their classmates. The quality

of the work is assessed on the basis of the mid-term

reports, which must include details of student

commitment and common objectives, and also on
a final anonymous co-assessment.

All the activities are evaluated, and the final

presentation carries a single mark for the members

of the group as a whole. Students should submit

online activities as well as participating in class, but

online activities are not graded if students do not

attend the face-to-face classroom sessions. Students

require aminimumgrade in every part of the subject
in order to achieve a pass: online and face-to-face

activities (35%), final project (40%) and individual

exam (25%).

As it may be seen, the activities are embedded in

the course, so there is no possibility of achieving a

pass in the subject on the sole basis of a final examor

assignment. Results with this methodology show

that absenteeism is very low, as it is the number of
students who drop out before completing the

course. Students are aware from the outset that

they are required to attend the classes and carry
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out all the activities in order to participate in the

learning activities, and thereby miss no opportunity

to become conversant with the subject.

3. Objectives of this work

A study conducted before introducing this

Embedded Methodologies strategy found that stu-
dents invest on average less than one hour per day

on the subject outside class, and only buckle down

to work immediately before an examination or

when theymustmeet a deadline to hand in exercises.

This is a common problem in many universities and

learning scenarios. By merging different kinds of

activities and learning situations within the same

subject and group, we aim to create a motivational
environment to encourage students to participate

actively in a challenging course.

In order to validate this strategy of Embedded

Methodologies, it is the objective of this work to

determine whether a better activities design with

embedded strategies is capable of improving the

students’ experience or not. In particular, we wish

to achieve the following goals:

1. To increase the motivation of students.

2. To improve student satisfaction with the sub-
ject.

3. To increase the academic results of the subject

(final mark).

4. Methodology

During the spring semester of 2015–2017 academic

years, active and cooperative learning methodolo-

gies were employed in the subject of ‘‘Telecommu-

nications and Internet’’ during the 6th semester of

the EEBE Industrial Engineering degree studies.
This subject deals with abstract concepts, such us

the OSI model of functional layers [23], which are

usually difficult to understand [24]. An active learn-

ing is proposed for the students to achieve a com-

plete understanding of the underlying concepts

involved that will be assessed by two presential

activities and an individual written exam during

the term.
In 2009 only Cooperative Learning was applied,

and in the 2010 spring term only active learning was

applied. Teaching without the introduction of the

described methodologies was used in the 2007 and

2008 academic fall terms and in the 2015 spring

term. Quantitative and qualitative data were col-

lected on individual grades, student satisfaction

surveys and structured interviews with the students,
as well as University Entrance Exam grades. Just-

In-Time teaching was applied in selected weeks of

the recent academic years 2015–17. Five face-to-

face activities and five online activities were initially

conducted in the firstweek of the course, up until the

first stage of the course during which the funda-

mental concepts of the subject were addressed.

Subsequently, and following a written evaluation,

the Cooperative Learning project was introduced

with both face-to-face and on-line activities, leading
up to a final presentation of the project. Six labora-

tory activities, including a technical visit, were also

scheduled in coordination with class assignments.

Multivariate analysis was performed to see whether

or not JiTT was an important factor that could be

correlated with student grades. A comparison of

meanswas performed between different groups, and

also among the different topics covered in the
student surveys regarding their learning experience.

Data analysis was conducted from2007 to 2017, a

period of ten academic years during which the

subject was taught only once a year in the spring

term, except for 2007 and2008,when itwas repeated

in the fall semester. An overall number of 294

students studied the subject ‘‘Telecommunications

and internet’’. The contents and syllabus of this
subject remained unchanged throughout this

period of time. The average yearly composition of

the class was 25 students (24.7 þ=� 3.4), with an

average of 78% male and 22% female students.

Students were usually in the third year of their 4-

year Bachelor in different majors in Industrial

Engineering. The course was imparted by the same

instructor throughout the ten-year period. The
average age of students was 21.3 þ=� 2.5 years.

Satisfaction surveys were sent to all students

engaged in the subject. The Students’ Evaluation

of Educational Quality (SEEQ) [25] standardized

satisfaction surveys were used throughout the study

to provide quantitative and qualitative information

on different aspects of students’ perception of their

learning process. Statistical evaluations were per-
formed with the IBM SPSS package version 23 [26].

5. Results

For the sake of comparison between different learn-

ing scenarios, we divided the different classrooms

groups analysed into three different groups:

� Group 1: (G1) Spring term 2015–17: Group of

Embedded Methodologies: JiTT, Cooperative

Learning, and active learning.

� Group 2: (G2) Spring term 2009–2014. Coopera-

tive Learning and/or active learning, but no JiTT.

� Group 3: (G3) Fall term 2007, 2008 and Spring
terms 2015. Teaching without these methodolo-

gies.

5.1 Academic performance

The hypothesis that the average final mark would

Antoni Perez-Poch et al.4
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improve with the application of the Embedded
Strategy is tested herein. The average final grade

for students was significantly higher when more

active learning activities were conducted.

Results are shown in Table 1. The mean final

grade was significantly higher among students

in Group 1 when compared to those in Group 2,

while those in Group 2 scored better than those in

Group 3.
To test the hypothesis, an ANOVA multivariate

comparison of the average final marks in the three

groups mentioned above was performed with

the Bonferroni correction. Normal distributions,

homogeneity of variances and independence

between groups were assumed. Differences between

groups were all significant at significance level p <

0.01.

5.2 Students’ satisfaction surveys

A multivariate ANOVA was performed to check

whether the means of student satisfaction were

homogeneous between groups from different
years. Again, normal distribution, homogeneity of

variances and independence between groups was

assumed. The test was carried out for both themean

overall satisfaction given by the SEEQ survey and

for each section of the survey, which provides an

indicator of every aspect of the learning process, as

listed below. Students were questioned about the

following eight indicators: Student motivation; tea-
cher enthusiasm; teacher organization; interaction

with the group; personal attitude of the teacher;

subject content and suitability of exams. We asked

our students to evaluate the level of satisfaction of

these indicators by using a Likert-type scale rated

from 1 (poor satisfaction) to 5 (very high satisfac-

tion).

The hypothesis in this case was that the impact of
applying Embedded Strategies would enhance stu-

dent satisfaction and motivation. Significance was

set to p = 0.01. We tested the homogeneity of the

average students’ reports from the three different

groups for every indicator with the Bonferroni

correction. Significant improvements (p < 0.01)

were obtained in the overall mean and in the

category ‘‘Student motivation’’, whereas no signifi-
cant differences were found in regard to the other

indicators. The results are shown in Table 2. There-

fore, in G1, in which JiTT was applied, the overall

motivationwas significantly higher than in the other

two groups. In regard to the initial hypothesis,

significant differences in the overall mean satisfac-

tion were found (p < 0.01) when comparing groups

G1, G2 and G3, and also in the ‘‘Motivation’’
indicator, where the indicator for G1 obtained a

higher rate than the indicator for G2 and G3.

When the students were asked howmany hours a

week they spent on average on the subject during the

semester, a majority of students belonging to all

three groups answered between 0 and 4 hours, and

only a small number answered more than 4 hours.

However, in the structured interviews mentioned
later in this section, students reported that most of

those belonging to the group G1 devoted more

hours to the subject (between 2 and 3 hours a

week on average), while students belonging to

groups G2 and G3 stated that they spent fewer

than 2 hours. In accordance with the syllabus set

out for the subject, they should have devoted a

minimum of four hours to the subject outside of
class time.

5.3 Multivariate analysis of academic performance

After obtaining the students’ final marks, we per-

formed a multivariate analysis in which the inde-
pendent variable was the final mark for the subject,

while the dependent variables were as follows:

University Entrance Exam grade, age, origin (cate-

gories: from access-to-university exams; from other

degrees they had failed to complete, and exchange

students), and the Embedded Strategy, which is a

categorical variable indicating whether or not the

student belonged to the group in which it was
applied (G1). We assumed normal distribution,

homogeneity of variances and independence

among different factors. Multivariate regression

assumes that a linear dependency exists between

the independent factors and the dependent variable.

For each factor (1- �i), we obtained the percentage

of the value of the dependent variable it explains and

the statistical significance. In comparison with the
other factors, high values of (1- �i) indicate a

preponderance of this factor over the rest. Statistical

significance was set at p < 0.01. For a detailed

description of the model on which this analysis is
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Table 1. Academic performance: final mark differences between
groups

G1 G2 G3

Average
Final Mark

7.8 6.5 5.3

Table 2. Mean overall satisfaction and Motivation show differ-
ences between classroom groups

Indicator G1 G2 G3

Overall mean 4.1 3.8* 2.7*
Motivation 4.3 3.5* 2.9*
Enthusiasm 3.5 3.4 3.1
Organization 3.0 3.2 2.5
Interaction 3.4 2.8 3.2
Attitude 2.9 2.8 3.1
Content 4.1 4.2 4.3
Exams 3.1 3.0 2.6
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based, see the description from Wayne [27]. For

exchange students, whose University Entrance

Exam grade was unknown, we assumed the group

average. The results obtained are shown in Table 3.

Only one of the factors in the model was statisti-

cally significant: whether the EmbeddedMethodol-

ogies strategy was applied or not. The grade for the

University Entrance Exam grade was the second
factor explaining performance, but with no signifi-

cance.

5.4 Structured interviews

Interviews with students were randomly conducted

at the end of the term (5 students per group) to

discover how they perceived the learning process.

From these structured interviews, most students

stated that they had benefitted from real-time,

individualized correction of exercises, similar to
those proposed in the exams. In comparison with

the responses by students belonging to the groups of

traditional teaching, however, they also complained

that more work was required of them. Despite these

complaints, it is also worthwhile noting that they

dedicated more time to the subject, coming close to

the expected amount of time as set out in the

teaching guide.

5.5 Analysis of students with different academic

performance

A comparison between the final marks for the

subject was made by dividing the students into

three groups or tiers, depending on this final mark.

The hypothesis was that students with medium or

lower grades would benefit more from this

Embedded Strategy than students with higher

marks. Significance was set to p = 0.01. As men-
tioned above, we also conducted anANOVAmulti-

variable test with the Bonferroni correction.

In order to compare the impact of Embedded

Strategies on students with different performances,

we divided the sample into three parts for each

group: T1 was the third of students with highest

grades, T2 the thirdwith intermediate grades andT3

the third with the lowest grades. We then repeated
the comparison test for the mean final grades

between groups for each of the thirds. For example,

we compared the mean final grade of T1 for group

G1 with that of T1 for G2 and G3. We also

conducted the same homogeneity test of mean

final grades for T2 and T3. A significant difference

between the means was obtained only for T2. The

mean final grade for T2 (6.3 out of 10, where 5 is the

pass mark) was significantly higher in G1 (6.8) than

in G2 (5.3) and G3 (4.7). These results suggest that,
in terms of their final performance, greater differ-

ences exist between students who were not the best

and those with lower marks when exposed to

different learning strategies during the term. The

initial hypothesis has therefore proven to be correct

solely for students with medium grades, but no for

those with lower grades.

6. Discussion

In this study, an improvement in academic results

and also in motivation was found in the students

attending the course in which the Embedded Meth-

odologies strategy was introduced. No significant

differences between the average University
Entrance Exam grades of students belonging to a

particular group were found across the courses in

different years. Thus, the differences found in aca-

demic performance (final marks) and motivation

are unlikely to be due to individual differences

among students.

Regarding the three objectives stated in Section 1,

it is clear that, on comparison of the final results for
the subject with those in the groups that were not

exposed to Embedded Methodologies, the third

objective (improve academic results) was achieved,.

For the second objective (improve student satisfac-

tion), the overall results were not conclusive; how-

ever, in terms ofmotivation, which was our first and

foremost objective, a clear improvement is

observed. Furthermore, when different activities
were embedded (G1), attendance at the face-to-

face classes reached nearly 90%. The fact that all

these activities contributed independently to the

final mark was clearly an important factor.

The students’ perception and their motivation

showed an overall improvement when these learn-

ing strategies were applied as EmbeddedMethodol-

ogies. The remaining aspects observable from the
SEEQ survey were reasonably high, but no signifi-

cant differences were found when evaluating differ-

ent groups with different learning strategies. The

results suggest that students acquire a greater moti-

vation for the subject when provided with different

and diverse learning activities in class. The course

imparted is the result of the extensive experience

gained by the course instructor while teaching this
subject at an undergraduate level. More studies are

needed to determine whether these results would be

sustained with other teaching staff and in other

educational contexts. Among many factors, the

Antoni Perez-Poch et al.6

Table 3. Multivariate regression analysis model for the ‘‘Tele-
communications and Internet’’ subject

Independent variable 1- �i p

Embedded Strategy 0.083 0.002**
University entrance grade 0.132 0.065
Age 0.224 0.124
Origin 0.256 0.133

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57



teaching strategy was found to be the most relevant

for a better prediction of the finalmarks of students.

This is a significant finding, since it validates the

hypothesis that teaching strategies do have an

impact on the overall performance of the students

attending a course such as the one reported in this
work.

The results obtained after the post-study dividing

of the groups into three parts (those with better

grades, those with lower grades, and those in the

middle) are of particular interest. When comparing

academic results and motivation between students

in groups exposed to different learning activities, a

higher significant difference was found on average
between those students that are not classified either

into the upper tier or the lower tier of academic

performance. Students in the middle tier are more

likely to benefit from an embedded and individua-

lized teaching experience, which suggests that those

students who, despite an acceptable performance,

are still at risk of failure, can profit from the

dedicated efforts of course instructors to help
them. On the other hand, those students who in

fact have the lower grades and are therefore also at

risk of failure do not appear to benefit from such

experiences. These findings are in accordance with

other studies [18] inwhichwe observed that students

with lower grades may be beset with other difficul-

ties that are not addressed by the learning environ-

ment proposed herein.
This study has some limitations. The sample was

restricted to a particular subject imparted in a

school of Engineering at the UPC BarcelonaTech.

The course was given by the same teacher through-

out the time period covered by this study. However,

given the attendance figures and the results of the

survey on student satisfaction from other subjects

taught by the same teacher, and from colleagues at
the EEBE Department of Computer Science, it

would be appropriate in the future to repeat the

study with other subjects and teaching staff as well

as in different universities. The subject is taught in

English in a non-English speaking country such as

Spain. The fact that many students (between 15%

and 33%) are exchange students may lend diversity

to the course, which is specific to this particular
learning environment. Students were not selected

randomly to attend the course or to form part of

different groups with different teaching strategies.

7. Conclusions

A ten-year longitudinal study of the application of
EmbeddedMethodologies is presented in this work,

together with project-based Cooperative Learning,

Just-in-Time Teaching and active methods. The

experience was carried out during the course of a

Bachelor’s Degree in Industrial Engineering. The

results show that EmbeddedMethodologies signifi-

cantly improved academic performance and student

satisfaction, and notably student motivation was

also improved.

The motivational effect of the methodology was
significant for all the students enrolled in the sub-

ject, but was less effective for students with the

highest or the lowest final marks. Results of the

quantitative and qualitative analyses suggest that,

in comparison with the case where only one of these

techniques is applied, Embedded Methodologies

are considerably more effective, which implies that

a combination of two or more methodologies
(Cooperative Learning, Just-in-Time Teaching,

active methodologies in informal groups) included

in a well-designed syllabus design, boosts the effects

of such techniques. Efforts to provide a more

individualized learning active experience, both

online and face-to-face, constitute a current trend

in Engineering Education, and given their promis-

ing outcomes, they are likely to be more widely
employed in our universities in the years to come.
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18. A. Perez-Poch and D. López, Just-in-Time Teaching
improves engagement and academic results among students
at risk of failure in computer science fundamentals, Proceed-
ings of the ASEE-IEEE 47th Frontiers in Education Con-
ference, Indianapolis, USA, pp. 1–7, 2017

19. B. Turnip, I. Wahyuni and Yul I. Tanyung, The Effect of
Inquiry Training Learning Model Based on Just in Time
Teaching for ProblemSolving Skill, Journal of Education and
Practice, 7(15), 2016.

20. A. Darabi, S. Pourafshar, R. Suryavanshi and T. Arrington,
Comparison of Three Instructional Strategies in Food and
Nutrition Education: Developing a Diet Plan for a Diabetic
Case, International Journal of Science Education, 38(7), pp.
1197–1211, 2016.

21. S. A. Kalaian, R.M. Kasim and J. K. Nims, Effectiveness of
Small-Group Learning Pedagogies in Engineering and Tech-
nology Education: A Meta-Analysis, Journal of Technology
Education, 29(1), 2018.

22. A. Fidalgo-Blanco, M. L. Sein-Echaluce and F. J. Garcı́a-
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