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Abstract—Interdisciplinary projects in the industry typically
require collaboration between professionals from various fields.
However, this relationship is not generally addressed in the
training offered by university programs, which often ignore this
interdisciplinary approach. This paper offers an example of inter-
disciplinary interaction through joint laboratory activities in the
curricula of two very different degree programs, i.e., Multimedia
Engineering and Teacher Training in Primary Education. The
programs’ students formed an interdisciplinary team of multi-
media engineers and trainee teachers to develop a Web product
for children’s cognitive development. The complexity of the task
required students to engage in close and strong interdisciplinary
cooperation and communication; in turn, they benefited from the
synergy offered by collaborative work. The results of this paper,
presented from the perspective of the multimedia engineering
students, demonstrate a significant increase in their academic
performance compared to the control group. This paper shows
that university studies can incorporate an interdisciplinary per-
spective to engineering education without the need to introduce a
specific course on the topic, thus avoiding further demands on the
curriculum schedule.

Index Terms—Design of activities, interdisciplinary practices,
multimedia, teaching methodology.

I. INTRODUCTION

A. Skills and Professional Success

VARIOUS studies have pointed to the emergence of a new

professional profile in organizations [1]–[4]. Essentially,

an individual with this profile has various types of knowledge,

e.g., operational; technological, particularly in computing;

management and administration; social; and, finally, emotional.

The emergence of this new type of professional is not coinci-

dental: It is an inevitable outcome of the shift to a “knowledge

society.” The application of various kinds of knowledge to solve

a range of problems has always played a central role in eco-

nomic development and social welfare. The relatively modern

concept of the knowledge society, however, refers to a society

in which knowledge, rather than manual work, raw materials,

and capital, is the most important source of economic and social
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development [5]. The knowledge society demands certain skills

from its citizens so that they can function in the complex web of

knowledge, technology, communication, and cooperation that

has replaced the traditional monodisciplinary professions. The

business world’s awareness of this, as well as their quest for

maximum worker performance, has fostered research on the

skills characteristic of the most successful employees.

Analyzing these capabilities, various authors [6]–[8] have

concluded that social and emotional intelligence are part of

the complex web of skills required to perform successfully

in professional fields [9], [10]. Emotional intelligence (EI)

has been conceptualized under two main models. First, ability

models [11] define EI as a type of social intelligence that allows

an individual to be aware of their own feelings and emotions

and those of others, of discriminating between them, and of

using this information to guide thinking and actions. Second,

mixed models combine cognitive competencies with interper-

sonal competencies, social skills, and other dispositional factors

(such as optimism or motivation) and define EI as a set of

competencies that enables individuals to be more effective in

responding to job requirements [9], [12], [13]. The relationship

between interpersonal skills and performance has been shown

by numerous investigations, among which the study by Koman

and Wolff [14] stands out.

Some studies underline that an individual’s ability to adapt

to his or her surroundings could be determined by their mastery

of interpersonal skills and the ability to work with professionals

from other fields [8], [14], [15]. Effective adaptation can enable

professional success, but poor adaptation can have negative

professional consequences such as burnout. Good management

of stress or other emotional variables avoids or reduces stress

or depression in the workplace [16].

These skills not only influence professional performance but

also have an impact on successful searches for employment

[17]. Burns et al. [18], after analyzing the relationship between

employability and professionalism, conclude that the specific

knowledge acquired while pursuing a university degree is often

insufficient to guarantee employment. Some competences

have been identified as predictors of a successful pursuit of

employment [19].

B. Generic Skills and the University

A generic skill, synonymous with “transferrable skill,” is

applicable across a variety of subject domains and can be

identified in various degree programs at any given level [20]. In

industry, companies offer training in these skills partly because

0018-9359 © 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

mailto: ml.pertegal@ua.es


This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

2 IEEE TRANSACTIONS ON EDUCATION

the traditional schemes of higher education ignore competences

that are not degree-specific [21], [22]. It is important to remem-

ber that universities, as educational and training institutions,

play a key role in ensuring that citizens acquire the key com-

petences necessary to adapt well to a changing professional

reality.

The Bologna Declaration emphasizes the importance of edu-

cation (particularly in students’ acquisition of skills, abilities,

competences, and values) by adopting a new methodology

oriented toward the learning of competences, particularly in-

terpersonal competences. The Tuning Educational Structures in

Europe Project [20], [23] develops professional profiles, learn-

ing outcomes, and desirable competences in terms of generic

competences and those relating to each area of study. It de-

fined 30 generic competences grouped into three blocks. First,

instrumental competences comprise cognitive capacities (an-

alyzing, understanding, and handling ideas), methodological

capacities (ability to organize one’s own learning process and

make decisions), technological skills, (ability to use technolog-

ical services), and linguistic services. Second, interpersonal

competences include individual capacities (expressing emo-

tions and self-criticism) and social skills (interpersonal skills,

teamwork, and social responsibility or ethical commitment).

Third, systemic competences describe the integration of the

above competences, such as management skills or creativity.

Some of these competences relate social skills and interpersonal

skills such as the ability to work in teams.

In the professional field of engineering, the Career Space

Project [24] was developed with the support of the European

Commission, by the Career Space consortium. This consisted

of 11 large information and communication technology (ICT)

companies and the European Information and Communications

Technology Industry Association (EICTA). The Career Space

Project provides a series of guidelines and recommendations

for the development of curricular programs, analyzing 100 ICT

programs of study in nine European countries. This project

states that “(ICT graduates) need training in team working, with

real experience of team projects where several activities are un-

dertaken in parallel . . . In addition, ICT graduates need to have

good personal skills such as problem-solving abilities, aware-

ness of the need for lifelong learning, readiness to understand

fully the needs of the customer and their project colleagues, and

awareness of cultural differences when acting in a global envi-

ronment.” Applying this conclusion to the varied work environ-

ments of both multimedia engineers and teachers, it becomes

clear that teamwork competences ensure better integration of

the individual into the workplace, enabling higher job perfor-

mance [25]. Individuals in the computing field have been shown

to perform below the desirable level in bringing interpersonal

skills such as teamwork to performing professional tasks [3].

Finally, successful implementation of training in generic

skills depends on the involvement and collaboration of the en-

tire educational community [26], [27]. Schools where training

in social and emotional competences is most developed have

faced many obstacles [28]. When these are taught in specific

courses [29], for instance, “EI” courses, this reduces the time

available for other courses, thus potentially reducing student

academic performance in those areas [30].

C. Interdisciplinary Versus Multidisciplinary Teams

Recently, diversity in teams of engineering students has been

shown to exert a positive influence on teamwork, in comparison

to monodisciplinary teams [25]. For ICT engineers, developing

teamwork and team communication skills in interdisciplinary

teams is especially necessary since the field, to a large extent,

demands professionals who are able to create “products” for

clients in any field and/or area.

At times, it can be difficult to distinguish between interdisci-

plinary and multidisciplinary terms. In the field of engineering,

Lattuca and Knight [31] noted serious disparities of criteria

between both teachers and students. Here, the definition by

Klein and Newell is applied, in which interdisciplinary is “a

process of answering a question, solving a problem, or address-

ing a topic that is too broad or complex to be dealt with ade-

quately by a single discipline or profession. . . and [that] draws

upon disciplinary perspectives and integrates their insights

through construction of a more comprehensive perspective”

[32, pp. 393–394]. Therefore, whereas the multidisciplinary

approach refers to simple serialization of tasks of various

disciplines, the interdisciplinary approach implies synthesis

or integration of various elements of knowledge of different

disciplines within a cohesive whole [31].

Generic skills are strongly related to interdisciplinary teams.

Dirsch-Weigand et al. [33] showed how students who worked

in interdisciplinary teams gained generic skills. They learned

about the methodology of their own field and the profiles

of other disciplines, and they developed their responsibility,

communication, and teamwork skills.

Richter and Paretti [34] identified barriers to be faced within

interdisciplinary teams, saying these could be overcome if

faculty adopts meaningful learning outcomes associated with

interdisciplinary collaboration and incorporates small exercises

and technological tools to address those outcomes.

D. Project-Based Learning

Learning is an activity that takes place in a sociocultural

context. Therefore, as Vosniadov et al. [35] state, when learning

is placed in real-world contexts, the results of that learning

are better retained and facilitate transference. Since learning is

considered a social issue, schools and colleges should encour-

age students to work with others and learn from them. This

can be done by encouraging students to take part in projects,

resolve complex problems, design and perform experiments,

think about ideas, listen to the ideas of others, and take control

of their learning.

Project-based learning (PBL) is an overall approach to the

design of learning environments. Students engage in solving

real meaningful problems that are important to them and that

are similar to the problems that they will face in their future

working environment. Interdisciplinary PBL has a flexible cur-

riculum so that teachers can meet their curriculum mandates

while leading students in their own explorations. The students’

needs are met by being empowered with the responsibility for

their own learning. The process of planning and implementing

PBL can be a radical departure from traditional practice for
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teachers and students and may elicit negative responses. Most

of these are related to time constraints and planning or to

changes in routine, such as the elimination of textbooks or

classical classrooms [36].

In PBL, the professional and practical orientation of instruc-

tion (PPOI) is a broad concept that includes the professional

orientation of the university curriculum, specifically aimed at

the development of professional features in each class [37]. A

study on a sample of unemployed graduates looking for their

first job [38] tested the relationship between PPOI and the

intensity of the job search, which is a key factor for finding

jobs that match the recent graduates’ degrees [39].

E. Designing an Interdisciplinary Team Experience

Goldman and Petrosino [40] present four principles for the

creation of learning environments in interdisciplinary content

domains.

1) Instruction is organized around significant learning and

appropriate aims. When learning takes place in signif-

icant contexts and with appropriate aims, knowledge is

more likely to be represented consistently.

2) Instruction should provide a scaffolding to improve sig-

nificant learning. The instructional goal is to help stu-

dents to develop strategies that replace the educational

support structure, think for themselves, and generalize

their own knowledge.

3) Instruction should supply opportunities for feedback,

revision, and reflection.

4) Instruction should promote cooperation, sharing of

expertise, and open discussion in the community of

learners.

In the work reported here, the interdisciplinary team envi-

ronment was created according to De Corte’s recommended

learning principles [41], i.e., first, systematic instruction and

orientation, and second, learning environments that encourage

and support the acquisition of constructive and accumulative

goal-oriented processes, through discovery learning and per-

sonal exploration. Learning environments should also improve

students’ self-regulation in their learning processes. To ensure

that students increasingly become the agents of their own learn-

ing, learning environments were placed in real contexts that

were meaningful for them, and this offered plenty of resources

and learning material, as well as opportunities for collaboration.

Instructional support was adapted to pay attention to students’

self-regulation and take into account their individual differences

in cognitive aptitudes and in affective and motivational features.

The recommendations of Oakley et al. [42] were also adopted,

creating guidelines for team functioning, outlining different

team roles and the responsibilities of each role, defining work

procedures, creating a problem-solving system, and creating a

system for assessing progress toward effective team functioning.

The goal of the study reported here was to promote the

development of generic competences involved with working in

interdisciplinary teams in educational projects. Interdisciplin-

ary activities were proposed and implemented in a Usability

and Accessibility (UA) course offered in the Multimedia En-

gineering degree program and in a Developmental Psychology

(DP) course in the Primary Education Teacher degree program,

both at the University of Alicante, Alicante, Spain.

This paper is structured as follows. First, the academic

context and the courses in which this teaching experience

took place are presented. Then, the design methodology and

the detailed assessment process for multimedia students are

described. Finally, the results and main findings are presented.

II. METHODOLOGY

The main goal of the interdisciplinary proposal is to create

Web-based multimedia activities that stimulate cognitive skills

in primary school children (from 6 to 12 years of age). This

paper focuses on the multimedia students of the UA course.

For evaluation purposes, these students were divided into two

groups, i.e., an experimental group of multimedia students who

created the products by collaborating with teaching students

in interdisciplinary teams and a control group of multimedia

students who created the same products, in monodisciplinary

teams, with no contact to students from other degree programs.

The learning goals, materials, and assessments were the same

for both groups. The UA course is offered each year in several

sections on different schedules.

The experimental group for the interdisciplinary experiment

was selected from a course section whose schedule coincided

with a section of the DP teacher training course, i.e., where the

students from both courses were available on the same day and

at the same time. The UA section had 47 students enrolled.

These were randomly divided to form the experimental and

control groups of 23 and 24 students, respectively. These groups

then further divided into two- or three-student teams. Three

or four DP students were then added to each team in the

experimental group to create six-person interdisciplinary teams.

The Web-based activities were classified and documented on

the basis of school year and aptitude developed. Specifically,

each team had to design and develop eight activities, two from

each course level, namely, infant, first, second, and third years.

The requirements of each of the activities were determined by

the children’s course level and were designed to improve their

cognitive development. On completion, each activity had to

report performance information and the time taken to complete

the task to assist professionals in assessing the child’s progress.

The experimental group’s interdisciplinary teams of teaching

and multimedia students were intended to have similar char-

acteristics to those of interdisciplinary teams found in actual

working environments. In the teams, the UA multimedia studies

students act as technological developers of the educational tool

and the DP teacher training students act as designers and super-

visors. To ensure effective collaboration between the teaching

and multimedia students, faculty incorporated small exercises

to overcome any barriers. Both the control and experimental

groups carried out the same work, but for the control group, the

multimedia teacher designed and specified the educational tools

to the same criteria and requirements as in the experimental

group.

Subsequently, the main features of this educational interven-

tion are given in detail.
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A. Multimedia Engineering Context

The Multimedia Engineering degree program merges tra-

ditional engineering and computer engineering. Its general

objective is to train professionals in the ICT sector capable of

directing new multimedia projects in both the leisure and digital

entertainment spheres and managing content for dissemination

in information networks.

The UA course is a required first-semester course in the first

year of the University of Alicante’s Multimedia Engineering

degree program that has been taught since the 2010–2011 aca-

demic year. The course’s main objective is to provide students

with the necessary concepts and tools to design and develop

multimedia products with usability features that make using

and learning these projects easier and accessibility features that

allow users to access them whatever their status, ability, or

situation.

The UA students’ task in this work focused on the multi-

media aspects of creating the application interface, particularly

stressing the activity’s ease of use and learning (usability) and

ensuring access to end-users (accessibility). During product

development, it was emphasized that the product users would

be children between 6 and 12 years of age, a fact that would

notably affect the type of interface used.

The Appendix presents the degree-specific skills that this

project attempts to develop (see Table VII), the course goals

corresponding to the practical work carried out in this study

(see Table VIII), and the learning results in this course (see

Table IX).

B. Joint Planning

One of the most important aspects while implementing the

interdisciplinary sessions was to plan the session calendars of

both courses to allow for four joint practical sessions. The UA

course had 15 sessions in the semester, and the DP course had

14 sessions. The joint practical sessions were held in weeks 7,

9, 11, and 15 of the 15-week semester. In addition, each team,

whether interdisciplinary or monodisciplinary, was permitted to

organize as many working meetings as necessary to complete

the project. Table I gives the schedule for the interdisciplinary

sessions.

During their first six sessions of the semester, the UA

students developed a Web-based product of low complexity,

unrelated to the product to be developed in the joint sessions.

This initial development activity gives students the basic skills

necessary to successfully cope with the development of the

Web-based activity to be developed in weeks 7–15 of the

semester.

C. Coordination Mechanisms

To ensure smooth development of the laboratory activities

and adherence to the planned schedule, mechanisms were

put in place for coordination between team members, i.e.,

both intrateam (students belonging to the same course) and

interteam (students of both courses). Within each team (in both

experimental and control groups), one student was given the

TABLE I
SCHEDULE FOR JOINT INTERDISCIPLINARY COURSE SESSIONS

Fig. 1. Coordination stages for interdisciplinary teams.

role of being the general coordinator. For the experimental

group, since the different schedules of the two degree programs

meant that the UA and DP students were not often together,

in each interdisciplinary group, one UA student and one DP

student took the role of communication manager with the other

course. The interdisciplinary teams met during the joint class

sessions. Fig. 1 shows the interactions between both parts of

the interdisciplinary teams; the size of the dots in each timeline

represents the level of responsibility.
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TABLE II
ITEMS COVERED IN THE UA ASSESSMENT—TOOLS

ARE IDENTIFIED IN TABLE III

TABLE III
TOOLS USED IN THE ASSESSMENT OF UA

D. Assessment

This study only analyzes the performance of the multimedia

UA students; the assessment of their activities is presented here.

As previously noted, they carry out two practical tasks, in both

of which they develop a Web-based product; each task is graded

on a range from 0 to 10 using automated methods and tools that

evaluated the products’ UA according to the UA metrics listed

in Table II. The table also shows the tool used (as identified in

Table III) and the weight of each item in the final grade. The

assessment criteria are explained to students at the start of the

practical sessions.

Table III summarizes all of the tools used to assess the

two Web products designed and developed by the multimedia

students. The computer tools provide an objective measure of

the students’ academic performance, as discussed in the next

sections.

Among these tools, jQuery, a general-purpose JavaScript

library, was used in the analysis to locate and account for

specific HTML features required by the activity. It was used

to write a script that automated the analysis and validation of

all the specified features.

Fig. 2. Results obtained from the Web accessibility tool.

Accessibility features were mainly evaluated using the TAW

tool (see Fig. 2), a Web application for validating Web pages

according to the Web Content Accessibility Guidelines standard

(WCAG—http://www.w3.org/WAI/intro/wcag).WCAG is con-

sidered the de facto standard for Web accessibility and was

developed with the support of the main businesses in the sector.

III. EXPERIMENTS

The results presented in this paper focus exclusively on the

performance of multimedia students. In addition to the experi-

mental groups in both the multimedia and teaching programs,

there were also control groups for each degree group who

completed the tasks without interacting with students from

the other degree programs. In both experimental and control

groups, the assignment of tasks and the assessment methods

were the same.

The statistical procedure used the general linear model with

repeated measures, with the grade obtained for the Web product

being taken as the dependent variable. The time of assessment

(pretest and posttest) was used as the intrasubject factor, and par-

ticipation in the interdisciplinary experiment (belonging to the

experimental or control group) was the intersubject factor. All

statistical analyses were conducted using SPSS (version 21.0).

Sample normality analysis indicated that the population fol-

lows a normal distribution. The result of the Box’s M test

shows the homogeneity of the variance covariance matrix

(M = 1.193, p = 0.769).

To assess the program’s impact on student performance, the

grades obtained by both groups were compared prior to (pretest:

week 6) and after the experiment (posttest: week 15). The

pretest (p1) consisted of the assessment of the first Web product

in the course (weeks 1–6; see Table I) before the interdisci-

plinary intervention. The posttest consisted of assessing the

second Web product of the course for which the intervention

was carried out (weeks 7–15; see Table I). Belonging to one

group or the other was the independent factor or variable, and

the scores obtained by the students in these Web products

were the criteria or dependent variables. The performance

assessment being made automatically by a computer program

(see Section II-D) avoids introducing any bias from a human

evaluator’s subjectivity.

The values of the intersubject test (see Table IV) indicate that

the means of all observations differ from 0 because the tests

have been shown to be significant (p < 0.000) for intersection

but not for group belonging (p = 0.201). This finding confirms

http://www.w3.org/WAI/intro/wcag
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TABLE IV
TEST OF INTERSUBJECT EFFECTS

TABLE V
TEST OF INTRASUBJECT EFFECTS

TABLE VI
STUDENT’S T-TEST ON THE DIFFERENCE IN MEANS

that there are no initial significant differences between the two

groups of students.

For the implementation of the program, Table V shows the

test for intrasubject effects. The values resulting from the test

show that the effect of the interaction between the time of assess-

ment (pretest and posttest) and the implementation of the inter-

disciplinary program is significant (p = 0.000). The observed

power is 0.996, rejecting the null hypothesis of the equality

of means. The effect size η2, proportion of total variability

attributable to a factor [43], or the magnitude of the difference

between one time and another [44], resulting from the interac-

tion between the time of the assessment and the implementation

of the program, is 0.328.

Finally, to test whether there is any difference between the ex-

perimental group and the control group, at the time of pretest and

posttest, a Student’s t-test on the difference in means was con-

ducted (see Table VI), which shows that there were no signifi-

cant differences at the time of pretest. This finding could mean

that both groups began in comparable situations, which was al-

ready suggested by the intersubject test. For the posttest, the test

shows a significant difference between the two groups

(p=0.023); this difference is 1.24 points higher in the experi-

mental group.

Fig. 3 shows the scores obtained by both groups before

and after the interdisciplinary intervention. In the posttest, the

experimental group who had worked with the teaching students

had higher scores, whereas the control group who had had no

interdisciplinary interaction had worse performance.

IV. DISCUSSION AND CONCLUSION

The experimental results show different findings for the

experimental group and the control group. First, when focusing

exclusively on traditional teaching (control group and experi-

mental group before the pretest), a worse group performance

Fig. 3. Academic performance of the groups at pretest (p1) and posttest (p2).

can be observed. This decrease is significant in comparison

to the experimental group, as shown in the intrasubject test in

Table V. This decrease may be due to the fact that the posttest

is more difficult than the pretest, which is conducted at a time

when student knowledge is still limited.

For the experimental group, the usual tendency of obtaining

lower scores than the initial test is not seen. Despite the dif-

ficulty of the posttest, there was a mild improvement, and the

relatively improved results achieved by the experimental group

are considered to be relevant. Contrasted with the Student’s

t-test for comparison with the control group, this improvement

is significant because it cannot be attributed to chance nor can

it be attributed to a subjective assessment on behalf of the

evaluator, having been made by a computer program. In the

opinion of the teaching staff involved in the experiment, this

improvement could be due to two factors, i.e., motivation and

interdisciplinarity.

As a general rule, a greater level of involvement was ob-

served in the experimental groups, evidencing a greater effort

on the part of the students while completing the project. The

fact that they belonged to different degree programs increased

their level of responsibility so that the engineers, as in the

professional world, were able to realize a project from an

interdisciplinary point of view.

Undoubtedly, creativity is one of the big advantages of

working in interdisciplinary teams. From a psychological per-

spective, group work is presented as a potential vehicle for

generating ideas that transcend the social inhibitions that are

produced when working in a team [45]. From the engineering

approach, interdisciplinary work is shown as key to increasing

performance in the development of new products [46]. In line

with these results, the professors observed better outcomes in

the Web applications made by students in the experimental

group. It can be also speculated that imagining items of appeal

to children yields a rich variety of ideas.

In conclusion, this paper has shown that it is possible to

improve the academic performance of multimedia engineering

students through a program of interdisciplinary practical ses-

sions that overlap other courses in the curriculum. This training

program emulates a professional environment in the classroom

that benefits engineering students.

Educators in similar programs will find it easier to integrate

such an interdisciplinary intervention than to overload students

with extracurricular courses that enhance teamwork but take

time from their training in specific competences.
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TABLE VII
MULTIMEDIA DEGREE-SPECIFIC SKILLS

TABLE VIII
UA GOALS

Curricular designs should integrate interdisciplinary perspec-

tives that allow students to think about the strengths and limi-

tations of their discipline. It is important to consider the value

of other disciplinary perspectives, to prepare students to work

effectively in teams [31], and to enable students to succeed in

the job market with its variety of disciplines.

A limitation of this study is the significant effort needed by

the teaching staff to enable students from completely different

degrees to interact. This may well be easier to implement in

generalist universities as they share a common campus. Further-

more, time constraints meant that it was not possible to include

a subsequent study using interviews or contrasting instru-

ments for measuring EI (BarOn test, Mayer–Salovey–Caruso

Emotional Intelligence test, etc.), which could give us an idea

of the impact that this intervention had on the actual skills of

the EI.

As future research work, the authors are considering applying

this interdisciplinary approach to all the courses in an academic

year of the Multimedia Engineering program and analyzing its

impact on the students’ academic performance and EI through

contrasting instruments.

APPENDIX

Tables VII–IX are presented here.

TABLE IX
RESULTS OF THE LEARNING PROPOSED IN UA
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