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The aim of this research was to design and implement a learning methodology based on continuous assessment in group-

based learning in a blended learning environment with a view to improving design skills and identifying the attitude of

learners toward this methodology. This was achieved through a case study of the Industrial Plants course of the Degree in

Industrial Scheduling at the School of Industrial andAeronautical Engineering of Terrassa (ETSEIAT) of theUniversitat

Politècnica de Catalunya (UPC) during the 2008-2009 academic year. Qualitative and quantitative methods, including

questionnaires, interviews and result analysis, were used in the case study. The findings show that the use of information

and communication technologies (ICTs) for improving design skills in group-based learning is feasible and delivers good

learning results. Students and instructors appreciated the opportunity for students to work in groups, in combinationwith

face-to-face and ICT sessions, and to study using the written material and the correction protocol that was provided.

Keywords: cooperative/collaborative learning; distributed learning environments; teaching/learning strategies; evaluationmethodologies

1. Introduction

Today’s engineering education places an emphasis

on design and practical applications for solving

realistic problems and projects [1–3]. For this pur-

pose, collaboration and group-based learning are

becoming increasingly prominent in university

courses.

Design skills are mainly acquired in design studio

sessions in which a simulation of the real situation
occurs. These sessions are not only given as lectures,

but also encourage social interaction between the

teacher and the students, and among the students.

Communication is thus a keyword for defining the

design studio sessions and acquiring design skills.

As different design stages require different learning

styles [4], and design is an open-ended problem-

solving process in which the designer’s experience is
more important than the facts and rules, design

education can be considered throughKolb’s experi-

ential learning theory [5]. The Kolb learning cycle

summarises the stages of experiential learning as

concrete experience, reflective observation, concep-

tualisation and active experimentation, which can

be applied to student learning. The main feature is

that students do not learn by simply being told facts.
They need to be able to put these facts into practice

and reflect on the way they are used in order to form

connections in the brain, which can be regarded as

knowledge.

Design activities are creative and complex, and

require a great deal of information from different

sources. Therefore, design learning requires colla-

boration among students to deal with complex de-

sign tasks [6]. Group-based learning gives students

the opportunity to discuss their understanding of

the subject with their peers, as they apply the theory
to practice [7]. Furthermore, group-based learning

enables students to experience multiple perspectives

from other students with different backgrounds and

to develop critical thinking skills through the pro-

cess of judging, valuing, supporting or opposing

different viewpoints [8]. The most recent studies on

group-based learning focus mainly on virtual learn-

ing environments [1, 10–11]. In the area of design,
building information modelling and collaborative

environments are being developed and analysed [6,

12–14].

Although technologies provide resources for on-

line team experiences, they are still not comparable

with face-to-face interaction [15]. Therefore, the

optimal situation is one of blended learning, in

which students can share and resolve doubts during
face-to-face sessions for organisational and social

interactions, and also work individually and/or in

groups using ICT tools [16].

Blended learning methods are effective in facil-

itating the process of online collaborative learning

[17–19]. Introductory face-to-face meetings are of-

ten held to provide students with the opportunity to

get to know other members and to build group
cohesiveness for subsequent collaborative work.
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The main problems of blended learning are not

related to technologies but rather to the self-moti-

vation, group coordination and self- and time-man-

agement skills of the students. Therefore, blended

formats do not necessarily provide students with

interactive and flexible learning experiences.
Eijl, Pilot & Voogd [20] analysed the effects of

collaborative and individual work in a blended

learning context. They concluded that teamwork

was predominantly face-to-face and occasionally

virtual (by e-mail and telephone). However, e-

resources are essential in a blended learning situa-

tion.Because technologyonlyprovides the platform

for group interaction and that the properties of the
mediumdo not determine the quality of the learning

that takes place [21], a more careful analysis of

learners, contexts and technologies is required [16].

In this article, we present a methodology for

improving design skills through a group-based

blended learning course, and analyse the student’s

perception of this methodology. The methodology

provided the students with extra content with which
to enrich their learning: self- assessment tests, bi-

monthly design project deliverables and assign-

ments, face-to-face sessions, ICT sessions, and e-

learning tools such as chat rooms, forums, group

document repositories and evaluation protocols.

The novel aspects of the case selection was based

on three main criteria:

(1) new techniques and methodologies of group-

based learning, such as continuous assessment

and scoring rubrics, were implemented;

(2) face-to-face sessions were held and ICT tools
were given to students to facilitate communica-

tion and collaboration;

(3) the course was mainly based on design topics

which are difficult to exchange and communi-

cate using ICT tools.

Pre- and post-qualitative and quantitative assess-

ments were made to evaluate the learners’ percep-

tion of this new methodology, which was then

compared with their final results. The findings of

the study provided practical guidelines for improv-

ing the implementation of group-based learning in

blended learning design studies.
The main limitation of this methodology is that it

is oriented to blended learning courses and re-

stricted to improve design skills. However, the

main criteria can be adapted to other learning

methods such as e-learning.

2. Background

The Department of Construction Engineering of

the ETSEIAT has been using the blended learning

method in the Industrial Plants course of theDegree

in Industrial Scheduling since the 2000–2001 aca-

demic year. Students enrolled in the blended learn-

ing modality are mainly starting engineers

(mechanical, electrical, etc) who have a degree, are

employed and want to improve their knowledge of

industrial engineering.
Blended learning for Industrial Scheduling is

based on several face-to-face sessions and a digital

campus called Atenea. This virtual platform is

developed online, so instructors and students can

access it from anywhere. Documentation can be

shared and implemented, the subject programme

and marks can be viewed, students can work to-

gether and instructors can mark deliverables; also
there is a link for asking the professor questions and

a chat room for students. The most important thing

is for students to feel that they are not alone, and for

the professor to monitor each student’s learning

process and evaluate progress.

The Industrial Plants subject is worth 4.5 Eur-

opean Credit Transfer System (ECTS) credits in the

master’s degree-level studies (worth 120ECTS cred-
its). The aim of the subject is to provide a basic

knowledge of the relationship between economic

activities—industry and commerce—and related

areas, and it focuses on legal requirements and the

need to choose an appropriate location. In other

words, this subject provides engineers with the

know-how to analyse, define and transmit the needs

of an industrial building in a clear, concise and
exhaustive manner and to attain criteria for choos-

ing the best solutions of general and particular

interest.

The subject is divided into six main modules.

Module I deals with the complexity of finding new

industrial locations and gives an overview of all the

systems that are involved. Module II focuses on the

design of the industrial process layout. Modules III
and IV are about the materials and installations of

industrial buildings. Module V is related to urban

planning, and module VI looks at the main stan-

dards that affect industrial building design. Until

the 2008–2009 academic year, students designed an

industrial building by applying the knowledge ac-

quired during each module and presented it on

paper at the endof the course. Studentswere divided
into teams of five and face-to-face sessions were

organised to resolve doubts on the theory or the

project. The evaluation system was based on theory

(60% of the final mark) and the implementation

project (40% of the final mark).

The experience gained over the years revealed

that students who were enrolled in the blended

learning modality had more communication diffi-
cultieswhen carrying out the implementationdesign

project than traditional learning students [22]. This

problem was also confirmed through comparative
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questionnaires completed in the 2007–2008 aca-

demic year to determine students’ satisfaction and

their opinion of the key elements of the course, such

as collaborative learning and groupwork (see Table

1 and Appendix 1 for the questionnaire).

The questionnaire was based on the Student
Evaluation of Educational Quality (SEEQ) metho-

dology [23] adapted to the specific necessities. SEEQ

is an instrument used to obtain student feedback on

teaching and to increase teaching quality through

reflective practice.

The SEEQ questionnaire suffers from the same

problems as any other: it is not suitable for all

subjects or ways of teaching. For instance, the
SEEQ questionnaire is not the most suitable for e-

learning and thus for blended learning. Therefore,

the study by Akar, Öztürk, Tunçer & Wiethoff [24]

on how to evaluate a collaborative virtual learning

environment was consulted with the aim of adapt-

ing the SEEQquestionnaire to our specific scenario.

The final questionnaire consisted of the following

dimensions:

(1) learning,

(2) organisation,

(3) interaction with the professor,

(4) interaction with other students,

(5) evaluation,

(6) difficulty,
(7) others.

Inorder toassess these dimensions, an itempoolwas

created using items derived from the literature,

which were already validated and tested for relia-

bility. Thirty-three of the available items were se-

lected for the questionnaire and a five-point Likert

scale (5 = strongly agree, 4 = agree, 3 = neither

agree nor disagree, 2 = disagree, 1 = strongly dis-

agree) was used to evaluate the students’ responses
to these questions. See Appendix 1 for the full

questionnaire.

The questionnaire carried out in the 2007–2008

academic year, provided us with rich information

about students’ thinking and showed that 65% of

the students who are enrolled in blended learning
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Table 1. Before-and-after comparison of the continuous group-based learning methodology

2007–2008
N (number of students) = 79

2008–2009
N (number of students) = 56

% of respondents % of respondents

1 2 3 4 5 Mean Var 1 2 3 4 5 Mean Var T-score

1 0 4 16 53 6 3.77 0.43 0 2 13 33 7 3.75 0.33 0.19
2 0 3 11 53 12 3.94 0.44 0 0 9 35 12 4.05 0.26 –1.04
3 0 5 28 32 14 3.70 0.69 0 2 21 27 5 3.57 0.34 0.91
4 1 3 27 32 6 3.11 0.70 0 1 11 40 4 3.84 0.22 –5.62 *
5 3 6 13 33 24 3.87 1.10 0 4 16 10 23 3.77 0.73 0.58
6 0 12 21 42 4 3.48 0.65 0 4 15 30 7 3.71 0.42 –1.67 *
7 3 10 25 34 7 3.41 0.90 0 5 12 33 5 3.63 0.40 –1.43
8 0 7 17 43 12 3.76 0.66 0 1 13 34 7 3.79 0.29 –0.20
9 0 9 26 34 10 3.57 0.73 0 5 22 22 5 3.38 0.43 1.34
10 7 8 38 18 5 2.96 0.94 0 1 28 19 5 3.34 0.34 –2.47 *
11 14 31 19 13 2 2.47 1.08 7 27 18 1 2 2.30 0.51 0.97
12 27 27 17 5 0 1.92 0.82 27 16 9 2 0 1.68 0.51 1.58 *
13 20 19 27 4 1 2.03 0.90 33 8 9 3 1 1.66 0.75 2.11 *
14 31 18 10 10 3 1.92 1.39 23 14 7 5 5 2.09 1.19 –0.76
15 2 11 20 36 8 3.39 0.88 2 3 10 26 12 3.61 0.66 –1.28
16 17 12 38 4 2 2.29 0.95 15 3 23 4 3 2.16 0.94 0.71
17 2 8 31 32 4 3.28 0.69 1 4 21 25 2 3.25 0.42 0.20
18 1 13 34 23 5 3.11 0.72 2 4 30 13 4 3.07 0.50 0.29
19 2 5 36 28 5 3.25 0.65 2 3 21 25 3 3.32 0.48 –0.48
20 2 11 33 27 5 3.24 0.76 2 8 29 11 2 2.84 0.47 2.69 *
21 8 16 31 15 3 2.63 0.97 0 3 22 26 2 3.32 0.32 –4.50 *
22 3 8 29 30 4 3.11 0.78 1 2 21 22 5 3.23 0.48 –0.78
23 4 5 24 36 4 3.16 0.82 0 2 27 11 1 2.39 0.58 4.85 *
24 0 1 31 38 2 3.25 0.39 0 0 17 33 5 3.71 0.25 –4.28 *
25 0 0 39 25 8 3.25 0.52 0 0 4 23 27 4.27 0.29 –8.41 *
26 0 2 29 33 8 3.33 0.56 0 3 27 22 3 3.39 0.33 –0.50
27 10 25 17 13 8 2.57 1.39 5 20 17 5 5 2.52 0.79 0.26
28 0 6 14 27 24 3.57 0.93 0 4 6 19 23 3.88 0.61 –1.83 *
29 2 4 42 18 7 3.08 0.69 1 6 23 24 1 3.27 0.41 –1.36 *
30 1 4 23 40 6 3.39 0.60 0 3 17 31 5 3.68 0.36 –2.17 *
31 0 1 22 51 0 3.44 0.28 0 0 16 35 3 3.63 0.21 –1.92 *
32 1 8 58 7 0 2.77 0.27 0 2 21 26 2 3.23 0.33 –4.42 *
33 0 1 62 11 0 2.94 0.17 0 0 36 17 0 3.14 0.17 –2.63 *

*The rows of this table relate to the 33 questionnaire items.



studies communicate mostly face-to-face rather

than virtually. The same conclusion was reached

by Eijl, Pilot and Voogd [20].

Students argued that they use the time following

the face-to-face sessions to arrange the work to be

done and share information on the design project to
be delivered at the end of the course. It was easier for

them to print out their work, show it face-to-face

and explain it verbally than by using ICTs.

In addition, students preferred to use Atenea for

accessing information and contacting the instructor

rather than for interacting with the other members

of their group or with the instructor. The main

problem of not using Atenea for communicating
with other team members was the difficulty of

transferring design ideas. Students had to commu-

nicate with one another but Atenea services were

not fully designed to share resources such as CAD

drawings. As regards the workload, students con-

sidered that the work evaluation methods were

unfair and inappropriate (M=2.74).

In terms of difficulty compared with other sub-
jects, students found it to be medium-hard (80%).

The workload was heavier than that of other sub-

jects (81%) but the pace was about right (83%). In

view of this situation, the coordinator of the Indus-

trial Plants subject decided to modify the work

evaluation methods and include a bimonthly part

of the project deliverable, a scoring rubric, a correc-

tion protocol and a methodology for delivering
drawings and changing the weight of the exams

and deliverables.

Although the Atenea platform was limited and

scarce in terms of transferring and communicating

design resources, we decided not to include another

communication and collaboration platform so as

not to overwhelm the students. Therefore, modifi-

cations and adaptations to the current ICT tools

and to the communication and collaboration meth-

odologies were included.

3. Methodology

From the results of the questionnaire carried out in

the 2007–2008 academic year and the instructor’s

experience, this study proposes a methodology for

improving the learning path and design skills of the

students enrolled in the Industrial Plants course of
the Degree in Industrial Scheduling at the ET-

SEIAT given in a blended learning environment.

It also adapts it to the European Higher Education

Area. This research is a case study from the 2008-

2009 academic year.

As design learning is best conceived as a process

rather than in terms of outcomes [5], students were

given a theme every two weeks, a chapter of a book
to read, many references, web links with regulations

and extra information, self-assessment tests and a

design task.

Several researchers have suggested that design

learning needs to be carried out in groups [6] and

that information exchange and interaction with

others enhance student performance and achieve

high levels of satisfaction [11]. Face-to-face sessions
are also formulated as a design studio session to

enable students to communicate and collaborate on

the bimonthly task.

Figure 1 shows a schematic representation of the

teaching design of the course.

The main features of the new methodology are:
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� Students have an initial session (Informative

meeting) and face-to-face design studio sessions

(face-to-face sessions) to resolve doubts related to

the topic and ICT sessions (ICT group sessions)

to apply the concepts to a real case. ICT sessions

are mainly individual to promote independent

learning. Questions can also be formulated using

the virtual campus. Students can then use the

knowledge acquired during independent study,

the face-to-face session and the ICT session to

work on the design implementation project in

groups.
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Table 2. Course methodology

Action Interface

1. The student registers for the Industrial Plants subject using the academic management application. Student—Academic
management application

2. The managers of the Atenea Virtual Campus register the students to Atenea. Managers—Atenea platform

3. The instructor uploads the course methodology and presents the implementation project, which
should be delivered in groups of 4 and is divided into mini-deliverables throughout the course.

Instructor—Atenea platform

4. The instructor explains the objectives of the course and the learning methodology to the students.
The instructor asks the students to team up into groups of 4 for the project and to choose a productive
process, which will be the starting point of the project.

Face-to-face session

5. To facilitate the creation of the team, the instructor creates a team creation forum in which students
can discuss forming a group. This forum is open for two weeks.

Instructor- Atenea platform—
student

6. Students teamup and drawup a documentwith the names of the teammembers and the project title. Students—Forum—face-to-face
meetings—E-mail—etc.

7. Students upload the document with the names of the teammembers and the project title to Atenea. Students—Atenea platform

8. The instructor uses the information on the documents that were uploaded by the students to create
groups in Atenea. General course resources will then be made available to all students but any other
project material will only be available to the members of each group.

Instructor—Atenea platform

9. The instructor creates a discussion forumon general aspects of the course, which can be accessed by
all of the students. The instructor creates as many forums as there are groups and assigns team
members in a different group with the aim of facilitating the communication between team members
when they develop the implementation project.

Instructor—Atenea platform

10. The instructor creates 8 tasks with the 8 subparts of the project, which are related to the ICT
sessions. The task is to share files with the instructor and to deliver the subparts of the project. The
instructor corrects them using the scoring rubric and the correction protocol and publishes the
assessment and feedback.
Each task will be published after the corresponding ICT session and will be available for one week.

Instructor—Atenea platform

11. The instructor creates a chat activity for each team group. The purpose of the chats is to improve
and foster communication among teammembers. Students can send their questions to the instructor,
who decides the day and time of the chat.
In addition, during the course the instructor creates three general chat rooms, in which students can
discuss issues related to the course with the instructor.

Instructor—Atenea platform

12. The instructor uploads the general documents, links, etc. to the general space that can be accessed
by all students.

Instructor—Atenea platform

13. The instructor uploads the specific documents, links, etc. for each team to the group space that can
be accessed by all students.

Instructor—Atenea platform

14. Students access the digital campus and download the information they need. Student—Atenea platform

15. Theory session
The instructor responds to the students’ queries.

Face-to-face session

16. ICT session
Students work on a hypothetical case that is similar to the task to be delivered.
Students have two weeks to deliver the task.

Face-to-face session with
computers

17. Chat session
Students can ask the instructors questions on the task to be delivered.

Instructor—Atenea—Student

18. The instructor corrects the tasks following the scoring rubric and the correction protocol and
uploads the comments and marks to Atenea.

Instructor—Atenea platform

19. Students access the digital campus and receive feedback on the task from the instructor. Students
can use this information to incorporate the instructor’s comments in the final project and improve it.

Student—Atenea platform

20. Project follow-up
To respond to general and layout queries related to the project presentation, a face-to-face session
helps students with scale, printing, etc.

Face-to-face

21. Project deliverable
Students enter the digital campus to upload the final project.

22. The instructor corrects the project and uploads the comments and marks to Atenea. Instructor—Atenea platform



� The final project is divided into eight tasks (deli-

verables) that, after correction by the instructor,

can be incorporated into the final project deliver-

able. This provides students with feedback and

makes them feel more confident. Each part of the

project is strictly linked to the part of the theory
discussed in the previous face-to-face session. A

scenario with face-to-face sessions, ICT sessions

and deliverables was created. Table 2 details the

steps in this scenario.

Sessions 12 to 19 are repeated eight times for each of
the tasks to be delivered.

� Every two weeks the students receive an assign-

ment that will be part of the finalmark. The aim is

to give students an idea of the mistakes made and

what needs to be reinforced.

� The instructors have created a scoring rubric for

these assignments (see Table 3 for an example). It

gives students information on what is going to be

evaluated and the score of each aspect. Students
can then modify and/or correct it for the final

project deliverable and improve the final assess-

ment.

� Some face-to-face sessions are organised during

the course as a design studio session in which

students can communicate and interact.

� The instructor creates a forum for each task in

which students can clarify doubts and write com-
ments on specific areas of the course/project.
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Table 3. Example of scoring rubric for ‘Plant drawings’

Good (2 points) Fair (1 point) Poor (0 points) Total

1. Stairs drawing

Calculation The stairs are calculated
according to the formulas
given in class.

The stairs calculation
contains some errors.

No calculation of the
stairs has been carried
out.

Stairs drawing The drawing corresponds
to stairs that begin on the
ground floor.

The drawing corresponds
to stairs that begin on an
intermediate floor.

Stairs drawing The tread line is properly
drawn.

The tread line is drawn
but the way up is not
indicated.

The tread line has not
been drawn.

2. Dimension marks

Units and precision Dimension marks are
represented inmetres and
numeric values are
expressed with 2
decimals.

Dimensionmarks are not
represented in metres or
numeric values are not
expressed with 2
decimals.

Dimensionmarks are not
represented inmetres and
numeric values are not
expressed with 2
decimals.

Levels of dimension
marks

The three levels of
dimension marks are
defined: (1) holes, (2)
interior layout and, (3)
total dimension mark.

The three levels of
dimension marks are not
defined: (1) holes, (2)
interior layout, and (3)
total dimension mark.

Existence of dimension
marks

Contains all the
necessary dimensions in a
construction drawing.

Contains almost all the
dimensions but some are
missing.

Many dimension marks
are missing.

3. Formal printing aspects

Drawing scale The scale is written on the
drawing and it matches
the drawing.

The scale is written on the
drawing but it does not
match the drawing.

The scale is not written
on the drawing.

Normalised scale A normalised scale is
used.

Anon-normalised scale is
used.

Line thicknesses All lines are black and the
different printing line
thicknesses can be
distinguished.

Lines have different grey
tonalities or the different
printing line thicknesses
cannot be distinguished.

Lines have different grey
tonalities and the
different printing line
thicknesses cannot be
distinguished.

Dimension orientation
and visibility

Dimensions are well
orientated and visible.

Dimensions are not well
orientated or not visible.

Dimensions are neither
well orientated nor
visible.

Dimension line-up Dimensions are properly
lined up.

Dimensions are not
properly lined up.

Intersections None of the dimension
mark lines are
intersected.

There are a few
intersected dimension
mark lines.

There are many
intersected dimension
mark lines.

TOTAL



Forums provide a search tool with which to look
for similar questions and avoid repeating the

same questions.

� The instructor creates a chat room in which

students can ask questions and write comments

on specific areas of the course/project. Teams can

use the chat rooms that are available to commu-

nicate with one another.

� Students deliver each task through the .dwf for-
mat, which is lighter than .dwg and can be used to

create notes and marks. Figure 2 shows a CAD

drawing converted to the .dwf format and cor-

rected by the instructor using the scoring rubric.

A correction protocol is created to facilitate the

understanding of the instructor’s comments and

marks.

� The instructor delivers assets and guidance, en-
courages participation in online communities,

chats and forums, improves group-based learn-

ing, promotes flexible options (blending enables

people to receive a response regardless of the

location, time and learning preferences), and

puts people at the centre of the blend.

� At the end of the course, students deliver the

project using the virtual campus.
� The evaluation system (continuous assessment)

consists of theory (60% of the final mark), course

deliverables (20% of the final mark) and the final
design project implementation (20% of the final

mark).

To serve the 80 students and the three instructors

(who may vary in each academic year) with the

methodology, both a guide for instructors and a

guide for students were uploaded to the virtual

campus.

4. Results and discussion

Results were obtained using a quantitative and

qualitative analysis approach to evaluate the use

and acceptance of this new methodology. This

methodallows researchers to capture and synthesize
data frommultiple sources in order to gain more in-

depth and comprehensive understanding [25].

A quantitative evaluation was carried out follow-

ing the completion of the course by using the same

questionnaire that the questionnaire used in the

2007–2008 academic year with the aim of compar-

ing the results and analysing student perception of

the proposed methodology. We applied T-tests to
analyse the significance of the comparison.

A qualitative evaluation of the methodology was

carried out during the course. During face-to-face

sessions, instructors informally asked students
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Fig. 2. Example of .dwf drawing, corrected by instructor using correction protocol.



about the problems they had encountered, the use of

ICT tools and their thoughts and feelings. Lastly,
the coordinator conducted interviews with the in-

structors during and after the course.

4.1 Marks evaluation

A comparison of student results in the 2007–2008

academic year (before this methodology was imple-
mented) with those of the 2008–2009 academic year

(following implementation) reveals that their final

marks improved by 1 point, from an average of 6.30

to 7.30 (t¼ �3.05, p<0.05). Furthermore, the drop-
out rate was lower in the 2008–2009 academic year

(1%) than in the 2007–2008 academic year (12%).

This might be caused by the continuous work

carried out during the course and the responsibility
of the members of the group towards one another.

This result is encouraging and supports the use of

the methodology in future academic years. Table 4

shows a comparison of themarks and dropout rates

between the two academic years.

4.2 Quantitative evaluation

To facilitate comparison, the quantitative evalua-

tion was based on the questionnaire used in the

2007–2008 academic year.

Students who used the methodology were of the

opinion that they had understood the subject mate-

rials more (t¼ �2.37; p<0.05).
As regards the organisation of the course, stu-

dents found that the proposed objectives concurred

more with those actually taught (t¼ �1.67, p<0.05)
and that the class material was better prepared and

more carefully explained (t¼ �1.86, p<0.05).
Regarding the interaction with the instructor,

neither face-to-face (t¼ �1.68, p<0.05), nor via

Atenea (t¼ �3.12, p<0.05) decreased. This means
that the continuous assessment and the constant
feedback from the instructor improves the knowl-

edge of the students and reduce the number of

doubts related to the design project and the theory

related to the project.

In reference to the interaction with the group,

surprisingly, students still declare a preference for

face-to-face communication with other team mem-

bers (t¼ �2.00, p<0.05).
In reference to the evaluation method, students

expected higher marks with the continuous assess-

ment methodology. These results can be contrasted

with the real marks of the students (an average of

7.30 compared with 6.30 in the previous year).

However, the students of the 2008–2009 academic

year thought that the workload was heavier than in

the 2007–2008 academic year (t¼ �7.63, p<0.05)
and the total number of hours required to prepare

the project were higher (t¼ �1.29, p<0.05).
On other aspects of the course that came up in the

questionnaire, students from 2007–2008 academic

year did not answer significantly differently from

students from 2008–2009 academic year. This in-

volved e.g. preparation of documentation, comple-

teness of course material, fairness of the method of

evaluation.

4.3 Qualitative evaluation

For the qualitative evaluation, instructors con-

ducted interviews with six students who were se-
lected randomly after face-to-face sessions.

The nature of these interviews was to explore the

attitudes and feelings of students in greater depth

than the questionnaire. Interviews were conducted

face-to-face and written notes were obtained.

Informal questions were generated as part of

continuous assessment and correction protocol,

the ICT available tools to improve collaboration
and communication among students and with the

instructor during the course.

The coordinator also conducted interviews with

the instructors during and after the course to gather

their views on the new pedagogical methodology.

The ideas expressed by students to the instructor

and the interviews conducted between the coordi-

nator and the instructors reveal that:

� Any change in a subject elicits scepticism, so the

instructors and the students initially felt that a lot

of extra work would be necessary. However, at
the end of the course, the instructors were very

proud of how the learning had evolved using this

newmethodology. During the course, most of the

students took into account the professor’s com-

ments and corrections, which led to an improve-

ment in the final project deliverable.

� Use of the scoring rubric and correction protocol

was well received by the students and the instruc-
tors. The instructors unified the evaluation meth-

odology and the students were aware of the

evaluation content from the beginning. There-

fore, the idea of continuous learning was well

received by all the parties involved.

� Students used the Atenea virtual campus to

download course documents, deliver tasks and

clarify doubtswith the instructor using the forum.
However, when discussing the tasks with other

team members, most students still found that it

was easier to communicate design ideas face-to-

face rather than through virtual repositories.
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Table 4. Comparison of student results

2007–2008 2008–2009

N (number of students) 79 56
Results 6.3 7.3
Dropout rate 12% 1%



� As regards the task deliverables, projects were

delivered on paper at the end of previous aca-

demic courses. During the 2008–2009 academic

year, students had to deliver each task in a specific

format (.dwf) using Atenea. To do so, they had to

install free software for converting CAD files
(.dwg) to .dwf. Some students did not do so and

uploaded the task deliverables in CAD files. This

causes Atenea to crash and makes it difficult to

review the students’ deliverables in the previously

defined protocol. Moreover, some students

ended up sending the tasks to the instructor by

e-mail due to connection problems. It is clear that

connection problems will have to be corrected for
future academic courses.

� Students used group forums instead of general

forums because they did not want others to know

what they had asked and because questions were

mainly related to specific projects. However,

students used this tool more often at the begin-

ning of the course than at the end and preferred to

resolve doubts using face-to-face sessions. It is
believed that students would have used forums

and chats more if it had been a distance learning

course rather than a blended learning course.

Moreover, students did not use the search tool

to find similar questions in the forum, which

meant that the instructor had to answer the

same questions many times.

� Although the chat rooms were not compulsory,
73% of the students participated in them. They

found it to be a good tool for addressing design

doubts by sharing a CADdrawing and asking the

instructor questions. However, instructors com-

plained about the difficulty of running a chat

when more than 5 students take part in it and

ask different questions. It is difficult to respond to

all the questions simultaneously because answers
normally include sketches that need to be drawn

and uploaded to Atenea and then discussed.

Although several researchers suggest how to suc-

cessfully form groups to promote interaction

among group members [11], [26], in this academic

year we decided not to modify this aspect until the
new methodology was well adapted in the course.

This methodology was based on continuous group-

based learning but further work is required to

explore the possibility of including project-based

learning (PBL). PBL covers any learning environ-

ment in which the problem drives the learning. This

means that before students acquire knowledge, they

are given the problem. The problem is posed in such
a way that the students discover that they need to

learn something new before they can solve the

problem [27].

This methodology can also be extended by in-

cluding a web-based curriculum environment that

allows students to develop their learning portfolio

and interact with peers through a web learning

system [28]. Such systems can record learning activ-

ities on weblogs.

5. Conclusions

Comparison of students’ results and feedback in the

2007–2008 academic year (before this methodology

was implemented) with those of the 2008–2009

academic year (following implementation) reveals
that the continuous group-based learning metho-

dology in combination with blended learning

proved to be feasible and produced good learning

design results. Students and instructors who fol-

lowed the new learning methodology greatly appre-

ciated the opportunity for the students to work in

groups, in combination with face-to-face and ICT

sessions, and to study using thewrittenmaterial that
was provided.

This study concluded that students prefer a for-

mative assessment during the course rather than a

final summative assessment. They generally feel

more confident when they receive feedback from

the instructor throughout course, even though it

means that they have to work during the entire

semester rather than only at the end. A formative
assessment throughout the course keeps students

more on track than in traditional courses with only

one final, summative assessment. However, the

workload of the students following the new metho-

dology was perceived to be heavier.

From the qualitative analysis it can be concluded

that the effective integration of face-to-face sessions

and ICTs is the basis for a successful design group-
based blended learning course, as confirmed during

the informal interviews with the students. The rapid

advance of web technology has enabled universities

to facilitate learning processes. Although this tech-

nology promotes collaborative learning activities,

the adaptation of these technologies to the specific

necessities of each course, such as those related to

design, is still a critical issue. Thus, students still
prefer to interact face-to-face than virtually as could

be noticed in the quantitative analysis. Students

who met face-to-face had little need for digital

chat sessions or other forms of digital collaboration,

and argued that face-to-face interactions are much

faster and more stimulating.

To conclude, although this new methodology of

continuous group-based learning for improving de-
sign skills is relatively new at the UPC, students

evaluate it positively; it could be implemented in

other subjects or university courses after further

studies have been carried out.

N. Forcada et al.300



References

1. R.D.AdamFinegold andL.Cooke, Exploring the attitudes,
experiences and dynamics of interaction in online groups,
Internet and Higher Education, 8, 2006, pp. 201–215.

2. Penny L. Hirsch and Ann F. McKenna, Using Reflection to
Promote Teamwork Understanding in Engineering Design
Education, International Journal of Engineering Education,
24(2), 2008, pp. 377–385.

3. J. L. Cano, I. Lidon, R. Rebollar, P. Roman, J. M. Saenz,
Student Groups Solving Real-life Projects, A Case Study of
Experiential Learning, International Journal of Engineering
Education, 22(6), 2006, pp. 1252–1260.

4. O. O. Demirba and H. Demirkan, Focus on architectural
design process through learning styles,Design Studies, 24(5),
2003, pp. 437–456.

5. D. A. Kolb, Experiential Learning: Experience as the Source
of Learning and Development. Prentice-Hall, Inc., Engle-
wood Cliffs, 1984.

6. C. Bravo, M. A., Redondo, M. Ortega and M. F. Verdejo,
Collaborative environments for the learning of design: a
model and a case study inDomotics,Computers&Education,
46(2), 2006, pp. 152–73.

7. S. Sharan, Cooperative learning: Theory and research, Prae-
ger, Westport, CN, 1990.

8. E. Stacey, Collaborative learning in an online environment,
Journal of Distance Education, 14 (2), 1999, pp. 14–33.

9. J. Whatley, An Agent System to Support Student Teams
Working Online, Journal of Information Technology Educa-
tion. 3, 2004, pp. 53–63.

10. T. J. vanWeert and A. Pilot, Task-based team learning with
ICT, design and development of new learning.Education and
Information Technologies, 8(2), 2003, pp. 195–214.

11. P-C Sun, H.K. Cheng, T-C Lin and F-S Wang, A design to
promote group learning in e-learning: Experiences from the
field, Computers & Education, 50(3), 2008, pp. 661–677.

12. D. W. Shafer, Design, collaboration, and computation: the
design studio as a model for computer-supported collabora-
tion inmathematics.AT.Koschmann,R.Hall&N.Miyake,
(Ed.). CSCL 2: carrying forward the conversation, 2002,
pp. 197–222.

13. J. Plume and J.Mitchell, Collaborative design using a shared
IFC building model –Learning from experience, Automation
in Construction, 16(1), 2007, pp. 28–36.

14. P. L. Brusasco, L. Caneparo, G. Carrara, A. Fioravanti, G.
Novembri, A. M. Zorgno, Computer supported design
studio, Automation in Construction, 9(4), 2000, pp. 393–408.

15. E. K. Yehuda, The impact of information technology on

design methods, products and practices, Design Studies,
27(3), 2006, pp. 357–380.

16. H-J. So and T. A. Brush, Student perceptions of collabora-
tive learning, social presence and satisfaction in a blended
learning environment: Relationships and critical factor,
Computers & Education, 51(1), 2008, pp. 318–336

17. A. A. Carr-Chellman, D. Dyer and J. Breman, Burrowing
through the network wires: Does distance detract from
collaborative authentic learning? Journal of Distance Educa-
tion, 15 (1), 2000, pp. 39–62.

18. M. A. Gabriel, Learning together: Exploring group interac-
tions online, Journal of Distance Education, 19(1), 2004,
pp. 54–72.

19. M. Graham, H. Scarborough and C. Goodwin, Implement-
ing computer mediated communication in an undergraduate
course—A practical experience, Journal of Asynchronous
Learning Network, 3(1), 1999, pp. 32–45.

20. P. J. van Eijl, A. Pilot and P. Voogd, Effects of Collaborative
and Individual Learning in a Blended Learning Environ-
ment, Education and Information Technologies, 10 (1/2),
2005, pp. 49–63.

21. D. Laurillard, Rethinking University Teaching, 2nd ed.
London: Routledge Falmer, 2002.

22. N. Forcada, M. Casals, X. Roca and M. Gangollels, Stu-
dents’ Perceptions and Performance with Traditional vs.
Blended Learning Methods in an Industrial Plants, Interna-
tional Journal of Engineering Education, 23(6), 2007,
pp. 1199–1209.

23. H.W.Marsh, SEEQ:A reliable, valid, and useful instrument
for collecting students’ evaluations of university teaching,
British Journal of Educational Psychology, 52, 1982, pp. 77–
95.
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Appendix A: Evaluation Questionnaire
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Learning

1. You find the subject intellectually challenging and stimulating. 1 2 3 4 5

2. You have learned something that you consider valuable. 1 2 3 4 5

3. Your interest in the subject has increased as a consequence of this subject. 1 2 3 4 5

4. You have learned and understood the subject materials. 1 2 3 4 5

5. Your learning grade would have improved with more face-to-face sessions. 1 2 3 4 5

Organisation/Clarity

6. The proposed objectives were in line with what was actually taught so you understood the direction of the course. 1 2 3 4 5

7. The class material was well prepared and carefully explained. 1 2 3 4 5

8. The instructor’s presentations were clear. 1 2 3 4 5

9. The instructor gave presentations that facilitated note-taking. 1 2 3 4 5

Interaction with the instructor

10. The instructor was suitably accessible to students during office hours or after class. 1 2 3 4 5

11. The number of queries posed to the instructor during the face-to-face sessions was: 1 2 3 4 5

1. None 2. Between 1 and 3 3. Between 3 and 5 4. Between 5 and 7 5. More than 7

12. The number of queries posed to the instructor outside the face-to-face sessions was: 1 2 3 4 5

1. None 2. Between 1 and 3 3. Between 3 and 5 4. Between 5 and 7 5. More than 7

13. In relation to the queries posed to the instructor, you contacted the instructor face-to-face: 1 2 3 4 5

1. Never 2. Rarely 3. Sometimes 4. Almost always 5. Always

14. In relation to the queries posed to the instructor, you used Atenea resources, e-mail, etc.: 1 2 3 4 5

1. Never 2. Rarely 3. Sometimes 4. Almost always 5. Always

Interaction with the group

15. When working in a group, you contacted the other members face-to-face: 1 2 3 4 5

1. Never 2. Rarely 3. Sometimes 4. Almost always 5. Always

16. The Atenea platform is a good tool for group-based work 1 2 3 4 5

Documentation

17. The basic course material is well prepared. 1 2 3 4 5

18. The reading list and complementary course material is complete and appropriate. 1 2 3 4 5

19. The homework, reading list, basic and complementary material, etc., facilitate the comprehension of the subject. 1 2 3 4 5

Evaluation

20. The methods for evaluating student work were fair and appropriate. 1 2 3 4 5

21. In general, the evaluation requirements were clear. 1 2 3 4 5

22. Exam and project contents correspond with the subject content. 1 2 3 4 5

23. Examination contents were in line with the professor’s emphasis in each module. 1 2 3 4 5

Workload/Difficulty

24. In relation to other subjects, this subject was: 1 2 3 4 5

1. Very easy 2. Easy 3. Average 4. Difficult 5. Very difficult

25. In relation to other subjects, the workload of the subject was: 1 2 3 4 5

1. Very light 2. Light 3. Average 4. Heavy 5. Very heavy

26. The subject pace was: 1 2 3 4 5

1. Too slow 2. Slow 3. About right 4. Fast 5. Too fast

27. The average number of hours per week required to prepare for the exam outside the classroom was: 1 2 3 4 5

1. Between 0 and 2 2. Between 2 and 5 3. Between 5 and 7 4.Between 8 and 12 5. More than 12

28. Total number of hours required to prepare the project outside the classroom: 1 2 3 4 5

1. Less than 10 2. 10–25 3. 25–35 4. 35–50 5. More than 50

Other information

29. Your level of interest in the subject before starting the classes was: 1 2 3 4 5

1. Very low 2. Low 3. Normal 4. High 5. Very high

30. Your level of interest in the subject after finishing the classes was: 1 2 3 4 5

1. Very low 2. Low 3. Normal 4. High 5. Very high

31. The final mark you expect to achieve for the project is: 1 2 3 4 5

1. Less than 3 2. Between 3 and 5 3. Between 5 and 7 4. Between 7 and 9 5. More than 9

32. The final mark you expect to achieve for the exam is: 1 2 3 4 5

1. Less than 3 2. Between 3 and 5 3. Between 5 and 7 4. Between 7 and 9 5. More than 9

33. Your average mark at the university is: 1 2 3 4 5

1. Less than 3 2. Between 3 and 5 3. Between 5 and 7 4. Between 7 and 9 5. Higher than 9


