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Abstract—This document reflects the results of the study at the 
end of the course, which justify how the application of problem-
based learning and collaborative learning help the student to take 
on board in the most appropriate way the study material. An 
analysis of the results of the surveys carried out amongst those 
students learning Communication Systems in Industrial 
Technical Engineering was undertaken, in order to evaluate 
whether the application of Problem-Based Learning (PBL) 
methodology together with Collaborative Learning (CL) was 
likely to improve the rate of development of their ability 
indispensable in today´s business world, and also to achieve those 
objectives set out in the course. By far the majority of students 
showed a very positive attitude towards this methodology, their 
objections being very limited. A comparison was carried out with 
the results of those courses of a similar nature at the University of 
Cordoba, as was the attitude of the students towards this new 
methodology, with very comparable results. 

Keywords- collaborative learning, learning management system 
(LMS), problem-based learning (PBL), communication system, 
education. 

I. INTRODUCTION 
Despite educat ional methods have changed over t he years 

according to the results (s uccesses and failures) that the sys tem 
imposes, as te achers we m ust find a way of looking at the 
challenges our future engi neers face, using new i deas, 
developing th eir creativ ity in  su ch a way as it i mproves th eir 
own k nowledge and t hat t hey l earn the study material a t the 
same time as resolving a problem or prop osed p roject. If, t o 
this way  of const ructing k nowledge usi ng t he pr oblem-based 
learning method (PBL), the achievements of whi ch have been 
collected in various bibliographical reports, we add 
collaborative l earning to  d evelop th e in tellectual cap acity and 
the so cial sk ills o f ou r stud ents th rough in teraction with  th eir 
colleagues, as teachers we will have achieved two very worthy 
objectives: t hat of gi ving t hem knowl edge and of p roviding 

them with  a r ange of ab ilities fo r th eir fu ture pro fessional 
development. 

Although it was in  th e Faculty o f Health  Scien ces o f the 
University of McMaster, that the new educational system now 
known as PBL was established in the 60s [1], this methodology 
has si nce been im plemented i n bot h primary and secon dary 
education, given i ts dem onstrable effi ciency, t hanks t o t he 
numerous pu blications th at praise th e p ositive effects o f its 
implementation in engineering courses [2-4]. 

The use o f Moodle, a l earning management system (LMS) 
adapted to  the co urse, contrib utes to  in teractivity an d th e 
meeting pl ace of ou r st udents out side of  t he cl assroom, so 
important for  t his cooperat ive l earning, the phi losophy of 
which is based on development and analysis. 

II. THE MAIN OBJETIVE 
This article is based on the analysis of results obtained from 

the st udents of t he fi nal In dustrial Engi neering co urse, 
following the application of the teaching method Problem -
Based Learning (PBL) using Collaborative Learning (CL). 

Communication Syste ms s ubject is e lective subject  
undertaken during the last term of the last year of the Industrial 
Engineering, Industrial Electronic speciality, degree. Its aim is  
to analyse different syste ms for high speed Internet accessing. 
Most of the students arrive with any knowledge of this matter, 
due to they come from the area of Industrial Electronics. 

Due to  th e u se of both th e PBL an d th e C L, th e stud ents 
develop the learning process in groups by the project solving, 
achieving t he sub ject goal s by  experi menting and searc hing 
information so urces. Thi s m ethodology hel ps t he st udents t o 
understand an d assi milate t he kn owledge t hrough t he us e o f 
basic assu mptions vers us t he con ventional method us ed 
previously mainly b ased o n th e master c lass. In  th e PBL  
method, the problem is fi rst presented to identify the learning 
requirements and then it is es sential the information-gathering 
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process to, finally, return to the problem. Hence, the l earning 
process is reversed. The foundations of the PBL methodology 
are t he C ooperative Learni ng and  t he C onstructivism, w here 
the students acquire skills through problem solving. 

The ad vent o f t he m odern kn owledge s ociety requi res 
changes i n e ducational proc esses [5] . Eve rything seem s t o 
indicate th at t he PBL m ethod is a b etter way o f im parting 
education in co mmunications syste ms, o r ev en techn ology in 
general. PB L course st udents l earn soc ial ski lls t hrough 
interaction i n sm all groups , h ow t o i dentify and define a 
problem, an d h ow t o lo ok for and  filter o ut relev ant 
information [6 ]. PB L prom otes engagem ent i n meaningful 
learning and cooperation among students [7]. In the same way, 
collaborative learning change s the structure of learning in the  
classroom, permits interactions and makes easier and develops 
basics skills  s uch as dialog ue and solidarity, amongst other 
things. T he m ethodology an d i ts ap plication f or ed ucation i n 
communication systems will be discussed in this paper. 

Despite a wi de-ranging bibliography w hich de fends t he 
positive results of the a pplication of these methodologies, as 
investigators we are bo nd to  qu estion wheth er it is th e most 
appropriate method for o ur engi neering s tudents, gi ven t he 
recent nature of its im plementation in the c ourse and the fact 
that as human beings we are naturally slow to adopt new ideas. 
Because of this, using a series of s urveys, we m anaged to 
discover how p eople felt ab out th e i mplementation o f th is 
method compared to traditional teaching methods, taking i nto 
account the final results of the evaluations of knowledge gained 
and cross-referencing abilities. 

III. METHODOLOGICAL APPROACH 

A survey at the end of the course showed that students were 
satisfied with  th e pedagogical approach. These  results are  
based in a questionnaire with four items, where the students are 
asked about the effectiveness of the method applied during the 
semester versus the t raditional method (master class) to attain 
the subject goals. The interrogated students were a to tal of 22. 
The cont ribution was com pulsory an d anonymous. The  
students t ake an average  of 10 m inutes t o answer t he 
questionnaire. The o pinion o f t he st udents, al lows us t o tell 
whether t his methodological pract ice i s t he m ost approp riate 
for the teaching development of the  communication systems 
course, t aking i nto account  not  onl y t he assessm ent of t he 
students invol ved, but also the final acad emic results o f the 
students compared with the course records, which allows us to  
demonstrate objectively h ow th e applica tion o f this 
methodology obtains bet ter l earning res ults, not  onl y at  an 
academic leve l, but also in the way the student  is more  
involved i n t he l earning pr ogramme and g ets from  i t great er 
personal satisfaction. The knowledge evaluation carried out on 
the students, in ter ms of end exam s, shows that there was a 
significant d ifference in  th e knowledge g ain. Th e sk ill sets 
acquired were defi nitely great er t han t hose acqui red by  t he 
students of t raditional educati on as was dem onstrated by  t he 
results of the skill test conducted at the end of the course. 

Following a nalysis of t he obser vations made by  t he 
students, we can divide the evaluation of the methodology into 

Very Positive, Positive and Negative. Table I shows the results 
with the corresponding percentages.  

Following are some of the comments made by the students 
in defense or rejection of the new methodology (Table II).  

IV. ACADEMIC RESULTS AND OBSERVATIONS 

Many questions have arisen and for the most part they have 
been assessed favourably. Eq ually, a sm all percentage sh ows 
up of students who continue preferring to develop their work in 
an in dividual way, b elieving th at th eir final resu lts will  b e 
better. The rejection by som e students of the m ethodology in 
the in itial p hase o f its app lication h as alread y b een described 
by Felder [8]. 

Looking at th ese resu lts it ca n be claimed that despite the 
recent application of the  m ethod in the course, the Very 
Positive ev aluation is o verwhelming, in  th e stu dents wo rds 
“interesting”, “engagi ng”, “dynamic” wo rking in  a 
collaborative way in the development of the PBL methodology, 
favouring the exchange of opinions with those with whom they 
had not previously worked, given that the those people making 
up t he gr oups had been ch osen arbi trarily by  t he profes sor. 
Many underline the importance of working in a group as being 
a stepping stone in  the way they will inevitably develop their 
professional careers. 

TABLE I.  PERCENTAGE OF EVALUATIONS 

 Percentage 
Very positive 63,6% 

Positive 27,3% 
Negative 9,1% 

Total 100% 
 

TABLE II.  ARGUMENTS FOR AND AGAINST THE APPLICATION OF 
THE METHOD ACCORDING TO THE POSITION OF THE STUDENT. 

 Arguments for and against 
Very positive (63,6%) It is an interesting method which allows for the 

expression o f co ntrasting opini ons, unlike 
traditional teaching methods where the opinion 
of the professor is  the final wor d an d we the 
students must accept that. 
 
It is more engaging bein g able to exchange 
ideas and participate. 
 
The class is more dynamic. 
 
It is a good method for interchanging ideas. 
 
It allows you to listen to the opinion s of others 
and compare ideas. It makes you think and it is 
easier to retain information. 
 
Because you work in a group, the class is more 
active. 
 
It br ings benefits such as being a ble to wor k 
with class-mates. 
 
One learns the opinions and pr oposals of ones  
class-mates. I t is easier  to understand certain 
things when a class-mate explains them. 
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Working as a team  has  made it easier  to  
resolve problems. 
 
It allows one to share the different view-points 
of the whole gr oup, to lear n to fit in and to 
work as a team. 
 
I would do the same thing again in other  
courses. 

Positive (27,3%) It is a ver y good m ethodology but sometimes 
one works better alone. 
 
Working as  a team  is good when all of the 
group members pull together. 
 
It works well when there are few people in the 
group, but it is better  working alone when the 
groups ar e very big, given that it is much 
harder to make headway  when so many have 
to be in agreement. 
 
Not all the gr oup members put in the sam e 
amount of effort. 
 
It is a good method, but not necessarily for the 
entire course. Sometimes it is  good to have a 
traditional theory class. 

Negative (9,1%) I prefer working alone. 
 
I don´t feel comfortable. I prefer the traditional 
method. 

 

The students point out the fact that working in a group and 
with their classmates explaining certain concepts (and therefore 
those th ey consid er as equ als), helps with understanding and 
retention. 

There is a certain group of students who, despite showing a 
positive reaction to this type  of apprenticeship, allege that  the 
application of this methodology requires more time to develop 
the activity than that  of traditional teaching m ethods. Ot hers 
claim t hat the st udent o nly real ly underst ands t he part t hey 
have worked on, which shows that they do not understand the 
philosophy of this methodology, the point of which is that al l 
the stu dents ach ieve th e o bjectives la id o ut in  th e co urse 
through t he development of t he pro blems or p rojects put  
forward. The fact that no one component part of  the group i s 
able to provide an a dequate solution to the problem may be a  
negative facto r in  th e development o f th e wo rk. Finally, th e 
lack of invol vement of some  of the me mbers may also  
unbalance the work of the other component parts. 

Amongst the negative opinions, that which stands out for a 
small minority of students is th e refusal to a ccept the changes  
in methodology and the simple fact that the implementation of 
PBL i nvolves dedicating m ore t ime to and  bei ng dependent 
upon a gr oup of people who perhaps are no t committed to the 
activity, undermining the end results. 

Following we show the academic  results  compared with 
those o f t he two previous courses  (see Fi gure 1,  2  an d 3), i n 
order to  h ighlight th e effectiv eness of th e application o f the 
method in a teaching environm ent, given that the ultimate 
purpose of  p ursuing i ts appl ication i s t o s how t he l evel o f 
effectiveness of this methodology. It  is important to point out  

that th e en rolment n umber were 2 0 in  200 6/2007 an d 23  in  

Figure 1.  R

2007/2008. 

esults of the student evaluation: overall grades (2006-2007). 
University of Valladolid, Spain 

 

Figure 2.  Results of the student evaluation: overall grades (2007-2008). 
University of Valladolid, Spain 

 

Figure 3.  Results of student evaluation: overall grades (2008-2009). 

 

University of Valladolid, Spain 
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V. CONCLUSIONS 

 

Thus, th is article reflec ts th e resu lts o f th e stu dy wh ich 
justify ho w t he appl ication of problem-based l earning an d 
collaborative learning help the student to take on b oard in the 
most appro priate way  t he st udy material and i mprove t heir 
social skills. T he social skills  gai ning were also observe d by 
the students. They ad mit th rough the s urvey that the g roup 
working let th em sh are, in tegrate, and  ev en learn t to work  in  
group and to listen to others, better communicating their ideas. 

From this information it is obvious the need for a change in 
the conception of the teaching-apprenticeship process, although 
this d oes n ot necessarily imply th at the tr aditional clas sroom 
environment no longer has its pl ace. What stands out from the  
gathering of data is h ow th e joint app lication of t hese 
methodologies is generally well -received by the student.  The 
fact that the surveys were carried out anonymously leads to the 
belief th at they are v alid an d th e fact that the grades of the 
students have  im proved co nsiderably, confi rms once agai n 
what t he st udies have demonstrated in ac cordance with the 
application of  t his methodology: i ts effect iveness i n t he 
appropriate devel opment of concept ual an d cross -referencing 
skills of those students taking engineering degrees. 

It is also  worth noting that the statis tics of this study have 
been compared with those of degree courses of a similar nature 
in the field of engineering, of the department of computing and 
numeric analysis of the University of Cordoba, where the PBL 
methodology has been a pplied in a si milar way, together with 
collaborative l earning. We a ppreciate an i mprovement in t he 
final grades in both Universities (see Figure 4 and 5). 

We can also see a hi gh level of sat isfaction amongst those 
students q uestioned abo ut t he benefi ts of  this new way  of 
acquiring knowledge.  

We b elieve it would be in teresting to  ex tend th is stud y to 
different courses and degree subjects, with the idea of soliciting 
the opi nion of t he st udents o f t his t echnique for  t he different 
subjects of the study, given that it may not be so easy to apply.  

The results could differ accordi ng to the contents, adapting 
the most appropriate methodologies to each course to gain the 
necessary skills. Only by finding the most appropriate method 
using the feedback of the interested parties, we will b e able to 
obtain t he bes t resul ts and the hi ghest l evel of sat isfaction 
amongst students. As professors we must take into account  the 
opinions of the students with respect to the methodology which 
sparks the most interest, motivates and improves results.  

Figure 4.  Improvement in the final grades. University of Valladolid 

 

Figure 5.  Improvement in the final grades. University of Cordoba 
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