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Abstract— when practical classes are not properly planned and 
organized, students tend to see them as a mere requirement in 
which they should spend the minimum amount of time and effort. 
As a consequence, the aim of these practical classes is completely 
distorted. A solution to this problem is the well-known project 
based learning approach (PBL). In this paper, the influence of 
practical classes, each one organized as a small PBL activity, is 
analyzed in the field of a microcontroller-based system design 
course. When the results obtained in different years are 
compared in order to analyze an educational methodology, some 
variables of this analysis change (e.g.: the group of student, the 
difficulty of the exams, etc). Instead, in this paper the marks 
obtained by students that faced the practical classes correctly are 
compared with the marks of the students that considered them 
just as a requirement that needs to be fulfilled. In this way, the 
analysis is not distorted by the change of some variables. 
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I.  INTRODUCTION 
The Bologna process has highlighted the overly theoretical 

aspect of s ome courses i n S panish t echnical degrees [ 1, 2] . 
Also, when practica l classe s are not  pro perly planned and 
organized, students tend to see them as a mere requirement in 
which t hey sh ould spe nd t he minimum am ount of t ime and  
effort. As a con sequence, they lose the opportunity to put into 
practice what  t hey are t aught i n l ectures. Hence, t hey t end t o 
acquire this new knowledge in an ex cessively theoretical way, 
without promoting the skill at appl ying it to the real situations  
they wi ll face once t hey graduat e. Anot her conseq uence of 
these wron g-planned practical classes is t hat sk ills su ch as 
collaborative work, task management, critical thinking, etc. are  
not properly promoted. 

The project-Based Learning (PBL ) is a  useful approach in 
order t o el iminate t his t wo negative co nsequences [3 -5]. No t 
only st udents are gi ven t he opportunity t o put  i nto practice 
what they lear n in lecture classe s, but also they work in an 
environment in which col laborative work and other important 
skills are needed (public presentations, etc.). As a consequence, 
the knowledge acquired in lectures is not simply memorized; it 
becomes a tool for solving the problems that students will face 
in th eir fu ture j obs. Th is is even m ore ev ident in  cou rses in  
which, due to their thematic, students have the opportunity to 
use real equipment in the practic al c lasses [6-8]. This is only 
possible w hen t here are  en ough workbenches, which us ually 

implies l ow-cost equi pment, and al so when som e aut onomy 
can be given to students, which usually implies that there is no 
risk for equ ipment o r stu dents if th ey wo rk with out direct  
lecturer’s supervision. 

In t his pa per, the i nfluence of PB L on a microcontroller-
based-system design course is analyzed. The main objective is 
determining h ow t he l earning process o f s tudents i s af fected 
depending on the way they face PBL-based practical c lasses. 
Without any change in the lecture classes, e ach practical class 
is o rganized as a smal l PBL activ ity: a larm wi th h ysteretic 
levels fo r contro lling an  anal og m easurement, chronometer 
controlled by matr ix keyboard, thermometer with  temperature 
record, etc. One of the key is sues o f th is p aper is th e way  in 
which the results are analyzed. Instead of comparing the results 
obtained this year with the results obtained in previous ones, in 
which the practical classes were not PBL-oriented, the analysis  
compares the resu lts obtained by students that tried  to  benefit 
from practical classes with the results obtained by students that 
considered the m as a require ment. In  th is way, th ere is n o 
variation of certain variables in the analysis, such as  the group 
of student, the difficulty of exams or the group of lecturers. 

The organization of this paper is as fol lows: firstly, a bri ef 
description of the course i s given in order to have a com plete 
framework (section II). In section III, the new practical classes 
approach, based on PBL, are described. The way in which the 
dedication to practical class es is m easured i s described i n 
section IV. In th is sectio n, th e an alysis o f th e resu lts is also 
presented. Th is is co mpleted b y th e tes t re sults ex plained in 
section V. Finally, some conclusions will be presented (section 
VI). 

II. COURSE DESCRIPTION 
The PBL ap proach analyzed in  th is paper is ap plied to  an 

annual co urse of t elecommunication engi neering de gree. The 
course i s cent ered i n t he desi gn an d devel opment o f 
microcontroller-based sy stems and i s g iven i n t he third 
academic year. Evaluation is done by means of two exams. The 
first one is set at th e end  of the first semes ter and the second 
one is set at th e end of the acad emic year. In these exams, only 
practical quest ions are do ne, t rying t o avoi d co ntents 
memorization by  st udents. In  t he fi nal evaluat ion, t he resul ts 
obtained in practical classes  ar e also taken into account  (the  
evaluation of practical classes is explained in the next section). 
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The num ber of st udents i s appr oximately one hu ndred, 
divided in two groups for lectures and five groups for practices. 
This means that the number of st udents per  pract ical group is 
twenty. Thi s hi gh number of st udents ha s a very  im portant 
influence on t he way practica l classes are organized, as it will 
be explained later. 

Another important aspect related to practical classes is that 
the t opic of t he course i mplies, on one hand , l ow-cost 
equipment and, on the other, no risk for students when solving 
each project on their own [9, 10]. Hence, it is possible to have 
enough n umber of  w orkbenches and  t o l eave t he l aboratory 
open for the students without lecturer’s direct supervision (see 
Fig. 1). 

III. PRACTICAL CLASSES DESCRIPTION 
Practical classes, as has been  mentioned, are PBL oriented. 

The aim  i s that st udents do  not sim ply memorize what is 
explained i n l ecture cl asses. Inst ead, t hey should acq uire t he 
skill of using it  for solving the real-life problems they will face 
in their future jobs. Also, other skills demanded by companies 
in their new workers a re prom oted (e.g.: collaborative work, 
public presentation, etc.). 

Firstly, it should be t aken into account  that the number of 
lecturers for the whole course is o nly two, wh at mak es th e 
number of st udents too high for a t raditional PBL to be done . 
Hence, each practical class is organized as a small PBL activity 
rather than de veloping a larg er one for the whole academic  
year. In this way, the supervision task is simplified and can be 
done by the reduced number of lecturers in charge of the course 
(see Tab le I). Nevertheless, th e main reason  th at ju stifies th is 
organization of the practical cla sses i s an other. Each of t his 
small PBL activities is related to one (or two ) of the topics of 
the course. I n this way , st udents have t he op portunity t o put  
into practice what is explained in l ecture cl asses, im proving 
their sk ill o f ap plying th eir new acqu ired knowledge to  real 

problems, rath er th an sim ply memorizing it. To  h elp this 
approach, a special effort is done  in giving e ach practical c lass 
once the corresponding topics have been explained in lectures 
and once the students have had time to prepare and study them. 
In this way, the idea of practical class as a mere requirement 
tends to be blurred. 

TABLE I. PROPOSED SMALL PROJECT FOR EACH PRACTICAL SESSION. 
 Project description Related Topics 
1 First contact with the debugging/programming tool (MPLAB IDE, ICD2, etc.) Microcontroller introduction 
2 Counting the number of times a button is pressed. Representation of this number by means of four LEDs (in binary) In/Out ports 

3 Creation of different visual effects by means of four LEDs (changes from one effect to another are forced by pressing the 
button) 

In/Out ports 
Software Timers 

4 Chronometer with run/stop and reset buttons. Time represented with three seven-segment displays. Hardware Timers 
Seven-segment displays 

5 Chronometer controlled by means of a matrix keyboard of 16 keys. 
Hardware Timers 
Interruptions 
Matrix keyboards 

6 Digital Frecuencymeter (range: 10-20000 Hz) CCP module (Capture) 
Interruptions 

7 Chronometer controlled by means of a matrix keyboard and with a LCD display 
LCD display 
CCP module (Comparison) 
Matrix keyboards 

8 Alarm with hysteresis for controlling an analog voltage value which needs to be shown every second on the LCD display. 
CCP m odule ( PWM and 
comparison) 
AD converter 

9 Data-logger of the information sent by the PC (serial communication) USART module (asynchronous 
communication) 

10 Temperature measurement (sensor controlled by I2C) and storation of the results in an external memory. The stored data 
will be sent to a PC when demanded (serial communication) 

SSP module (I2C) 
USART module 
External d evices (te mperature 
sensor, EEPROM memory,…) 

Figure 1.  a) Laboratory with 12 workbenches for the practical classes; b) 
Workbench for every working group of 2-3 students; c) elements for 

debugging/testing the solution implemented for each project. 

 
1778



 
 

In order to p romote the acquisition of certain skills such as 
team work an d t ask m anagement, st udents were organized i n 
working groups of two or th ree members (hence, in each 
practical class  there a re seven or ei ght working gr oups). I n 
principle, a h igher n umber of st udents per g roup would 
increase th e development of th ese sk ills. Nev ertheless, it 
should be taken into account that one of the key issues for PBL 
success is avoiding passive member in each group. Considering 
that each practical c lass is organized as a s mall PBL activity, a 
higher number of st udents per working group would lead to a 
reduced am ount of  w ork p er st udent a nd w ould fa vor t he 
passive attitude of some of the members. 

Evaluation of each activity is also planned s o that students 
acquire an d develop certain  sk ill lik e, for in stance, oral 
expression, p ublic present ation or technical writing. When a 
working group has fi nished one o f t he p roposed projects, i ts 
members ex plain th eir so lution to  lectu rers, j ustifying th e 
design decisions t hey m ade. Al so, t hey h ave t o ans wer t he 
questions aske d by l ecturers, w ho act  as c ontractors of  t he 
working group. B esides, a report  has t o b e hande d o ver by  
every student. In this practical report they have to explain their 
solution an d answer t o a questionnaire with pract ical an d 
theoretical questions related to the corresponding topic (but not 
necessarily to the project proposed for that topic). In this way, 
students need  to study what has been  explained in lectures in 
order to do the practical report. Hence, not only the mentioned 
skills are promoted, but also copying is prevented or, at least, is 
easily detected and the appropriate measures can be taken [11]. 

An i mportant aspect  t hat shoul d be hi ghlighted, a nd t hat 
later wi ll be di scussed as a possi ble im provement of t he 
proposed approach, i s the absence of a l imit date for hand ing 
over each project solution. Ne vertheless, it was strongly 
emphasized by lecturers that prac tical clas ses would only be 
useful if each project is done  immediate ly after the related 
topics are expl ained in lectures and bef ore the next  topics are 
finished. This leads to a two-week period of time for doing and 
finishing each project. T he ai m was improving the s elf-
management of each student and of each working group. 

IV. ANALYSIS OF THE PROPOSED METHODOLOGY 
The effect iveness of t he pro posed m ethod i s goi ng t o b e 

analyzed co mparing t he results obt ained by st udents of  t he 
same acade mic year. In this wa y, the influence of certain 
variables that change from one year to another (students, exam 
and lecturers) is neglected. Speci fically, i n th is an alysis th e 
results obtained by students who respected the proposed date of 
handing over are com pared w ith t he r esults obt ained by  
students who  did no t. Th at is, a relatio n between  th e resu lts 
obtained in the course (final mark) and the dedication degree to 
practical classes is established. 

A g ood m easure o f t he dedication degre e t o pract ical 
classes (rather than the mark obtained in their evaluation) is the 
date of han ding over. In this way , students that t ry to benefi t 
from practic al classes have  ear lier d ates if co mpared with  
students that only try to  ‘fulfill the requirement’. Obviously, it 
is possible to consider that the opposite situation may happen: 
students that do not see the proposed projects as an opportunity 
to improve their knowledge have earlier dates of han ding over 

as they try to finish as soon as possible. It should be taken into 
account that each practical class needs a previous studying of 
the conce pts expl ained i n lecture cl asses (som ething 
characteristic of PBL). As a c onsequence, the students who try 
to observe the recommendations o f the l ecturers usually have 
the earl iest handi ng o ver dat es. Al so, t hese st udents have t he 
higher m arks in the practic al ev aluation (nevertheless, this 
variable is not considered for measuring the dedication degree). 

Considering this, the handing over date of each student was 
taken down in order to measure the dedication degree. In this 
way, it is possible to calculate an average handing over date for 
each practical session at the end of the academic year: 

N

X _ i
X 1

i

HOD
HOD

N
==
∑

 (1) 

in wh ich HODi is the average handing over d ate of  pro ject 
number i , HOD X_i i s the handi ng ove r dat e of st udent X  fo r 
project number i and N is the overall number of students. 

With th is av erage v alue, it i s p ossible to  d etermine th e 
dedication de gree of each student  to e ach practical class 
(DDX_i) by means of the following equation: 

X _ i i X _ iDD HOD HOD= −  (2) 

in wh ich positive v alues means th at th e stud ent presented th e 
solution before the average date and negative values after th e 
average date. That is, p ositive v alues m eans h igh dedication 
degree a nd negative val ues m eans l ow dedication de gree. 
Calculating the average value of  the ten practical sessions for 
each student, it is possible to ob tain a numerica l value that 
measures the dedication to practical classes: 

10

X _ i
i 1

X

DD
DD

10
==
∑

 (3) 

in wh ich DD X represent s t he dedi cation degree of st udent x  
considering that the total number of practical classes is ten. 

The othe r variable analyzed is th e m ark o btained in  the  
course. In this mark, it is taken into account not only the results 
in th e two  exa ms, b ut also  th e evaluation of the practical 
classes. In  th is way, th e final mark represents the success not 
only in knowledge acquisition (mainly evaluated by means of 
the two exams), but also in skill acquisition (mainly evaluated 
by means of practical classes). 

In Fig. 2, th e relatio nship between th e t wo variables is 
shown. The x -axis represent s t he dedi cation degree, i n wh ich 
positive values rep resent a h igh degree of ded ication whereas 
the negative values represent low ones. This variable has be en 
normalized to  th e m aximum p ositive valu e. Th e y-ax is 
represents th e mark  ob tained in  th e cou rse. Th e p ass is 
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achieved with a minimum mark of five and the maximum mark 
is ten. 

The first important result that should be hi ghlighted is that 
the number of students that did not sit the exam is considerably 
lower i n t he gr oup wi th a hi gher de gree of dedication. 
Specifically, 9 students with a positive degree of dedication did 
not sit the exam, whereas in the negative-dedication group this 
number rises to 47 . This means that only 16% of t he students 
that did no take th e exam had a positive degree of dedication. 
This result is even better if it is taken into account that some of 
those ni ne st udents were cl osed t o a passive at titude i n t heir 
working group, t aking ad vantage of  t heir mates but  without 
being clearly detected during the presenta tion of each s mall 
project. Thi s i s som ething that  shoul d be correct ed wi th t he 
improvements proposed later. 

The anal ysis o f t he resul ts obt ained by  st udents t hat t ook 
the exam  also  validates the proposed m ethodology. T he best 
marks are o btained by  st udents wi th t he highest de grees of  
dedication. In fact, in this group the number of students with a 
mark above five i s 26, whereas t he num ber of fails i n t his 
group is only 9. This means that 75% of the students that faced 
practical classes in a correct way passed the exam. On the other 
hand, onl y 5 st udents wi th a negat ive degree of dedication 
passed the exam, which is a lo w number if co mpared with the 
12 st udents t hat fai led. Thi s means t hat only 29% o f the 
students that did not take into  account the  proposed handing 
over date passed the exam. 

It should be noted that 41 did not hand over all the practical 
reports or they did in the last two weeks before the exam. Their 
handing over date was not ta ken into account for determ ining 
the HOD i. If these dates ha d bee n c onsidered, the  analysis 
would have been distorted as these students did not even assist 
to lectures. That is, they gave  up the cou rse before the fi rst 
semester ended. This fact will b e deeply discussed in the next 
section, as it has a ve ry close relation to the absence of a  
mandatory handing over date. 

V. ANALYSIS OF THE TEST RESULTS 
At th is p oint, it is o nly p ossible to  en sure that a relat ion 

between high degree of dedication and sat isfactory knowledge 
and sk ill acq uisition ex ists. Nev ertheless, it is n ot p ossible to  
ensure that these good res ults are a co nsequence of the 
proposed method. It i s possi ble t o consi der t hat goo d st udent 
would have o btained hi gher m arks i ndependently fr om t he 
approach employed in practical cl asses. In order to clarify th is 
point, at the  end of the  acade mic year a test with several 
questions a bout t he pr oposed m ethod was do ne by  e very 
student. The results obtained fo r each question are shown in 
Fig. 3,  i n which a value o f t en means ‘I totally agree’ and a  
value of zero means ‘I totally disagree’. 

The first two questions of the test were: 

• Question 1 : The practical classes helpe d me in 
understanding the theoretical contents of the course. 

• Question 2 : Complementing ev ery top ic with  a 
practical cl ass hel ped m e in unde rstating what  i s 
explained in lecture classes. 

R
es

ul
t (

0-
10

)

Figure 3.  Results of the test done by every student. 

Figure 2.  Comparison between dedication degree and the final mark of each student. The five practical groups (or course groups) are differentiated. 
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As can be  s een, the results show that  the proposed 
methodology, in which each practical session is organized a s a 
small project , helps st udents in acqui ring t he kno wledge a s a 
useful tool, rather than simply memorizing it. This is th e main 
objective and it has been fulfilled. 

Other objective was th e improvement of certain skills such 
as col laborative w ork or pu blic pres entation, st rongly 
demanded f or new en gineers i n t heir jobs . Thi s aspect  was 
analyzed by means of the following question: 

• Question 3 : T he practical classes allowed m e to  
practice certain skills such as collaborative work. 

The resu lt shows th at th is po int was also  covered b y the 
proposed methodology. 

Finally, the last two questions asked in the test were: 

• Question 4: Practica l classes have shown me th at a 
real project is more complex than solving a problem 
‘on the paper’. 

• Question 5: Practica l classes have shown me th at a 
real pro ject i nvolves n umerous related t opics 
(analog electronics, common sense, etc.) 

The objective of showing th e stu dents th at th e n ew 
knowledge i s not o nly t heoretical cont ents t hat have t o be 
memorized is also  fu lfilled (th ese two  questions h ave clo se 
relation to the first two). 

If all the results are considered (not only the test results, but 
also t he com parison bet ween de dication deg ree an d final 
mark), i t i s possi ble t o i nfer t hat t he prop osed m ethodology 
satisfies all t he goal s pu rsued by  l ecturers. The kn owledge i s 
not simply memorized; i t is acquired by students as a t ool for 
solving the re al problem  the y will face in their future jobs. 
Also, o ther very i mportant sk ills (o ral ex pression, cri tical 
thinking a nd technical wri ting) are al so promoted by  t his 
methodology. The main drawback for PBL to be i mplemented 
in t his cour se was t he hi gh ratio st udents-lecturers. 
Nevertheless, the results show that this problem can be avoided 
if small PBL activities are planned all along the course duration 
instead of a single and more complex project. 

There are some aspects that can be improved. The handing 
over limit date was only a recommendation. As a consequence, 
only 4 4 stu dents h ad p ositive d edication d egrees. Also , 4 1 
students did not sit the exam. Considering that the method has 
proven to be effective, the suggested handing over date should 
be tu rned in to a mandatory date, as a tria l fo r decreasing the 
number of st udents giving up t he course. This i nvolves some 
difficulties. Th e most important o ne is: Wh at h appens if a 
student d oes n ot present  a project so lution b efore th at date ? 
The easi est opt ion w ould b e t hat st udent fai ling t he w hole 
course. Neve rtheless, t his w ould not necessarily i ncrease t he 
number o f stu dents with  p ositive d edication d egree. Po ssibly, 
this wo uld i ncrement t he nu mber of st udents copy ing f rom 
classmates or, even worse, in crementing the num ber of fails 
just due t o a d elay of a few days. This is a t ypical problem of 
PBL and t here i s not  a ny easy  sol ution: bo nuses i n t he fi nal 
mark for t hose st udents t hat present ed al l practices on t ime, 
reducing the mark obtained in a practice for every day of delay, 

etc. Al l possi ble sol utions have m erits and flaws. Lect urers 
should sel ect t he o ne which better sui ts t he cou rse, t he P BL 
activity and the theme of the course. 

Another rem arkably aspect  that  sho uld be  hi ghlighted i s 
that the PBL approach demands more dedication not only from 
students, b ut al so from  l ecturers, whose availability for the  
students can n ot be l imited to t he practical classes timetable. 
Students work in the proposed projects all along the two weeks 
between each practical class.  Sometimes, they get stuck and 
need some help in ord er not to lose excessive time. This does 
not mean that every problem needs to be solved by lecturers in 
the instant that it appears (students have to deal with difficulties 
trying to  find the so lution on  th eir own o r th e PBL lo ses its 
benefits). Neverth eless, if t hey h ave tried  sev eral po ssible 
solutions and they di d not  wor k, st udents shoul d have the 
possibility o f ask ing fo r “immed iate” lec turer’s h elp in  order 
not t o l ose excessi ve t ime and fal l behi nd. As a p ossible 
solution, th e two  lectu rers in  charge of practical c lasses 
organized the mselves so that there was a lways one of them 
available for students during teaching hours (not in the 
practice’s laboratory, but in their office or research laboratory). 
Nevertheless, t he best  opt ion for t his pro posed m ethodology 
would be i ncrementing t he number of  l ecturers from t wo t o 
three or f our, something that does not depend on t hem but on 
the University organization. 

VI. CONCLUSIONS 
In t his paper, evaluation of a PB L approa ch appl ied t o a 

microcontroller-based system design course has been analyzed. 
Due to the re duced number of l ecturers in charge of practical 
classes, the PBL m ethodology was applied by means of s mall 
projects rather than a m ore com plex si ngle pr oject. The 
analysis of the results tries to eliminate the influence of certain 
variables (g roup of  st udents, di fficulty of t he fi nal exa m or  
group of l ecturers) t hat may change i f t he anal ysis is done  
comparing the results obtained in  different  years, in whi ch 
some of t hem the old methodology was us ed and, i n the rest, 
the new o ne. These resu lts show t hat t he prop osed 
methodology helps student in acquiring the new knowledge not 
as theoretical concepts that have to be memorized, but as a tool 
for s olving re al probl ems. The efficiency of PBL is already  
perfectly known, but the proposed PBL-based methodology is 
an o ption t o be consi dered whe n t he n umber of l ecturers 
available is low for a typical PBL. 
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