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Abstract: - Aware of the qualities besides knowledge which are most valued by engineering firms (the ability to 
make decisions, a capacity for teamwork, initiative, capacity for solving problems and efficient communication, 
among others), an experience based on Problem-based Learning (PBL) has been carried out in which students 
have had to decide on what they understand as critical thinking and participation in multi-task teamwork in 
order to self-assess their own participation and critical thinking and evaluate that of their team-mates.  
A quantitative analysis of the grades indicated that there were no significant differences except with regard to 
the students’ preparation time. A qualitative analysis showed that the students experienced the process as one 
similar to that of facing their professional future. 
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1 Introduction 
Collaborative teamwork is more than just asking 
students to form groups to carry out a task. Students 
must feel that the final product is the fruit of all the 
members’ efforts and responsibility. This means 
they must interact with the other members of the 
team, but not individually nor competitively, since 
the members of effective teams do not compete 
among themselves but rather work together to reach 
a common goal [1].  

The basic principles which help collaborative 
work (learning in this case) to function correctly are 
responsibility, collaboration, interpersonal abilities 
and teamwork abilities, communication and self-
assessment. Of all these factors, the ones which 
stand out are collaboration and each person’s taking 
responsibility for a common goal, as well as being 
held responsible by his teammates for that goal.  

We are not going to deal here with the 
advantages that this methodology provides, as 
several authors have already done [2; 3; 4], nor with 
previous research of our own [5; 6], specifically 
PBL (Problem Based Learning)1 used in this study, 

                                                 
1
Essential steps in Problem-based Learning (PBL): 

identify the problem, gather the necessary data and 
bibliography, consider the possible solutions, apply the 
best solution and evaluate the consequences. 

but rather on three other issues. In the first place, we 
shall study the two concepts around which this study 
is based, critical thinking and participation, 
specifically in collaborative work and in PBL. In the 
second place, we will explain the research questions 
and objectives undertaken in order to, in the third 
place, describe the methodology used and the profile 
of the students participating in the study. The paper 
ends with the analysis of results.  
 

2 Participation and Critical Thinking 
2.1 Critical Thinking 
The most important job in the process of 
teaching/learning is teaching the student to think, to 
see what surrounds him/her, to teach him/her to 
observe and, at the same time, be able to detect and 
solve problems [7]. PBL, at its most basic level, is 
characterized as being a strategic methodology in 
which real life models are used as a context so that 
learners can acquire skills for problem-solving and 
critical thinking, as well as learning fundamental 
concepts and the content of the subject [8]. Using 
this strategy, students acquire learning skills which 
will be useful throughout their lives, including the 
ability to find and use appropriate learning 
resources.  

Three different types of thinking abilities can be 
pointed out: first, those that can be used to infer, 
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classify, compare, synthesize, forecast, etc. (related 
to information or basic abilities); second, mental 
strategies such as problem-solving, critical thinking, 
creative thinking, etc. and, third, metacognitive 
strategies that permit directing and controlling these 
mental strategies through each person’s planning 
and evaluation [9]. 

Critical thinking consists of thinking with a 
purpose, such as interpreting the significance of 
something, testing a particular question or solving a 
problem, individually or collaboratively [1]; critical 
thinking can also be considered research with the 
aim of analyzing a situation, a question, a 
phenomenon or a problem in such a way that a 
justified conclusion can be reached that integrates 
all the available information on the topic being dealt 
with [10]. 

Critical thinking involves capabilities and 
attitudes that play a fundamental role when 
discovering and analyzing the large quantity of 
information that characterizes our social context 
[11]. The business world exercised a fundamental 
role in the 1980s in producing an educational 
movement in the US built around the development 
of thinking and reasoning abilities. These abilities 
were required more and more by companies, 
together with the capacity for team work, fluency in 
their native language and in a foreign language as 
well. Collaborative learning represents a 
pedagogical advance in this period since it foments 
students’ helping each other when analyzing a 
problem or a topic, besides forcing them to verbally 
transmit their ideas to others, facilitating an 
interactive approach to the treatment of information 
[12]. 

A trained critical thinker is able to formulate 
questions and solve problems with clarity and 
precision; s/he gathers and evaluates information 
efficiently and proposes well-reasoned solutions; 
s/he has an open mind and the ability to 
communicate with others effectively [13]. With all 
these advantages and the current social demand, it is 
worth the effort to propose tasks that foster critical 
thinking in students while they acquire knowledge 
and skills in their field, without forgetting that 
critical thinking does not guarantee reaching the 
truth, a conclusion or the correct solution. 
Nevertheless, it is one of the most valued qualities 
by businessmen when selecting degree-holders, 
together with sincerity, the ability to take decisions, 
initiative and the ability to communicate orally and 
in writing [14]. 
 

2.2 Participation 
The second aspect studied in this paper is 
participation in collaborative work together with 
critical thinking: what the students think they entail 
and how to measure them. Teachers must try to 
make students feel motivated and willing to 
contribute to learning activities, taking participation 
into account in the final mark. If this mark is used 
arbitrarily, students reach the conclusion that it is a 
part of their evaluation over which they have no 
control and they lose interest in it. If, on the other 
hand, student participation is considered important, 
this relevance should be reflected in the final 
evaluation.  

It has been noted that if a skill is evaluated, a 
student will make more of an effort to do it better. In 
the same way, if the student’s effort (his/her 
participation in the task) is evaluated, s/he will work 
harder. If, in addition, s/her is asked to define what 
s/he understands as participation, and indicates the 
best way to measure it, something that might seem 
out of his/her control becomes something that is 
perceived as under his/her control. If the student 
decides not to participate and make an effort, it is 
his/her own choice, but, if the objectives and the 
method of evaluation are clear, students can reach 
these objectives [15].  

The interaction between individuals [16] plays a 
fundamental role in cognitive development since 
students acquire knowledge and skills from one 
another and interchange experiences through 
discussion and interaction, where learning is an act 
of participation in communicative practice [17]. In 
general a student is understood to be participating in 
class if s/he asks questions and offers opinions and 
comments in a discussion. If the student does not 
participate in this way, s/he may be considered 
passive and even uninterested in the subject.  

Nevertheless, before making a judgment about 
the activeness or passiveness of a student, his/her 
personality should be taken into account as one of 
the important affective factors when calculating and 
evaluating his/her participation in a task, i.e. 
whether the person is extroverted or introverted, 
more or less a risk-taker or not accustomed to 
working in a student-centred class [18]. Extroverts 
usually prefer learning situations in which 
interaction and independence play an important role 
whereas introverts usually prefer working in small 
groups [19]. 
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3 Research Questions and Aims of the 

Study  
In this multi-task teamwork, several different 
research questions were approached. On one hand, 
the questions related to the definition of critical 
thinking and participation in this activity as well as 
their evaluation were raised; on the other hand, self-
assessment and peer evaluation of both concepts and 
their relationship with the group-work process were 
analysed. A specific breakdown follows:  

1. According to the students, what is critical 
thinking and participation in multitasking? 

2. How would they propose to measure these 
two concepts individually and collectively?  

3. Are there differences between the scores 
given in self-assessment of the two concepts 
at the end of the group activity and the scores 
obtained in peer evaluation? 

4. What happens throughout the process? What 
have they learnt?  

This paper has three aims in measuring students’ 
participation and critical thinking throughout the 
PBL. In the first place, students (in groups) have to 
define what critical thinking and participation are 
for each member of the group throughout the task 
and, in the second place, to decide how to measure 
these two variables individually and as members of 
a group (self-evaluation and peer evaluation) as two 
of the three ways to include students in the 
assessment process [33; 34; 35]. The second 
objective is to see if there are differences or not 
between the scores granted once the results of self 
and peer-evaluation have been gathered.  

The third and last objective involves the analysis 
of the participants’ opinions about the experience.  

 

4 Methodology  
Thirty-four engineering students took part in the 
study. The group was heterogeneous in its 
communication competence in English and 
nationalities included Dutch, Polish, Turkish, 
Czech, German and French (all of them on an 
Erasmus exchange) together with Spaniards who 
were about to finish their engineering studies.  

For three weeks, these students centred their in-
class and out-of-class activity on working 
collaboratively to conclude tasks involving a 
problem-based learning approach (with a deadline). 
The group (4-5 members per group) was distributed 
keeping the different nationalities and 
communication competences of each member in 
mind. In line with what will happen to them when 

they start their professional careers, the students 
were not able to select their team-mates. 

A basic advantage worthy of note is that the 
average age of the macro-group was around 23, 
since they had had to finish a three-year degree and 
to have finished and defended a final-year project 
before entering this upper level of engineering 
studies. A drawback was the problem of different 
cultures and ways of facing work responsibilities.  

 
The protocol for analysis followed for all the 

groups was the following:  
1. Decision on what participation and critical 

thinking are. Debriefing.  
2. Decision on how to measure these two 

concepts: creation of a grid or headings. 
Debriefing. 

3. Creation of a single grid for measuring 
participation and another for critical thinking 
at the end of the task. 

4. Carrying out the task: peer assessment and 
self-assessment of participation and critical 
thinking using the grids agreed upon.  

5. Individual assessment, in writing, of the 
process students had undergone, using open-
ended questions.  

The results obtained through a qualitative 
analysis —based on the theory proposed by Glaser 
and Strauss in 1967, called the Constant 
Comparison Method (CCM) and the Grounded 
Theory of Charmaz [24] and Glaser and Holton 
[32]— and a quantitative analysis were aided, 
respectively by the ATLAS-ti (Version 5.2) and 
Statgraphics (Version 5.0) programs. 
 

4 Analysis and Discussion of Results 
4.1. What is critical thinking and participation 

according to the students and how can these two 

concepts be measured? 
Table 1 shows the students’ opinions on what they 
think critical thinking is and how it should be 
measured.  

It should be noted that no group had access to 
any information that might have guided them in the 
definition and subsequent evaluation of these two 
concepts. The groups had only the problem as such 
and the condition that in order to start this multi-
task, it was essential to decide and agree on what 
critical thinking and participation were and how 
each should be assessed. 
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If the six intellectual skills needed for critical 
thinking2: interpretation, analysis, evaluation, 

inference, explanation and self-monitoring are used 
as the structure for the first of these concepts, it can 
be observed that all the participants, to some degree, 
have put these skills into practice. They have had to 
interpret the ideas of others, defend their own ideas, 
analyse and assess them so that they can be put not 
only in tables 1 and 2 but also in the assessment 
grids found in the Appendix, whose numbers had to 
be explained, and lastly self-monitor their 
intervention.  
 

Table 1. Critical thinking and measurement 
 

WHAT CRITICAL THINKING IS from the 

students’ viewpoint 

� Not copying others’ ideas. 
� Offering your own ideas/opinions with 

arguments to support them.  
� Not believing others immediately without 

analyzing other aspects of the person and 
their way of behaving and speaking.  

� Not being afraid to offer your own opinion (if 
you are shy and don’t know how to or can’t 
speak in public, it is advisable to write down 
and prepare your opinion and the ideas you 
want to express beforehand). 

� HOW TO MEASURE IT 

� By the number of arguments put forth.  
� By the strength of those arguments.  
� By the way (the enthusiasm) in transmitting 

the message to other people (enthusiasm 
compared to shyness). 

� Bearing oral and corporal expression in mind. 
� By the conviction expressed and the power of 

persuasion.  
� A grid was proposed that took these criteria 

into account.  

 
The definitions shown in Table 1 have been 

analysed. Offering their own ideas, for example, 
refers to thinking with a purpose within the concept 
of critical thinking; analysing other aspects before 
deciding refers to a metacognitive thinking strategy 
[9], and offering results on how to assess this 
concept refers to critical thinking as a result of 

                                                 
2 Published as The Delphi Report in 1990 by Facione. 

problem solving [10], as in the experience under 
study. 
 

Table 2. Participation and its assessment 

  WHAT PARTICIPATION IS from the 

students’ viewpoint 

� Interaction between people in the group. 
� Offering opinions in a discussion. 
� Offering arguments that support your 

opinions.  
� Listening to others and trying to understand 

their points of view.  
� Participating in sports, creative activities, etc.  
� How much a student talks in class 

discussions.  
� The content expressed by someone taking 

part in a discussion.  
� Listening to others and answering the 

questions presented.  
� The effort of speaking and making yourself 

understood.  
� Explaining your point of view. 
� The courage to participate in a discussion. 
� Testing yourself.  

HOW TO MEASURE IT 

� Not everyone can be assessed in the same 
way:  
• Shy people who find it difficult to 

intervene in a discussion;   
• On the other hand, others like interaction 

more;   
• And others want to intervene but lack the 

communicative skills needed.  
� According to the length (minutes) of the 

intervention.  
� According to the quality of their intervention 

(facts).  
� According to the individual contribution to 

the discussion. 
� According to how you listen to others. 
� According to the level of knowledge reflected 

in what you say.  
� Bearing in mind the time a student needs to 

explain his/her idea or point of view.  
� According to the work behind each 

intervention.  
� A grid is proposed which reflects these 

aspects.  
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Table 2 shows what the students agreed upon 
with regard to participation and how to measure this 
concept in teamwork. It was precisely this 
interaction among the members of the group, their 
opinions, arguments, effort to communicate and 
understand others –as proof of what they are capable 
of– which led them to define and decide on how to 
assess one of the prime characteristics of active 
learning: participation. Asking them to evaluate 
their own participation and that of their classmates 
prepares them for real life situations in which they 
will have to share ideas, participate in discussions, 
listen and respect others’ opinions as well as 
evaluate differing points of view.  

Of all the definitions suggested, interaction 
among the members of the group was the most 
mentioned, along with offering opinions and 

arguments. The relationship between interaction and 
learning in the classroom has been documented by 
several authors [20; 21; 16]. If an activity fosters 
interaction, the active learning models which 
support Vygotsky’s social constructivism predict, as 
an outcome, that learning will occur. Some studies 
suggest, however, that a passive interaction, similar 
to listening but not participating in a discussion, is 
not perceived by the students as learning [22]. In our 
case the students –perhaps unconsciously– mention 
listening to others as part of participation, but 
immediately add and answering the questions 

presented. From this we can understand the 
importance of listening actively as part of 
participation and, indirectly, learning.  

A student’s personality plays an important role, 
not only when participating in a task, but even when 
defining what is understood as participation. This is 
the case of the last two lines in Table 2 when 

defining this concept as the courage to take part in 
discussions and test yourself. If we bear in mind that 
extroverted students participate more than 
introverted students, we can see how learners have 
taken these situations into account when they 
mention the effort and courage that shy persons 
must expend to participate actively in a task [19; 
23]. 

Based on these opinions, the students constructed 
an evaluation grid in their groups and later agreed 
upon it in the macro-group (see Appendix). This 
was used to evaluate and self-evaluate the 
participation and critical thinking of each member 
of the group.  
 
4.2. Quantitative analysis of the scores given  
For this analysis we discarded both those evaluation 
grids which did not specify the names of the 
students being evaluated together with the number 
assigned to each of the variables, and those grids 
which gave a global mark to all the members of the 
group in each of the variables analysed. Because of 
this, the quantitative analysis has a final sample of 
31 individuals in the self-assessment of 
participation and 32 in critical thinking. Tables 3 
and 4 show the parameters of each of the variables, 
separating evaluation of participation from 
evaluation of critical thinking. Tables 5 and 6 show 
the data for each of the variables, separating self-
assessment of participation from self-assessment of 
critical thinking.  

The data used in the analysis are found in the 
four tables: the average of the scores obtained in 
each of the variables measured (between 2 and 5 
points) as well as the variance of the means.

 
Table 3. Parameters for the assessment of participation 

 

 
 

ATTENDANCE 

AND 

PUNCTUALITY 

DEGREE OF 

IMPLICATION 

AND CONTENT 

OF 

PARTICIPATION 

 

LISTENING 

TO 

OTHERS 

 

 

PREPARATION 

 

ATTITUDE 

AND 

BEHAVIOUR 

DATA 85 85 85 85 85 
MEAN 4.03 4.05 4.50 4.28 4.65 
VARIANCE 0.74 0.63 0.38 0.68 0.46 

Table 4. Parameters for the assessment of critical thinking 
 

 
ARGUMENTS 

OFFERED 

QUALITY OF 

THE 

ARGUMENTS 

MAKING 

YOURSELF 

UNDERSTOOD 

LISTENING 

TO OTHERS 

DATA 80 80 80 80 
MEAN 4.0 4.25 3.9 4.2 
VARIANCE 0.58 0.54 0.59 0.70 
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Table 5. Parameters of the self-assessment of participation 
 

 
 

ATTENDANCE 

AND 

PUNCTUALITY 

DEGREE OF 

IMPLICATION 

AND CONTENT 

OF 

PARTICIPATION 

LISTENING 

TO 

OTHERS 

PREPARATION ATTITUDE 

AND 

BEHAVIOUR 

DATA 31 31 31 31 31 
MEAN 3.87 3.95 4.40 3.91 4.61 
VARIANCE 0.58 0.37 0.27 0.46 0.37 

 

Table 6. Parameters of the self-assessment of critical thinking 
 

 ARGUMENTS 

OFFERED 

QUALITY OF 

THE 

ARGUMENTS 

MAKING 

YOURSELF 

UNDERSTOOD 

LISTENING 

TO OTHERS 

DATA 32 32 32 32 
MEAN 3.92 4.09 3.78 4.35 
VARIANCE 0.25 0.34 0.56 0.64 

 
If we start from the hypothesis that the students 

have been honest in their evaluations of 
participation and critical thinking for themselves 
and their team-mates, we can test this hypothesis 
using an analysis of variance of the means in both 
cases, i.e. how a set of individuals assess 
themselves and how another set of individuals 
assess others, variable by variable.  

Classroom observation tends to uphold this 
hypothesis. Nevertheless, it must be the results of 
comparing the means of the variables of self-
assessment of the two concepts, with the 
corresponding means in peer assessment which  

 
indicate if there are significant differences or not. 
Significant differences lead us to question their 
veracity whereas no significant differences would 
show that the participants have been truthful, or at 
least not untruthful, when evaluating themselves 
and their teammates.  

This comparison was carried out using an 
ANOVA between the means of each variable of 
self-assessment with the corresponding variable of 
participation and critical thinking (see Tables 3 and 
5; 4 and 6 respectively). Tables 7 and 8 show the 
results of the analysis.  

 

Table 7. ANOVA participation 

        Evaluation 

 

 

 

Self-assessment 

 

ATTENDANCE 

AND  

PUNCTUALITY 

DEGREE OF 

IMPLICATION 

AND CONTENT 

OF 

CONTRIBUTION 

 

LISTENING 

TO 

OTHERS 

 

PREPARATION 

 

ATTITUDE 

AND 

BEHAVIOUR 

 
ATTENDANCE 

AND  
PUNCTUALITY 

df.= 1/114 
F= 0.87 

P = 0.35 (NS) 

    

DEGREE OF 
IMPLICATION 

& CONTENT OF 
CONTRIBUTION 

 df = 1/114 
F= 0.46 

P = 0.49 (NS) 

   

 
LISTENING TO 

OTHERS 
 

  df= 1/114 
F= 0.67 
P = 0.41 
(NS) 

  

 
PREPARATION 

   df= 1/114 
F= 4.95 

P = 0.02 (S) 

 

 
ATTITUDE AND 

BEHAVIOR 

    df= 1/114 

F= 0.11 

P= 0.74 (NS) 
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The results of the ANOVA indicate that there 

are no significant differences between the means of 
those variables with a P value larger than 0.05 
(equivalent to 95% confidence level). From this, it 
can be seen that there are only significant 
differences in the scores related to preparation for 
group work.  

Returning to our initial hypothesis, these results 
indicate that the only variable in which the 
participants may not have been truthful is when 
evaluating the time and effort put into their 
participation or that of their team-mates in 
preparing the assigned group work (in or out of 
class). This may suggest that not all have shown the 
necessary interest in preparing their final task. 
Reasons for adopting this attitude could be varied 

and difficult to point out; nevertheless, if we take 
into account the data produced in the qualitative 
analysis, it appears that several groups had 
dysfunctions due to some of the foreign students 
who did not collaborate very much.  

It is not possible to state that the statistically 
significant differences were caused by 
untruthfulness on the part of the self-assessors or 
the peer-assessors; nevertheless, classroom 
observation can help the teacher to confirm the 
difficulties in these groups and to find a basis for 
thinking that there was untruthfulness in some of 
the self-assessments with regard to effort and 
preparation.  

 

 

Table 8. ANOVA critical thinking 

            

             Evaluation 

 

 

Self-assessment 

 

ATTENDANCE 

AND  

PUNCTUALITY 

DEGREE OF 

IMPLICATION 

AND CONTENT 

OF 

CONTRIBUTION 

 

LISTENING 

TO OTHERS 

 

PREPARATION 

 
ATTENDANCE  

AND  
PUNCTUALITY 

 

df  1/110 
F = 0.28 

P = 0.59 (NS) 

   

DEGREE OF 
IMPLICATION 

AND CONTENT 
OF 

CONTRIBUTION 

 df. 1/110 
F= 1.14 

P= 0.28 (NS) 

  

 
LISTENING TO  

OTHERS 

  df =1/110 
F= 0.81 

P= 0.37 (NS) 
 

 

 
PREPARATION 

   df =1/110 

F= 0.31 

P= 0.57 (NS) 

 
 

4.3. Qualitative analysis of the experience  
The qualitative analysis centres on the opinions of 
the participants about the process undergone in the 
PBL. The objective of a qualitative analysis is to 
develop a theory based on the study of social 
reality. Unlike quantitative analysis, qualitative 
analysis provides an oral description or explanation 
of the process undergone which complements the 
quantification of the data found. This type of 
analysis approaches the collaborative process 
experienced by the members of each group and 
studies the answers of the participants using 
Grounded Theory (GTA), one of the most detailed 

qualitative analysis methods. It is a cyclical theory 
in the sense that data collection, analysis and 
reflection on what has been observed alternate 
constantly [25].  

The basis of all qualitative analysis is the 
detection of the themes dealt with in the answers 
given by those surveyed. Mills et al. [26] describes 
this theory as ‘a widely used qualitative research 
methodology that seeks to inductively distil issues 
of importance for specific groups of people, 
creating meaning about those issues through 
analysis and the modelling of theory’ (p. 8). With 
this method, the significance of the answers by the 
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students is analysed so that the different categories 
arise from the data, trying as much as possible not 
to impose certain categories [27]. The data from 
qualitative analysis are generally obtained from 
written material such as notes, taped interviews, 
documents, surveys with open answers etc. [28].  

This study centres around a survey involving 
short answers (see Appendix) at the end of the 
multi-task. The analysis of the surveys requires a 
codification of all the data, line by line and, at 
times, word by word according to Strauss [29] until 
data saturation is reached [30]. Following this 
procedure for analysis, the theory grounded in the 
students’ words arises: the participants have lived 
through an experience similar to that which they 
will have to face in their professional future. This 
theory is based on four large categories that help to 
understand the process undergone in their PBL: 
their learning, what they understand as teamwork 
from the experience, the difficulties they have 
encountered and overcome, as well as the 
applicability of what they learned. Each of these 
categories is commented on below.  

Learning 

Basically the participants have learnt to make a 

presentation, to get to know themselves by means of 

the task, as part of a learning process coming out 
of teamwork. All this learning has been made 
possible through the teamwork that they have had 
to use and which they think has helped them “to 
work as they will have to do professionally” since 
they will have to communicate in English with 
people from other countries, just as in the multi-
task.  

As a result of the PBL, they have learnt to make 
a presentation, “improving their communication 
skills” and they have been able to “speak in 
public,” “increase their vocabulary” and “write 
better” in a foreign language. Having to work as 
they would in a professional situation has brought 
with it “working with a deadline,” as well as 
“explaining to others” different points of view, 
“listening” and “coming to agreements.”  

In the same way, they believe that the multi-task 
has helped them to know themselves, which 
involves “controlling their nerves,” “trusting in 
yourself and being less obstinate,” “controlling 
shyness” and “being patient” in order to give 
opinions and come to agreements.  

Teamwork 

As they describe their experience with teamwork, 
consciously or unconsciously they end up referring 
to what this ability consists of. It is very highly 

valued in the working world but, in spite of being 
in the last years of their studies, they have had few 
occasions to put it into practice before taking part 
in this experience. For these students, teamwork 
has meant “planning the process,” “working in and 
out of class,” “cooperating” with their team-mates 
and making an effort, although the number of 
people per group which they considered ideal –
three– shows a certain contradiction with the idea 
of “facing their professional future” where the 
number of members of a group can vary 
significantly.  

In their opinion, working in a team was more 
complicated for them when it was done with 
“members from other countries and cultures” with 
heterogeneous levels of English and different ways 
of working. For this reason, some groups 
considered “distributing the work as in other 
subjects.” However, they ended up considering this 
difficulty positive by “taking advantage of 
working” with other people of different cultures 
and ways of doing things. They confirm that they 
have learnt from one another and –perhaps without 
knowing it– they have become more flexible.  

To work well together, they believe that 
everyone involved has to be “sincere”, 
“responsible”, “listen to each other”, deal with each 
other “patiently” and “with good manners”. This is 
something that could appear basic to someone 
trained in teamwork, but is totally new to those 
who experiment with it, perhaps for the first time.  

Difficulties 

Throughout the task, difficulties have been found 
which refer, in part, to the task itself, and, to a large 
extent, to working on a team with team-mates from 
different cultures and with a limited time frame. 
Although they felt that the deadlines “helped them 
to organise” and that they made them get the task 
done, at some point it began to “make them 
nervous”. In some teams, in spite of the 
organisation, there was a last minute rush, which is 
also completely normal in a professional context. 
The fact that they needed communicative skills in a 
foreign language also made the task more difficult, 
at the same time as it increased action learning.   

The beginning of the project was generally 
difficult and slow, although it was “problem-free” 
in the end. The students agreed that “almost 
everyone worked” on the team, making up for 
others’ absences and tardiness. Some of the 
students thought that deciding on how to evaluate 
participation and critical thinking, for themselves 
and for others, during the PBL experience was the 
teacher’s job, and not theirs. As the project 
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progressed they realised that if they knew how the 
project was going to be assessed, their results 
would improve. In this way they experienced the 
complexity that is intrinsic to the evaluation of any 
work or project and which they will have to put 
into practice in their professional lives as engineers. 

Applicability of what has been learned 

The students think that the results of the experience 
will “help them to face this type of situation with 
better probabilities of being successful” owing to 
having improved their communicative skills and 
learning to “speak in public” with less of a feeling 
of stage-fright. They feel able to “apply what they 
have learnt to other subjects”, including the defence 
of their final year project, either in their native 
tongue or in a foreign language. They think this is a 
skill which will help them “find a better-paying 
job”. 
 
5 Conclusions  
Referring back to the research questions posed and 
the results of the different analyses carried out, the 
following conclusions can be reached:  

1. In answer to the first research question, the 
participants clearly agreed with Facione [31], 
Romano [9] and Kurfiss [9], among others (see 
Tables 1 and 2) about what critical thinking and 
participation in a task are.  

2. In answer to the second question, the students 
agreed to evaluate the two concepts using the 
self-assessment and peer-assessment grids found 
in the Appendix.  

3. In answer to the third question, the quantitative 
analysis showed no significant differences 
between the scores given in the self-assessment 
of the two concepts (critical thinking and 
participation) at the end of the group task and 
those given by their peers, except in one 
variable related with participation: task 
preparation time. This lack of significant 
differences supports the initial hypothesis 
regarding the sincerity of the scores given, 
except in the case of the variable mentioned. 
This could mean that not everyone invested the 
necessary time in the preparation of the final 
task and didn’t want to confess this fact.  

4. According to a Grounded Theory study of the 
words of the students interviewed, the 
participants experienced the process as similar 
to what they would have to face in their 
professional lives. This theory is based on four 
fundamental categories: learning gained, the 
ability to work in a team, the difficulties they 

have had to face and the applicability of what 
they have learnt. It is worth noting that among 
the difficulties found, they realised that almost 

all, but not all, of the members of the group 
worked, a difficulty which, from a statistical 
point of view, led to the existence of significant 
differences in the self-assessment and peer-
assessment scores on preparation.  

 
It should be underlined that the critical thinking 

and the participation invested by each of the 
students helped them to successfully solve the PBL 
presented, at the same time as they learnt content, 
put the concepts studied into practice and improved 
skills and abilities that would be useful in their 
professional careers. In the same way, we should 
note the difficulty and importance of the qualitative 
analysis to better understand how they felt during 
the experience –the beginning, difficulties and 
learning. This encourages us to continue using 
qualitative analysis in future studies as a 
complement to quantitative analysis (as used here) 
or independently.  

We might question, in future studies, whether 
the results obtained here, with a lack of statistically 
significant scores on self-assessment and peer-
assessment, would appear in a larger population. In 
any case, the analysis presented in this study was 
carried out with a large enough sample to support 
the quantitative results. Likewise, repeating the 
qualitative analysis with another sample of students 
might be useful to confirm the results of this first 
analysis, along with helping to develop worthwhile 
questions to be used in future studies.  
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Appendix 

Self-assessment and peer-assessment grids for 
critical thinking and participation, designed by the 
students themselves to measure the two concepts 
when they have finished the PBL, are included 
here. The open questions on the experience and 
what students learnt (debriefing) are also included.  
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Advanced
3 — PARTICIPATION 

 PEER-EVALUATION AND SELF-EVALUATION 

 

 

CRITERIA 

 

2 

LIMITED OR 

NO 

COMPETENCE 

 

3 

SOME 

COMPETENCE 

 

4 

COMPETENCE 

 

5 

GOOD 

COMPETENCE 

 

SCORE 

AND 

MENBERS’ 

NAMES 

ATTENDANCE 

AND 

PUNCTUALITY 

 

Rarely attends 
class sessions 
where group 
work takes place. 

Generally attends 
the sessions in 
which group 
work takes place 
– but not on time.   

Always attends 
the group work 
sessions and 
usually arrives on 
time.  

Always attends 
the group work 
sessions and 
arrives on time.   

 

DEGREE OF 

COMMITTMENT 

THROUGHOUT 

THE GROUP 

TASK 

(IMPLICATION). 

CONTENT OF 

PARTICIPATION   

Never contributes 
with any ideas or 
questions. 
Doesn’t like to 
ask questions or 
participate and 
doesn’t possess 
language 
competence. 

Rarely 
contributes with 
ideas or 
questions. Has 
some language 
competence and 
does his/her best 
to communicate. 

Actively 
contributes with 
ideas and 
questions. Has 
communicative 
competence and 
is usually willing 
to communicate.  

Actively 
contributes with 
many ideas and 
interesting 
questions. 
Confident in 
communication 
and is always 
ready to 
communicate.  

 

LISTENING TO 

OTHERS 

Does not listen 
when others are 
speaking. Often 
interrupts.  

Rarely listens to 
whoever is 
speaking.  

Generally listens 
to others and 
gives opinions 
and ideas. 

Always listens to 
others and gives 
opinions and 
ideas to others.  

 

PREPARATION 
Never prepares 
what is required.  

Rarely prepares 
what is required.  

Generally 
prepares what is 
required.  

Almost always 
prepares what is 
required.  

 

ATTITUDE AND 

BEHAVIOR 

Is ill-mannered 
and does not 
worry about his 
team-mates.  

Is rarely well-
mannered with 
the rest of his 
team. 

Is generally well-
mannered and 
tries to help his 
team-mates. 

 

Is always well-
mannered and 
tries to help his 
team-mates.  

 

 

                                                 
3 Students of Geodesy and Cartography Engineering at the Polytechnic University of Valencia (Spain). 
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Advanced — CRITICAL THINKING: 
ASSESSMENT AND SELF-ASSESSMENT 

 

 

CRITERIA 

 

2 

LIMITED OR 

NO 

COMPETENCE 

 

3 

SOME 

COMPETENCE 

 

4 

COMPETENCE 

 

5 

GOOD 

COMPETENCE 

 

SCORE 

AND 

MENBERS’ 

NAMES 

NUMBER OF 

ARGUMENTS 

When I offer 
arguments, they 
are not valid. 

 

I often give 
opinions instead 
of valid 
arguments. 

I often try to give 
some arguments 
or offer opinions 
or judgments.  

I always try to 
give valid 
arguments 
together with my 
opinions and 
judgments.  

 

 

QUALITY OF 

ARGUMENTS 

 

I don’t worry 
about the quality 
of the arguments I 
may offer.  

I rarely question 
the quality of my 
arguments.  

 

 

I know how to 
identify valid 
arguments 
although 
sometimes I 
forget to offer 
them.  

I question the 
strength of 
arguments before 
I offer them and 
when I listen to 
them.  

 

MAKING 

YOURSELF 

UNDERSTOOD 

I don’t know how 
to communicate. I 
am shy. 

I try to 
communicate. I 
do my best in 
spite of my 
shyness.  

I normally 
manage to 
communicate 
satisfactorily.  

I know how to 
communicate 
effectively.  

 

LISTENING TO 

OTHERS 

I don’t usually 
listen to others. 

I only listen to 
those who 
interest me.  

I sometimes find 
it difficult to 
listen to others but 
I generally make 
an effort to do so 

 

I listen to others 
and I am willing 
to change my 
opinions after 
listening to 
others’ arguments.  

 

 

OPEN-ENDED QUESTIONS ABOUT THE PROCESS
4 

PROBLEM-SOLVING TASK: DEBRIEFING  

What is debriefing?  

In a debriefing discussion, participants are asked (under the guidance of a questioning facilitator) to reflect 
on their experiences and to discuss points of learning that they believe took place. 

1. Questions about the activity: 

• How did it work?  

• What happened in your group?  

• How did the deadline affect the quality of your work? 

• How easy or hard was it compared to other exercises/activities? Why? 

                                                 
4 Questions based on Results Through Training, www.RTTWorks.com. 

http://216.239.59.104/search?q=cache:GbtlBA_NE0oJ:www. 
rttworks.com/images/downloads/Debrief.HTML+debriefing+%2B+questions&hl=es&ct=clnk&cd=1&gl=es [Last 
access: 29th September 2009] 
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2. Questions about feelings and reactions: 

• How do you feel about the problem-solving task? 

• How confident are you about the work you did?  

• How did you feel about the process?  

• How did you feel about the deadlines for your team activity?  

3. Questions about learning: 

• What did you learn?  

• What do you still need to learn?  

• Which personal objectives have been addressed? 

4. Questions about application: 

• How can understanding this process help you academically and professionally?  

• How can you use this in your professional career?  

5. Proposals for Improvement: 

• How would you improve the experience as a whole? 

• How would you improve the dynamics of your group? 

• How would you improve your own contribution to your group? 
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