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Abstract 
The main purpose of this paper is to analyze students´ perceptions with the use of “the puzzle-based 
learning” methodology in an Operations Management subject of the Business Administration and 
Management Degree at the University of Cantabria (UC). More precisely, the empirical analysis was 
performed from three points of view: students´ perception of methodology effectiveness for obtaining 
general and subject specific skills, students´ global satisfaction with this teaching methodology and 
students´ final marks obtained in the subject under study. Data were collected during the academic 
year 2016-2017, at the moment of introduction of this learning methodology. The results obtained from 
this experience allow us to discuss if these active learning tools contribute significantly to bridge the 
gap between theory and practice by improving knowledge acquisition. 
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1 INTRODUCTION 
The implementation of the European Higher Education Area (EHEA) has requested the modification of 
teaching processes enhancing the development of new teaching methodologies ([1]) that are chosen 
to situate students at the center of the pedagogical process, as main protagonists of their own training. 

This situation has evoked university professors rethink in terms of how to teach their subjects. That is 
because traditional methodologies dominated by lectures and practical exercises in which students 
are passive recipients of information delivered by the lecturer are not effective enough to achieve the 
new objectives proposed in the EHEA context. Lecture is not ineffective but active involvement in the 
learning process is beneficial to students, it reduces the density in the lecture thereby increasing 
retention, and addresses a wider range of objectives over and above the transfer of content from 
instructor to student. Moreover, in the era of information technology and telecommunications, 
educators have to assume a role as facilitators of learning, helping students to construct their own 
knowledge ([2]) and own skills to face with the new demands society is placing on young people ([3]; 
[4]; [5]; [6]). 

This task is easier if we use different teaching strategies, which may include active learning 
methodologies. From the wide variety of strategies that can be used to actively engage students in 
their own learning, the ones that are chosen depend on the objectives of the course and the needs of 
the students. Simulations, demonstrations, experiments, debates, role play, small group discussions, 
creating visual representations and models, problem-solving, case studies, research and 
presentations, and games are all examples of active learning strategies. With the use of these active 
learning methodologies the students themselves, guided by professors, take responsibility for their 
learning process and gradually boost their own knowledge ([7], [8]). More specifically, these 
methodologies force student to read, to think, to explain, to solve problems and cases, with the aim of 
enhancing their autonomy and responsibility.  

Within this context, this paper presents an experience with the use of an active methodology -the 
puzzle-based learning methodology ([9])- in an “Operations Management” course -compulsory subject 
of 6 ECTS- taught in the second year of the Business Administration and Management Degree 
program at the University of Cantabria (UC) during the academic year 2016-2017.  

Introduction of active learning methodologies for teaching this subject is analyzed for two reasons 
([10]). Firstly, Operations Management is a difficult subject to teach within a Business Administration 
and Management Degree program because students find it difficult to perceive its application. 
Secondly, Operations area has generally been slow to incorporate innovative teaching. In this sense, 
previous research has suggested students’ perceived understanding about the content and strategic 
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role of operations management in the company could be improved by the introduction of active 
learning ([11]; [12]; [13]). 

Consequently, the aim of the paper is to analyze students´ perceptions with the use of “the Puzzle-
learning methodology” in this specific subject. More precisely, this active tool was introduced to 
explain a specific part of the subject -the theoretical characteristics that should be considered for 
effective selection of a firm’s productive process-.  

The analysis was performed from three points of view: students´ perception of methodology 
effectiveness for obtaining general and subject skills, their global satisfaction with this teaching 
methodology and students´ final marks obtained in the subject. In order to attain this objective an 
empirical study has been made. The questionnaire survey conducted to collect the necessary data to 
develop the study took place in March of 2017, with a final sample of 143 students.  

The remainder of this paper is organized as follows: in the next section, we describe the puzzle as an 
active learning methodology. Section 3 describes the methodology used for the analysis. The main 
results are explained in the fourth section, and finally, we present the main conclusions that can be 
drawn from our research.  

2 PUZZLE AS AN ACTIVE LEARNING METHODOLOGY 
In some higher education degrees and different disciplines and subjects -such as Operations 
Management ([10]), Obstetrics ([14], [15]), or Immunology ([16]; [17])- students are expected to learn 
and integrate a large amount of information and theoretical concepts, which sometimes makes it 
difficult to bridge the gap between theory and practice. 

In these specific situations, student-centered teaching is necessary, because it provides student´s 
active involvement in the teaching-learning process, resulting in effective learning. The usefulness and 
appeal of active and experiential learning approaches are well documented throughout a variety of 
disciplines (e.g., [18], [19], [20]). Active learning is a teaching strategy that moves students away from 
the role of passive learner to one that requires them to be engaged with the material of a course ([21]). 
For doing it, previous studies have suggested supplementation of lectures and practical classes with 
educational games can be a useful teaching strategy ([22]). 

In general, educational games may increase students’ interest in the subject under discussion and 
increase knowledge retention ([23]) by situating students at the center of the pedagogical process, as 
protagonists of their own training ([24]). More specifically, educational games allow students to learn 
by doing, developing their creativity and ability to solve problems, and improving their communication 
and negotiation with peers ([23]). Among the different types of games that can be used –flipped 
classroom, puzzle-based learning, project-based learning, role play, small group discussions, 
problem-based learning, among others -, this work particularly focuses on students´ perception of 
“puzzle-based learning” effectiveness. 

The technique of the Puzzle was proposed for the first time by Professor Elliot Aronson of the 
University of Austin (Texas) in 1971 [9], therefore has already more than thirty years of existence. The 
puzzle is a technique to structure cooperative learning that consists of dividing a learning task 
between group members and carrying out a set of activities so that each group member acquires the 
required knowledge. It can be used at the beginning of a class as a motivational tool, during a class as 
a teaching tool, or after a lecture for revision of concepts. Each student tackles one of the learning 
objectives using a provided lecture, then shares his/her knowledge with the students from other 
groups exploring the same learning objective (expert meeting), and finally teaches the acquired 
knowledge to the rest of group members [25]. This ensures individual accountability and positive 
interdependence. No member of the group can achieve the final goal without the other members of the 
group also achieving it and consequently its contribution to the group is unique and essential. After 
this set of presentations, the lecturer gives an overview of the learning objectives to clarify any doubts 
that might still remain about the learning objectives raised in the puzzle. Once students have acquired 
the necessary knowledge, lecturers can optionally provide a final activity that allows them to evaluate 
students´ assimilated knowledge through different activities that vary between different contexts. 

In this case, lecturers provide as final evaluation activity different videos describing real production 
cases in order to make it easier the integration of concepts. More specifically, the puzzle ended with a 
session in which each group must identify the “production process” they have seen in the real 
production case analyzed. Then, the groups must explain and discuss with the rest of groups the 
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selection according to the theoretical arguments provided with the puzzle-based learning 
methodology.  

3 METHODOLOGY 
A self-administered questionnaire was designed for collecting data to develop this study. It was 
developed following items proposed by previous studies ([7]; [8]; [26]; [27] and [28]). 

The draft questionnaire was firstly reviewed by a discussion group formed by teachers of the subjects 
related to the Operations area of the Degree of Business Administration at University of Cantabria for 
content, clarity and understanding. Their responses provided written qualitative feedback on the clarity 
of both instructions and survey items. More specifically, the respondents provided notes and 
comments on any words or items that were ambiguous or imprecise. Then the questionnaire was 
reviewed according to the given suggestions. After this process, the final questionnaire was divided 
into three parts:  

1 The first part aims to identify the socio-demographic student´s profile (i.e. age and gender) ([29]; 
[30]). 

2 The second part, based on a 1-5 Likert-type scale (“strongly disagree (1)” to “strongly agree 
(7)”) tries to analyse students’ perceptions about the contribution of this active learning 
methodology to the following skills: 
a. General skills –Table 1- ([8]): for analysing if this active learning methodology improves 

students' cross-curricular competencies such as collaborative work, oral and written 
communication skills, self-learning ability, among others.  

Table 1.  Items for general skills measurement 

GENERAL SKILLS 

1. Contributes to develop verbal communication skills 

2. Contributes to develop written comprehension skills 

3. Contributes to better time organization 

4. Contributes to improve the decision-making process within a group 

5. Contributes to develop interpersonal communication skills 

6. Contributes to develop leadership capacity within a group 
Source: Authors 

b. Subject specific skills –see Table 2- ([8]): for analysing if this active learning 
methodology makes it easier to contrast the knowledge learned in the classroom with its 
real application by a company.  

Table 2.  Items for subject specific skills measurement 

SUBJECT SPECIFIC SKILLS 

7. Helps bridge the gap between theory and practice 

8. Makes it easy subject learning 

9. Involves students in their own learning 

10. Creates an active participation attitude 

11. Helps to contrast knowledge learned in the classroom with its real application 
Source: Authors  

Both types of skills were considered given that some previous studies have shown that puzzle 
methodology contributes to acquire specific competences, but not the same with some of the 
generic competences such as: teamwork, critical reasoning, etc ([31]). 
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3 The third part of the questionnaire aims to identify students´ global satisfaction with the use of 
this methodology and their preferences for using it in the future ([8]). More specifically, students 
answer two questions about the usefulness of this methodology for learning purposes (1-Value 
the overall satisfaction you get from using this active learning methodology and 2-For the next 
year, in case you could choose, would you select puzzle methodology?) 

3.1 Data collection 
The population used for this analysis is the total number of students enrolled during the 2016-17 
academic year in the subject “Operations Management”. It is a compulsory subject of 6 ECTS which is 
taught in the second course of the Degree in Business Administration and Management at University 
of Cantabria.  

The questionnaire survey took place in March of 2017. The survey was completed by a total of 143 
students resulting in a 70.44% response rate. Of the total number of participants, we find that age 
distribution between 19 to 22 years was 90.21 percent of the total population. The distribution between 
male and female is quite homogeneous (49.7 and 50.3 respectively). Regarding student previous 
experience in this subject we find that only 4.9 % has coursed this subject previously and 6.29 percent 
of the sample is composed by international students (see Fig. 1). 

 
Figure 1 Students´ profile 

Source: Authors 

4 RESULTS 
In this section, we present the main results of the empirical study that are described below. More 
specifically the results described in this section are divided into two parts: 

1 The first part provides a descriptive analysis of the value of the puzzle applied as 
complementary tool for the study of an Operations Management course. So, we analyse what is 
the students´ perception of puzzle effectiveness as active learning methodology. 

2 Secondly, we compare if there are significant differences between the results obtained by two 
groups (students who participate in the methodology and students who did not participate in the 
methodology). For doing it we evaluated students' learning outcomes in an exam that was 
developed one month later. The main objective was to test whether the combination of 
theoretical classes followed by the puzzle-based learning activity was perceived as useful for 
them. In other words, if from the students´ perspective, they gain a better understanding of the 
subject and integrate the proposed concepts easier.  

Beginning with the students´ perception about how the use of this tool, in the context of this subject, 
allows them to improve general students´ skills, Figure 2 shows students consider that puzzle-active 
learning methodology contributes to the development of all general skills. More specifically, we found 
this methodology contributes in a similar way (higher than 3 points) to the development of all the 
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general competences. However, interpersonal communication, decision-making process within a 
group, verbal communication and leadership obtain higher scores. So, it can be considered this 
methodology increases personal and communication skills. 

 
Figure 2 General skills development 

Source: Authors 

Then we analyse the results related with subject specific skills. In this case, we found that all score 
skills are higher than the previous results, being their valuation near to 4.5 points (see Fig. 3). By the 
one hand, the two most valuated skills are –this methodology makes it easy subject learning and it 
involves students in their own learning-. By contrast, only one skill is situated below the score of 4 
points – this methodology helps bridge the gap between theory and practice-. 

When we ask students about their global satisfaction with the use of this methodology, we found that 
most of them value positively this type of learning game (4.1 points). Furthermore, 96.50 of the sample 
would select this methodology for the next course if they could choose. These results suggest this 
type of educational games seems to decrease stress during students´ activities. 

 
Figure 3 Subject specific skills development 

Source: Authors 
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In a second step, we develop a statistical analysis of the evolution of student performance showed in 
the marks obtained by students on the final exam. More specifically, in this exam students had to 
identify the most efficient production process for a specific product. The final score obtained in this 
question is presented in table 3. 

Table 3.  Average marks 

 n Average mark (maximum 10 points) 

Students that participated in the puzzle methodology 137 6.28 points 

Students that did not participate in the puzzle methodology 45 5.88 points 
Source: authors 

As we can see in table 3, marks obtained are quite similar. More specifically, the average mark of the 
137 students that participated in the puzzle based learning methodology is 0.4 points higher than the 
average mark of the 45 students that did not participate in this methodology. 

In order to analyze if these two results are significantly different we compare them using analysis of 
variance (ANOVA). The results of this analysis show that there is not statistical significant difference in 
the final marks obtained by both groups of students -those that participated with regards to those that 
didn´t participate in the puzzle methodology-. 

5 CONCLUSIONS 
The aim of the paper was to analyze students´ perceptions with the use of “the Puzzle-learning 
methodology” in an Operations Management subject of the Business Administration Degree of 
University of Cantabria. This paper has reported the use of this specific active learning methodology 
performing an analysis from three points of view: a) students´ perception of methodology effectiveness 
in order to obtain general and subject skills, b) global degree of students´ satisfaction with this 
teaching methodology and c) marks obtained by students on the final exam. 

In short, by the one hand, the analyses performed show students were highly satisfied with the use of 
puzzle as an active learning methodology. Results demonstrate both a high global satisfaction with the 
use of this methodology and that a large majority of students would therefore prefer to use this 
methodology in future years if they could choose. Consequently, students prefer to learn by carrying 
out real applications because they feel this option increases their motivation to learn without a 
considerable increase in the effort students have to put in studying.  

By the other hand, students have perceived that the use of puzzle-based learning methodology has 
helped them to develop both subject specific skills (helps bridge the gap between theory and practice; 
makes it easy subject learning, involves students in their own learning, creates an active participation 
attitude, helps to contrast the knowledge learned in the classroom with its real application) and cross-
curricular competencies (verbal communication, written comprehension, group work, among others). 
Consequently, the introduction of active learning methodologies contributes to the development of 
relevant skills that will be required in the professional future of our students [31], an aspect that has 
been the major focus of reform initiatives developed as a consequence of the implementation of the 
European Higher Education Area (EHEA) ([32], [33]). 

Finally, and contrary to previous studies ([8]), marks obtained by students using an active learning 
methodology were not better with statistically significant differences. Consequently, although students 
are satisfied with the use of active methodologies, their incorporation in a subject do not always 
improve students´ marks.  

In conclusion, the present work indicates that the combination of theoretical classes and an 
educational game, used as an active learning tool, in the context of Operations Management subject, 
could be useful for students to gain better understanding and clarification of misconceptions about the 
production process design. The adoption of such strategies does need the flexibility, time, and effort of 
both the instructor and the participating students. 

However, despite these interesting results the present work is not without its limitations that could 
serve as the avenue for further research. Firstly, the research was cross-sectional, so future studies 
should compare the results using longitudinal settings and comparing different academic years marks. 
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Secondly, this study has been conducted using a single university, so it would be interesting for 
generalizing these results that future studies consider different contexts. 
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