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Abstract  
Nowadays, there is an increasing need for introducing cooperative and autonomous learning 
methodologies in Engineering disciplines. In this paper, we describe our proposed methodology for a 
challenging subject: Mobile Networks and Services (MN&S) within the Bachelor Degree of 
Telecommunications Engineering. MN&S is a very descriptive subject, with a very extensive and deep 
syllabus, and in a field of knowledge in constant evolution. The proposed activity helps the students to 
acquire the required contents of the subject of MN&S and, at the same time, gain expertise in the 
general skills of active, autonomous and cooperative learning and oral and written communication. 
The main challenge of the activity is that the students need to learn a large amount of contents, 
covering a wide area of technologies. Since active methodologies usually give up contents in 
exchange for activeness, we have designed an activity which, besides providing cooperative and 
active learning benefits, is highly efficient in terms of coverage of topics. The proposed technique, 
inverted jigsaw, is inspired by a well-known cooperative learning technique named jigsaw. Similarly to 
the jigsaw technique, the class is initially divided into groups, but each group is assigned a different 
subject (i.e. a different mobile technology) and they work to become experts on it. When the students 
have gained expertise in their technology, new groups are created joining one expert student from 
each technology. In these mixed groups, each student gives a short informal presentation about his or 
her technology and answers questions from the other group members. After this stage the students go 
back to the original groups and they share the experience of explaining the technology. With this 
background, each group of experts prepares learning resources and gives an oral presentation on 
their subject to the whole class, which will be the study material for the rest of the students. After the 
experience of running a pilot applying this methodology for two years, we have observed an 
improvement in the academic results of the students in the part of the course covered by this activity.  

Keywords: cooperative learning, active learning, autonomous learning, jigsaw, Telecommunications 
Engineering. 

1 INTRODUCTION 
One of the most relevant skills a student in the field of Engineering and particularly ICT (Information 
and Communications Technology) should acquire along her or his university career is the ability to 
successfully face problem-solving challenges involving new concepts beyond the graduation syllabus. 
Professionals in these fields, in their everyday activities, should be able to identify relevant new 
concepts and techniques in their field of expertise, search for trustable and high quality sources of 
information, and analyse and compare those concepts with already known ones. That is to say: 
autonomous learning. 

This self-learning capability is more critical and relevant in highly dynamic areas of knowledge as 
wireless communications: every five years a new wireless communication technology appears in the 
market. For example, in the last few decades, the mobile wireless evolution progressed from Zero 
Generation (0G) to First Generation (1G), Second Generation (2G), Third Generation (3G), and now 
Fourth Generation (4G) systems moving forward the Fifth Generation (5G) [1].  

The use of active and autonomous learning methodologies in Engineering disciplines have 
demonstrated their relevance due to their powerful impact upon students learning [2][3][4]. However 
there are barriers that hinder the embracement of this approach by most academics. Incorporating 
active learning strategies takes more time than delivering content through lecture alone, but utilizing 
these strategies contributes to achieve better learning outcomes [5]. Some well-documented problems 
[3] are related to the difficulty of adequately covering the assigned course content in the limited class 
time available, a potential increase in the amount of preparation time and the complexity of using 
active learning in large classes.  
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In order to overcome some of these difficulties, when covering a large amount of contents is a 
concern, the traditional approach has been to provide materials to students outside the classroom: 
pre-class required readings and quizzes, or videos, tutorials or webinars to watch. This way it is 
feasible to reserve the class time for active learning activities. [5] 

One of the most successful active learning methodologies is the research-based cooperative learning 
technique invented and developed in the early 1970s by Elliot Aronson and his students at the 
University of Texas and the University of California: the jigsaw technique [6],[7]. Since then, the jigsaw 
technique has been in use in different areas of knowledge from chemistry [8] to statistics [9]. 

The topic of our study is Mobile Networks and Services (MN&S), a subject of the 4th year of the 
Bachelor Degree in Telecommunications Engineering, a very descriptive subject, with very extensive 
and deep contents, and in a field of knowledge in constant evolution. The students are in the last 
academic year, close to enter the labour market. In this context, we have designed an activity which, 
besides providing cooperative and active learning benefits, is highly efficient in terms of learning of 
topics: the inverted jigsaw. 

Our final goal is threefold: we search to encourage and promote the active, autonomous and 
cooperative learning skills in our students in a specific challenging topic with extensive and deep 
content in constant evolution; at the same time, we pursue to improve their oral and writing 
communication skills; and, last but not least, we search -with this innovative approach- to achieve 
better scores in the specific performance indicators of the mobile communications subject itself. 

The article is structured as follows. First, we introduce the basis of our innovative activity, the inverted 
jigsaw concept. In this section, we describe the methodology providing a detailed planning of activities, 
and present the evaluation approach. Consequently, later on, readers interested in the technique 
could use this section as a guideline to apply it to their own topics. In section 3 we show the results of 
applying the inverted jigsaw during two years. The paper finishes with conclusions and 
recommendations for other lecturers of related topics.  

2 THE INVERTED JIGSAW 
The proposed activity is inspired on the cooperative learning technique called jigsaw [6]. In the 
classical jigsaw the students are divided into groups and all of them work on the same problem. Within 
every group each student is assigned a specific aspect, or segment, of the problem. After some time 
working on their particular segment, all the students with the same assignation join the so-called 
“expert group” where they can discuss their common segment, and clarify the questions they might 
have. Finally the experts go back to their original groups and there, each student presents his or her 
segment to the group. 

Our approach could be described as an “inverted jigsaw”. Similarly to the jigsaw technique, the class 
is divided into groups, but in our proposal each group is assigned a different mobile technology. In the 
initial stage of the activity each group works on its technology. When the students have gained 
expertise in their technology, new groups are created joining one “expert” student from each 
technology. In these mixed groups each student gives a short informal presentation about his or her 
technology and answers questions from the other group members. After this stage the students go 
back to the original groups and they share the experience of explaining the technology and finish the 
didactic materials and the oral presentation support.  

The activity finishes with a stage of oral presentations, where each group gives a class about their 
particular technology to the other classmates. It is important to point out that this activity is the main 
medium of conveying the contents related to the study of current mobile technologies, whose 
knowledge will be evaluated at the end of the course in a written examination. Hence, the students 
take the responsibility of assuring the quality and completeness of their presentations which will allow 
their peers to successfully pass the exam. For that purpose, the didactic materials generated for each 
technology are shared among the class in order to prepare the written examination. In the next 
sections the proposed activity design is described in detail. 

2.1 Design of the activity 
The activity lasts 8 weeks and it takes 24 hours in the classroom, organized in sessions of 1.5 hours. 
Additionally, the students are expected to work approximately 30 hours out of the class time. The plan 
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of the activity is shown in Table 1 and detailed in the following subsections. Along the activity the 
students have to produce some deliverables, shown in Table 2, at some specific dates. 

Table 1.  Workplan of the activity with milestones. 

    

Weeks 

      

 

1 2 3 4 5 6 7 8 
           1st stage: Analysis       

   

        
           2nd stage: Comparison                   

            3rd stage: Presentation           

 

        
           M1 - Outline of the contents of the work (D1) defined 

M2 - Draft version of the documentation (D2) delivered 
M3 - Documentation (D3) and other learning resources (D4) available for the class 

Table 2.  Deliverables. 

Deliverable Description Mandatory/Optional 

D1 Outline of the contents to be covered in the work Mandatory 

D2 Draft version of the presentation Mandatory 

D3 Final version of the presentation Mandatory 

D4 Additional learning resources Optional 

The sessions are organized in the form of seminars, with reduced groups of less than 25 students. 
The students have computers available in the class sessions so that they can look for information in 
the web or work in the presentation and deliverables. The students have also access to equipment of 
the wireless technologies assigned to the different groups to use it freely.  

Through the course there are several shorter activities to strengthen the learning process, like tests to 
check the quality of the process of explanation-comprehension, or rubrics to perform cross-evaluation. 
The results of these tasks, shown in Table 3, are also used as evaluation inputs.  

Table 3.  Evaluation tools. 

Test A Test to evaluate the understanding of the preliminary overview of the technologies 
presented in mixed groups. 

Survey B Evaluation of the oral presentation given by an expert group. Evaluated by the audience. 

Survey C Evaluation of the student’s work in the expert group. Evaluated by their peers in the group. 

The details of the activity, as well as the items referred to in Tables 1, 2 and 3, are explained in the 
following subsections. 

2.1.1 1st stage: analysis of technologies 
This stage is carried out during the first eight sessions of the activity. After an initial presentation of the 
activity to the students, they are asked to group in teams of up to five students so that the class is 
divided into 6 groups. Then the teacher assigns each of the groups a different mobile technology. 
During the two courses that this activity has been put into practice, the technologies that have been 
analyzed are: 

− UMTS/LTE 
− WiFi 
− WiMax 
− Bluetooth 
− Mobile IP 

 M1  M2 

 M3 
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The first objective of the students in this stage is to analyze and understand the mobile technology 
they have been assigned, so that the students of each group become “experts” on it. To guide the 
initial search of information, each group receives a rough index of the most important aspects that 
have to be covered in the technology and a list of bibliographic references. They are also instructed 
about the available equipment and possible practical exercises.  

The second objective is to start preparing the study materials that the rest of the classmates will use. 
In further stages every group will have the responsibility of explaining its technology to the other 
students and with this objective they have to develop study materials. These materials can be 
documents, presentations, applets, audiovisual contents, exercises or whatever resource the students 
could propose, but they have to cover the minimum contents required in the syllabus of the course. In 
order to guarantee this, the teacher will supervise the development of these materials and can 
propose changes or corrections to enhance their quality in this stage. 

Each group of experts has to produce two deliverables in this stage: 

• A detailed outline of the contents of the technology which will be covered in the presentation 
and resources (D1). It has to be delivered by the second week of the activity. The teacher will 
check the coverage and will discuss the index with the group providing suggestions and pointing 
to missing aspects.  

• A first draft version of the slides for the oral presentation to the class (D2). It has to be delivered 
in the fourth week of the activity. Again, the teacher will check the required coverage and 
propose suggestions and corrections. 

In this stage the students’ work is both individual and teamwork. They have to distribute the work in 
tasks, assign them to the members and work cooperatively to accomplish the objectives. The groups 
have access to the teachers to solve doubts and to check their works, both in seminar sessions and in 
tutoring sessions.  

2.1.2 2nd stage: comparison of technologies 
In the second stage, that takes two sessions, the students are organized in new groups, each group 
having a member expert on each technology. This gives four or five groups depending on the size of 
the initial expert groups. In these mixed groups every participant gives a short explanation of his or her 
technology, making use of the materials prepared and the knowledge acquired in the first stage, and 
has a first contact with the rest of the technologies, presented by their partners. 

These presentations are intended to summarize the main features of the technologies and are 
necessarily short, informal and, most important, interactive. The audience is instructed to make 
questions and to criticise the presentations to improve them. 

The objectives of this stage are the following: 

• In the role of speaker: To test their own knowledge of the technology they are experts on and 
the adequacy of the didactic materials they have been preparing in the first stage. This activity 
gives the expert a chance to identify necessary improvements and missing points. 

• In the role of audience: To gain a first insight of the technologies presented by the other 
partners. This should facilitate the understanding of the final presentation that will take place in 
the third stage and help them in the learning process. 

• To compare the technology they are experts on with other technologies, and learn from the 
other members of the mixed group other approaches to the presentation and didactic materials. 

In order to promote the interest of the students during the activity, at the end of this stage the students 
have to answer a short test with basic questions about the technologies (Test A). The aggregated 
results of the questions related to each technology in the test are published as a measure of the 
quality of the explanations given by the member of the group that presented that technology to the rest 
of the mixed group. 

After these sessions the students return back to their original expert groups to complete the didactic 
materials and the presentations, using the inputs learned in the previous experience of trying to 
explain their subject within the mixed groups. 
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2.1.3 3rd stage: oral presentations 

In the last stage of the activity the students of each expert group give the oral presentation about their 
technology to the rest of the class, making use of the learning materials they have prepared in the 
previous stages. Each oral presentation takes a full seminar session (1.5 hours) and it includes the 
oral explanation and some time for questions. Every group from the audience is required to make 
some questions.  

The presentation is evaluated by the audience using a survey (Survey B). 

The final version of the didactic material is published in the course website and it is the main study 
resource for the written examination. 

The members of each expert group evaluate the work and attitude of their peers in the group along the 
whole activity by means of a survey (Survey C). 

2.2 Evaluation 
The evaluation of the activity is shared between the teacher and the peer students. Rubrics are used 
to define the scoring criteria for evaluating deliverables and completing surveys. Three aspects of the 
work of each student on the mobile technology he/she has been assigned are evaluated: 

1 The quality of the oral presentation given to the rest of the class (25%). The mark is obtained 
from the evaluation of the lecturer and the results of Survey B. The scoring criteria are specified 
in a rubric. 

2 The quality of the didactic materials delivered by the group (75%). Evaluated by the lecturer 
according to a rubric. 

The grades obtained in these first two aspects are common for all the members of each expert group. 
In order to distinguish between the different members of a group, depending on their performance 
along the activity, a third aspect is also evaluated. 

3 Participation and attitude in the team work. This aspect modulates the score obtained  
in 1 and 2, multiplying it by a factor ranging from 0.9 to 1.1. The participation in the team is 
evaluated using two indicators: 
o A survey about the participation of the student in the expert group, answered by his/her 

peers in the team (Survey C). 
o Average results of the test about the understanding of the technology presented by the 

student within the mixed group (Test A). 

The impact of this activity in the overall evaluation of the subject is twofold: first, the activity itself, 
evaluated as explained above, has a weight of a 40% in the final mark of the subject. Second, the 
knowledge acquired on the different mobile technologies studied by means of the inverted jigsaw is 
also evaluated in the final exam of the subject. The part of the exam related to the mobile technologies 
studied using the explained methodology counts for a varying percentage, ranging from 35% to 39% 
along the different courses, of the final grade. 

3 PILOT EXPERIMENT AND RESULTS 
This activity has been implemented in a pilot experiment during two consecutive years in the subject of 
MN&S. The subject was first taught in the year 2013-14, in the context of the deployment of the new 
bachelor degree in Telecommunications Engineering. That year the results were very satisfactory. 
However, the students enrolled the first year in the 4th course of the degree, where MS&N is located, 
were not representative of the average students. Instead, they were clearly outstanding: most of them 
completed the degree in the minimum expected time, 4 years. Next year, 2014-15, the results 
decreased considerably, more than expected from the change in the profile of the students, and the 
teaching team considered that the level of the knowledge acquired by the students was not 
satisfactory. The methodological change described in this paper was an attempt to tackle this problem. 

The inverted-jigsaw has been essayed during the autumn term of the years 2015-16 and 2016-17. 
These pilot experiments have been used to tune the details of the activity, and have demonstrated the 
suitability of the methodology for this kind of content intensive subject. Although an extensive analysis 
of the results and performance of the methodology would require more implementation experience 
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and a larger set of metrics, we can get some first insights of the effects of applying this new activity. 
This preliminary analysis is explained in the following paragraphs. 

First, Figure 1 shows the multi-year evolution of the qualifications obtained by the students in the parts 
of the evaluation related to the mobile technologies studied autonomously. It refers to the combination 
of the following two aspects: 

• Group work: the qualification obtained by the students regarding their own work on the 
particular mobile technology they have studied in depth. This qualification takes into account the 
three aspects described in section 2.2. 

• Exam: the score obtained by the students in the part of the final exam related to the mobile 
technologies studied and explained by the students during the inverted jigsaw activity. 

 
Figure 1: Multi-year evolution of the average grades obtained by the students in the parts of the evaluation 

related to the mobile technologies studied autonomously. 

Figure 1 shows the average scores obtained in each of both parts, as well as the weighted average of 
them. The obtained scores illustrate the important decrease in the results in 2014-15 that gave rise to 
the methodological change, and the positive effect of its application in the following two years, 2015-
16 and 2016-17: in these two years there is an increase with respect to the previous year in the 
grades of all the aspects related to the mobile technologies studied and presented by the students. 
These results corroborate the subjective perception of the teachers that the quality of the generated 
resources and presentations has increased, as well as the understanding of both the technology 
studied in depth by their own group and the technologies presented by their peers.	  

Another aspect that can be analyzed is whether learning mobile technologies in this new way implies 
an increase in the interest of the students in the subject matter. At the end of the course the students 
fill out a standard survey provided by the university, where they are asked about their interest in the 
subject before and after studying it. Table 4 shows the average value of these answers for 2014-15 
and 2015-16, as well as the percentage variation of interest. Data for 2016-17 are not yet available, 
since the university provides the results of the surveys of an academic year at the beginning of the 
next one. The results show that in general the interest of the students increases after studying the 
subject. In 2015-16, when the new methodology was first applied, the interest increase was higher 
than in the previous year (7,2% against 5,0%). 
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Table 4.  Interest of the students in the subject matter before and after studying it  
(1 – very low interest, 5 – very high interest). 

  BEFORE AFTER VARIATION 

2014-15 2.9 3.0 5.0% 

2015-16 3.0 3.3 7.2% 

In the survey the students are also asked about the time devoted per week to non-classroom work. 
The answers show that the amount of non-classroom time devoted to the subject has greatly 
increased, more than doubled, with the introduction of the new methodology, since it has moved from 
1.5 hours in 2014-15 to 3.2 hours in 2015-16. This reflects the known fact that cooperative work with 
different levels of interaction, feedback and retries is more time consuming and demanding than 
merely performing a task and presenting the results. This extra workload is rewarded by a better 
understanding both of the subject studied by the own group and of the subjects presented by the other 
groups.   

4 CONCLUSIONS 
The proposed activity, an inverted jigsaw, has proved to be useful to facilitate cooperative and active 
learning and, at the same time, to overcome one of the main drawbacks of active methodologies: the 
reduced amount of contents that can be covered when using this type of methodologies. In contrast, 
the inverted jigsaw allows learning a large amount of contents, which has been useful in our case for 
covering in depth a wide range of mobile technologies. The proposed activity can be reused in 
different areas of knowledge where the contents to be covered are extensive and cooperative learning 
is desired. 
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