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ABSTRACT

This document sets out a novel teaching methodology as used in subjects with statistical content,
traditionally regarded by students as “difficult”. In a virtual learning environment, instructional
techniques little used in mathematical courses were employed, such as the Jigsaw cooperative
learning method, which had to be adapted to the peculiarities of the subject. The aim of this
methodological project is to adapt the teaching of statistical courses to the new European Higher
Education Area.
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1. INTRODUCTION

he adaptation by EU Member States to the European Higher Education Area (EHES) is one of the
main challenges faced by higher education in Spain. Accordingly there is a need for a change of

approach in university instruction and the full incorporation of new information and communication
technologies (ICTs) so as to adapt to the new scenarios in education (Mondéjar, Mondéjar, & Vargas, 2006;
Messeguer, Navarro, Damian-Reyes & Favela, 2010; Pozzi, 2010).

Since 1998, with the Sorbonne declaration, a series of meetings have been conducted by the European
Ministers of Education, to establish the European Higher Education Area (EHEA). Today, the EHEA is a reality,
and Spain is in adaptation process (Mondéjar, Mondéjar & Vargas, 2006). One of the most important developments
in this area consists of the incorporation of new information and communication technologies (ICTs) to traditional
teaching, which should allow it to adapt teaching methods and adjust its to the new educational settings (Mondéjar,
Mondéjar & Vargas, 2007).

Therefore, using Internet and ICT, which should be considered as generators of flexible and adaptable
training spaces, we have developed new teaching options that combine different learning resources (Mondéjar &
Vargas, 2010). It is, therefore, essential to understand how various teaching techniques work in the new virtual
framework.

To meet this challenge, methodological strategies which, though not recent, have enjoyed only a limited
sphere of application are now becoming widespread in university education, notably including those linked to
cooperative learning. This term refers to an alternative way of structuring the teaching/learning process to as to
make up the deficiencies involved in the exclusive use of traditional techniques with a greater focus on achieving
results than on acquiring competencies (Huang, Huang, & Hsieh, 2008). Cooperative learning, by contrast, seeks to
develop positive interdependence, face-to-face interaction, individual accountability, social skills and autonomous
group processing (Johnson & Johnson, 1989a).
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Cooperative learning has been the subject of numerous research projects since the 70s, when the first
research on its specific applications came out (Slavin, 1991). With cooperative methods and techniques, the aim
(Johnson & Johnson, 1989b) is to foster positive interdependence, face-to-face interaction, individual accountability,
social skills and autonomous group processing.

There are various techniques with which teachers may devise tasks to be carried out with the cooperative
learning method, as Walters (2000) set out, who highlights four main cooperative learning models. These models are
notable for their flexibility in application to a range of subjects, ages, learning situations, etc.

Walters’s four models are: Jigsaw, Student Team Learning, Learning Together, and Group Investigation.

In this sense, working in cooperative groups may provide several gains for students. Cooperative groups
may improve students’ social competence, foremost their ability to collaborate with peers (Bratt, 2008) and they
may improve academic achievement among students (Lazarowitz, Hertz-Lazarowitz, & Baird, 1994). Some authors
also suggest that as a result of cooperation, students will develop more empathy, in particular towards weaker
students (Aronson & Patnoe, 1997).

2. APPLICATION OF THE JIGSAW METHOD IN MATHEMATICAL COURSES

In the teaching of mathematical courses, and as a result of the convergence process in the EHEA, there has
been a widespread reflection on goals —both, short-term (successful completion of the course) and medium-term
(knowledge and skills acquired for use in professional activity)— and on course contents. The use of new information
and communication technologies is renewing teaching methods in Spanish universities with virtual tools of
increasing scope that are ever more widely employed. All these factors contribute to the adoption of instructional
strategies and methods which, though developed two decades ago, are only now beginning to be applied in the
teaching of statistics (Perkins & Saris, 2001).

There are precedents in the literature showing the use of cooperative learning in mathematics courses
(Lampert, 1990; Yackel, Cobb, & Wood, 1991). Learning activities like restructuring problems, integrating different
points of view, giving explanations and analysing misconceptions, collaborative practice, high intensity of student
activities and controversial discussions, which are typically used when engaging in cooperative methods, can be
labelled as cognitive elaboration (Souvignier & Kronenberger, 2007).

2.1. Structure in a virtual learning environment

In our process of adaptation to new educational scenarios we opted for a teaching/learning process based on
e-learning, notable for integrating the use of new technologies and traditional instructional methods. Some of the
most valuable benefits of this type of instruction in our case are the possibility of remote lesson attendance, the
existence of a virtual meeting space for the performance of work and greater dynamism in learning.

Although researchers have explored structured cooperative learning in online environments to some degree,
the need remains for understanding how educators can best apply specific cooperative learning models, like Jigsaw,
to online learning environments in ways that capitalize on and overcome the unique characteristics of this medium
(Weidman & Bishop, 2009).

This organization allows the course to be followed in a virtual way, with students organizing their own time
and rate of work, which is especially useful for students who cannot regularly attend classes for reasons of
employment or compatibility with other studies or mobility programmes such as Erasmus. But also for those who
regularly attend classes it is useful to have an overview of the course, including the materials, course schedule
(calendar), information on events, and means of contact with lecturers and classmates (email, chat, forums,
individual or group virtual tutorials, etc.).

Schaeffer & Cates (1996) suggested Jigsaw as one technique appropriate for computer-mediated
cooperative learning, in which the computer could allow for effective student communication and teacher guidance
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without the need for the synchronous, face-to-face interaction traditional to this and other cooperative learning
methods (Weidman & Bishop, 2009).

Accordingly in the second stage of the course we opt for a problem-based learning approach, using the
Jigsaw method (Aronson & Patnoe, 1997). The course organization now changes and new roles are assigned to
teachers and students.

The empirical work has been developed in Spanish university students. These students study for the first
time in their studies to a statistics course. This is the first experience in quantitative materials held in the Spanish
university.

The students organize themselves into learning groups (basic groups) with five members each. For any one
problem they are provided with the operating principles, the goals to be met by each group and the basic information
structured in blocks. Each member of the basic group must choose a block and, using the materials posted on the
Moodle page, organize his/her own learning, seeking additional information, laying out his/her subject area and
structuring his/her presentation of the block.

A second stage consists of meetings of the “expert teams”. This point facilitates further development of the
self-learning process and a higher degree of organization in the information prepared by each member. As a product
of this stage, each expert group is encouraged to develop a Wiki on their field of study —a web page setting out all
the information gathered on the subject area. These Wikis are highly flexible pages, loosely structured and open to
all the “experts”.

The method’s third stage consists of meetings of the “basic groups”. Each expert transmits information on
his/her particular subject area to the other members. Thus he/she is responsible for facilitating learning by the rest of
the team. Each student in turn receives structured information on the other subject areas, studied in the same way as
his/her own. The objective of this stage, in addition to summarizing and presentation skills, is for the team to learn to
cooperate and to arrive at a reasonable level of understanding of each subject area and a grasp of the subject as a
whole.

Finally the groups are asked to show what they have learned. On one hand the results are evaluated, with all
team members having to successfully complete a questionnaire covering the subject’s basic content, and show their
ability to solve real, specific problems presented to them. As the learning process is cooperative, a mark is awarded
to the group as a whole — in respect of the basic knowledge acquired according to the combined individual marks,
and with the joint solving of a real problem, assessed both by the teachers and by the other teams.

The ultimate aim of the methodology used is the acquisition by students of a set of general and specific
competencies and skills and a basic mastery of mathematical techniques, which are used increasingly in fields of
work linked to economics and business. Accordingly, given the diversity of course objectives, we adopt diverse
teaching strategies so as to foster each of the skills included in the course plan.

3. DISCUSSION AND CONCLUSIONS

This document presents the general pedagogical organization of a course with mathematical content, with
special reference to the use of a particular cooperative learning technical — Jigsaw — within a virtual learning
environment. Among the cooperative learning methods to be found in specialized writings in the field, we opted for
this one in particular because of the ease with which its operating principles can be learned by students, its ease of
application in virtual environments and the possibility of also using other simultaneous and linked learning strategies
(Panitz, 1999).

After a first stage of presenting core materials and general methods, the instructional methodology
presented above has various benefits:
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. The adoption of a problem-based learning approach facilitates meaningful learning in which students
progressively build solutions on the basis of the basic tools learned previously. Thus we break away from
the traditional structure based on memorization and introduce students to the logic of scientific research, as
well as developing their capacity for continuing learning.

o The use of the Jigsaw method allows students to approach a mathematical discipline free of the widespread
prejudices (Bayot et al., 2005).

. The need to cooperate with classmates, peer learning and the absence of a solution supplied by the teacher
all increase flexibility and student involvement in the learning process.

o The creation of Wikis by expert groups represents a challenge for students, who have to undertake a guided
search for information, assimilate that information and organize it for their classmates.

. The structuring of the course in a virtual environment allows location and time barriers to be overcome.

For testing the benefits of the Jigsaw method in statistical courses, it was applied to a course on Statistical
Quality Control with five units, each one comprised four lessons. The goal of our study is to examine whether this
cooperative method can increased motivation and student satisfaction, as pointed out Barkley, Cross & Major
(2005). It is necessary to analyze the question of the students’ motivation and attitude towards quantitative subject
and test what types of teaching strategy can improve students’ performance, because students’ attitude towards
statistics can either be an important obstacle to learning the subject or a significant advantage (Phillips, 1980).

We use a questionnaire about attitude towards statistics (Bayot et al., 2005), with two subscales, one
affective and the other evaluative, both bi-dimensional in structure. In the affective subscale, one factor measures the
degree of interest in the subject and the other the level of anxiety of the students when studying statistics problems.
In the evaluative subscale, one component measuring the utility students perceive for their current studies and the
other the utility for their future professional career.

But, the origins of the student’s negative attitude can be linked with an inappropriate learning method of
high formalized disciplines (Mondéjar, Vargas & Bayot, 2008). To analyse the links between the student’s attitude
toward statistics and the learning methods, we have used the Study Process Questionnaire R-SPQ-2F of Biggs,
Kember & Leung (2001). This questionnaire consists of twenty items, reflecting motives and strategic learning
behaviour of students. Subjects were asked to indicate how true each item was of them by rating a 5-point Likert-
type scale. We have presented both questionnaires to two groups of students, the first following the Jigsaw method
and the second one, a traditional methodology.

Table 1. Attitude toward Statistic Questionnaire

I.C. at 95%
Standard Upper

N Mean Desviation Error Lower limit fimit Minimum | Maximum

Dimension 1: Interest Jigsaw 61| -.0132067 1.06085703| .13582882 -.2849048| .2584914 -2.45496 1.77776
traditional 68| .0118472 .95772396| 11614109 -2199714| .2436657| -2.22565 2.51849

Total 129| .0000000| 1.00389865| .08838835 -1748914| .1748914| -2.45496|  2.51849

Dimension 2: Anxiety Jigsaw 61| -.1020780 .98490445| .12610409 -3543237| .1501678| -2.35275|  1.58387
traditional 68| .0915699| 1.01915970| .12359127 -1551193| .3382591| -2.58273|  2.50758

Total 129| .0000000| 1.00389865| .08838835 -1748914| .1748914| -2.58273|  2.50758

Dimension 3:: Jigsaw 61| -.1296914| 1.06325432| .13613577 -4020035| .1426207| -2.84423|  2.16061
Current Utility traditional 68| .1163408 94017314 .11401274 -1112296| .3439112| -1.90728|  2.16061
Total 129| .0000000| 1.00389865| .08838835 -1748914| .1748914| -2.84423|  2.16061

Dimension 4: Jigsaw 61| .0423494| 1.08803712| .13930888 -2363098| .3210087| -4.46226|  2.00522
Professional Utility traditional 68| -0379899|  .92851166| .11259858 -2627376| .1867578| -2.35501|  2.18222
Total 129| .0000000| 1.00389865| .08838835 -1748914| .1748914| -4.46226| 2.18222
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The results for the attitude questionnaire (table 1) show that the first group haves a lower level of interest
and anxiety about statistics, although the differences were not statistically significant. On the utility factors, also not
significant, the first group receives a lesser extent the present utility of statistics for their studies, but consider it
more useful for future professional development.

For R-SPQ-2F questionnaire, the results are very different. As shown in Table 2, students who have taken a

virtual environment have a greater identification with the in-depth study of statistics, while those who have followed
a traditional teaching method have a higher value on the factor related to superficial study.

Table 2. R-SPQ-2F Questionnaire

I.C. at 95%
Standard Error Upper

N Mean Desviation Lower limit limit Minimum | Maximum

Deep Study Jigsaw 61 | 1.1047238 .66296348| .08488378 9349310 | 1.2745166 .39078 3.15629
traditional 68 .0326983 1.07493811| .13035539 -.2274921| .2928888 -2.87179 3.15629

Total 129 5396251 1.04859655| .09232378 3569467 | .7223035 -2.87179 3.15629

Superficial Study Jigsaw 61 -.0051874 1.08606350( .13905618 -.2833411| .2729664| -2.78590 1.92636
traditional 68 | 1.0644813 .35274098| .04277613 9790998 | 1.1498629 51075 1.92636

Total 129 .5586690 .95156163| .08378033 3928953 | .7244427 -2.78590 1.92636

The results for attitude towards statistics indicate that the cooperative learning methodology provides some
improvement, but they are not statistically conclusive. In contrast, the results offer stronger evidence of differences
in the case of the study processes, a finding that could contribute in part to explaining the differences in attitudes.

Therefore, it is important to continue to formulate and refine existing design guidelines, and strengthen
them by providing evidence of their impact in several contexts (Kali, Levin-Peled & Dori, 2009). In summary,
though Jigsaw is an organized learning method, the combination of peer teaching, the development of Wikis by
“expert groups”, the problem-based learning process and the use of an e-learning environment give the proposed
methodology presented here great flexibility, catering for the widest range of student interests, attitudes and skills.
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