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Abstract. Collaborative learning has been getting more immpoda in
educational environment as one type of mobile iegrmpplication. In this
learning environment there are a shift of learrapgroach, i.e. in a traditional
approach the focus is on the teacher and in statit repetitive contents,
oppositely with a collaborative learning the leasncentered in the students
where they have a critical apprehension of conténéd goes beyond the
classroom, students could learning in differentcega Learning supported by
mobile technologies is becoming a new approach rdsvaducation, and it is
single in the way that offers opportunities to feanywhere and anytime. This
paper introduces the foundations of collaborateaning supported by mobile
technologies as well as presenting and analysiagtolution of collaborative
learning supported by mobile devices in Portugu@serth region) Higher
Education Institutions between 2009/2010 and 20152
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1 Introduction

Mobile technologies, particularly Tablets and Siplaohes, are quickly becoming
powerful technologies enough to override persomahpmuters in several tasks with
the advancement of wireless and mobile technol®glile these technologies has
dramatically transformed our society in the waycgenmunicate, create, retrieve and
share information, collaborate and socialize eatiferp the application of these
technologies is still relatively young [1].

Mobile learning has become a research field ofréste of practitioners in the
different phases of education to facilitate leagnin different contexts [2]. The key
aspects of this interest are the growing importaraktheir use, in the day-by-day, of
students in the most several activities, and thereesing portability of these
technologies, as well as the reduction in theit aos services [3].

Learning supported by mobile technologies is beogna new approach towards
education, and it is single in the way that offepportunities to learn anywhere and



anytime [4], [5]. On the other hand, collaboratigarning has long been believed to
hold great value for education, but creating aatmirative learning experience inside
and outside of the classroom is a challenge witithvteachers continue to struggle,
since there are several obstacles e.g. their oepapation for the introduction of this
learning approach [6]. Additionally, there are nonsensuses in interpreting
collaborative learning. Since, it varies in focus@ding to the literature (see section
2.1). However, new educational application - edocal apps [7] have, at least in
some contexts, begun to transform the way teatbach, students learn, and teachers
and students interact.

This work analyses the evolution of mobile techgas in Higher Education
Institutions (HEI) in Portugal (North region) beteve 2009/2010 and 2014/2015,
being an evolution of the work [8] analyses anduses more general results.

The paper is structured as follows. Section 2 aaity examines previous
definitions of collaborative learning and mLearniagd comes up with a definition
that seems best to serve the learning of individural collaborative mLearning.
Section 3 presents the state of the art in colkthar learning with mobile devices in
Portugal in HEI. Section 4 presents the methodaldggction 5 summarizes the
results and discussion of the research and lastdgtion 6 presents the study
conclusions.

2 Background

In this section, are considered some of the cupedagogical paradigms that support
learning, with particular emphasis on collaboratilearning, whose aim is to
demonstrate the potential that this paradigm h#lsdruse of mobile devices.

2.1 Collaborativelearning

The current educational paradigms aim to motivatdents to learn, with the help of
teachers, technology and other students, which dvpotentially contributed to the
effective development of their academic and/or ggsional activities [9]. These new
educational views are closely related to the pegiagbtheories [10], [11], such as
the constructivism [12], the behaviorism [13], 8iriated learning [14], the problem-
based learning [15], the learning-oriented confé&®f, the social learning [17] and
the collaborative learning [18].

According to Panitz [19] collaboration is an intgtfan philosophy and a personal
lifestyle. In this context, it is possible to stakat the collaborative learning is more
than a classroom approach; it is a way to deal pétbple that respect and emphasizes
individual skills and contributions of each memiséra group. All group members
share responsibilities and authority, thus givingi@re active role to stakeholders in
the learning process.

According to Harasim, Calvert, and Groeneber [20]aborative learning is an
oriented approach that promotes a dynamic andbmmitdive participation, promoting
a greater cognitive development when compared doviotual activities. The great
challenge is to develop a culture of participatéon responsibility of those involved



in learning. That involvement is established thtouge formation of groups or
learning communities.

Additionally, Wiersema [21] points out that a mafficient learning, as well as a
more efficient work, is collaborative and sociahex than competitive and isolated.

To Stahl [22], the process of social sharing ontwbkainderstood by the group,
central phenomenon of collaboration, could be swidihrough collaborative
negotiation sequences, during the interactions é@tvthe participants of the working
group.

Group learning can be interpreted in several w@ygresential or virtual learning;
(i) synchronous or asynchronous. This type ofdeay allows the effort made by
learners can be fully together or through the divisof tasks. Therefore, the practice
of collaborative learning may assume multiple cbemazations, although there might
be dynamics and results of learning to each specifintext, namely when the means
used are diverse, from the personal computer tonthigile devices.

The collaborative learning [23] is part of a sepefiagogical trends: (i) Movement
of the New School; (ii) Theories of Genetic Epistdogy of Piaget; (iv) Socio-
cultural Theory of Vygotsky and; (v) Progressivelagogy.

According to the same authors the pedagogy of tbe School the Progressive,
together with cognitive theories formulated by Riagnd Vygotsky, generate the
foundations of collaborative learning, which haeel lto the movement of classes
focused on the teacher, with static and repetitivetents for classes focused on the
students and a critical apprehension of contents.

2.2 mLearning

Mobile Learning (mLearning) concept is not new antl, is important to
understand/analyze its evolution. For example, IMi#] finished his article, written
15 years ago, with the following statemerithé concept of mLearning is yet very
unknown. On 15th of September 2000 the Google provided 40 links to mLearning and
29.900 to elearning.”, while Costa and Xavier [25] by performing a sgaron
Google in July 2014 found approximately 252 millibnks to eLearning and 231
million links to mLearning.

mLearning can be defined as a way of learning thnakes use of mobile
communication technologies and gives to the stugdine capacity to learn anywhere
and anytime. This definition is based on the d#finipresented by [26] “Any sort of
learning that happens when the learner is not fatea, predetermined location, or
learning that happens when the learner takes aalyardf the learning opportunities
offered by mobile technologies.” Mobile learninghdae defined as the learning that
occurs linked to mobile devices [27]. Mobile dewcimclude mobile equipment
(Laptops, Tablets and Smartphones) which have heelergoing a very strong
evolution from the point of view of capacity, rddiity and, at a more economic
perspective, a great reduction in prices. They l@rae to endow their installations
with wifi networks, which by on the one hand, prdmg and fostering the use of
those devices and, on the other hand, allow théuten of the teaching-learning
process (TLP).



mLearning, according to Traxler [28], offers fiveatures that potentiate new
learning opportunities: (i) contextual learningoals students to respond and react to
experiences lived in different contexts; (ii) loedtlearning, learning occurs in the
applicable environments; (iii) the authentic leamiwith tasks directly related to the
objectives that want to reach; (iv) the conscicening of the context in which is
informed by the history and objectives; and (v)spaalized learning, that is, directed
to the preferences of each student.

Contrary to other kind of learning activities, th&P with mobile devices began
with the assumption that students are always ogohand have activities in line with
the context in which they are. In this context, Lot al. [29] argue that mobile
devices provide the integration of education inoethand beyond, with continued
learning experience. In the same direction UNESBQ] has prepared its guidance
projects for mLearning and recognizes the valumalbile technology is significantly
higher when students continually learn from thebife devices (BYOD - Bring
Your Own Device) as ubiquitous mediators betweqresyof learning, for example
collaborative learning.

3 Stateof theart

According to the literature the use of mobile desidor educational purposes using
different methods and devices has been conductatchdrthe world. All across the
globe, students from elementary school through bkidtool are increasingly engaging
with advanced wireless devices to collaborate wibrs, access rich digital content,
and personalize their learning experiences. Always- always-connected,
Smartphones and Tablets provide today’s studentsamibiquitous gateway to a new
ecosystem of information, experts, and experienaggrdless of the physical assets
and resources in their own communities.

Baran [31] presents a study with a review of resfean mobile learning in teacher
education where 37 papers were analyzed. In thysasahe following categories
were considered: subject domain, type, method, stasiaces, reliability, validity and
trustworthiness report, mobile technology used @nthtry context. From this study it
was possible to conclude that there is no studynohile technologies in education,
particularly in Higher Education Institutions in fggal (North region), thus making
it relevant and justified.

4  Research methodology

The purpose of this section is to describe the gmores used to collect data that are
the basis for this research. The main feature efsttientific method is an organized
research, strict control of the use of observatiand theoretical knowledge. The
present study was based on quantitative researttiodwogy.

For the present study, we used the methodologyafhiifative research, since it is
more appropriate to determine the opinions andud#s of the respondent based on
structured questionnaires. In this approach, dataallected through structured



guestionnaires, and clear goals in order to ensuniéorm compression of the
respondents and a consequent standardizationudfsies

The method of the questionnaire, according to [8];ecommended when you
want to know a population, to analyze social phemeamand, in cases where it is
necessary to inquire a great number of people al@outertain subject. The
guestionnaire before being delivered was subjectélde evaluation of four experts in
the field. The objective of this study was to obtainswers that will measure the
influence of the utilization of mobile devices inEH The quantitative study was
based on a questionnaire with 16 questions (Q1-Qi%) matter of space we will
just present the analysis of the comparison betwwermuestions (Q15 and Q16) and
these results crossed with questions Q1, Q2 and Q3.

5 Analysisand discussion of results

The surveys presented to the students had a femgebalepending on the academic
year (2009/10 and 2014/15), since there are somprent and technologies that
were important in 2009/10 and today are no longsedu for example PDA, or
technologies that are now part of the daily livéstadents.

In the survey conducted in the academic year 2@14/@re included questions
related to Tablets and new technological solutibmshis context, the section will be
divided into three subsections, the first one witlte sample characterization
information [8], the second dedicated to the usmobile devices to support learning
(Q15) and the third subsection dedicated to the afsmobile devices supporting
collaborative learning (Q16) through the analysid aiscussion of the comparative
study of the common questions of the academic y2209/10 and 2014/15, as well as
the intersection of these issues with the courdd,(ge (Q2) and gender (Q3). Data
were collected and treated with the use of IBM SB&8istics 20.0 software. In this
paper will not show all the results obtained dudah® number of pages limitation.
Thus, the results of Q15 and Q16 questions will fgiesented as well as its
intersection with the characterization questions,(Q2 and Q3).

5.1 General characterization

The study sample consists of 151 students in tf@9/20 academic year and 273
students in the academic year 2014/15, distribatedng the courses Electrical and
Computer Engineering (from now on will be referres throughout the text as
Engineering), Economics/Management and Law in lEhée north of Portugal. Age-
related question (Q2) revealed some differencesdmit the two academic years of
study (20109/10 and 2014/15). For example, whil@®9/10, the percentage of
students aged 18 years was 4.6% in 2014/15, theeqmage passing to 25.3%. In
contrast, the trend in higher class (> 20 years)&aaeversal of the proportions, i.e.,
45.7% and 28.9%, respectively. In both academiasy#lae percentage of female
students is approximately 60% (Q3).

The distribution of students attending the courf®4) is as follows: in the
academic year 2009/10 responded to the survey Zd @Haw students, 40.40% of



students of Economics/Management and 37.75% oéstacengineering; while in the
academic year 2014/15 responded to the survey 28®4daw students, 34.80% of
students in courses Economics/Management and 36@6&ngineering students,
with a clear trend of using mobile devices in TLP.

5.2  Mobiledevicesto support learning

Evaluating the answers to the questi@o'you consider come to use mobile devices

to support learning?"' (Q15) is prevalent in both academic periods,ghecentage of
students who responded positively. Should be hgyhdid that is even more apparent
the percentage of positive responses in the p&dd/15 to 93.4% ofYes' against
87.3% in the previous period (2009/10). The posifivevalence is relevant whatever
the frequented degree (with particular regard eoperiod 2014/15). Therefore, when
we perform Chi-square test to assess whether tlserassociation between the
questions and the course we conclude that there &gnificant associatiorp{value

= 0.343 and p-value = 0.912, respectively). It seemed so interesting to arelyz
whether there are differences of opinion on thigsgjion by student course area.
Considering the areas - Science and Humanitiessésuthe results are in Tables 1-2.

Table 1. Frequency of use of mobile device by Course arear(009/2010).

Science Humanities  Total
courses courses

No 13 6 19
68,4% 31,6% 100,0%
11,1% 18,2% 12, 7%
Yes 104 27 131
79,4% 20,6% 100,0%
88,9% 81,8% 87,3%
Total 117 33 150
78,0% 22,0% 100,0%
100,0% 100,0% 100,0%

Table 2. Frequency of use of mobile device by Course arear(014/2015).

Science Humanities Total
courses courses

No 13 5 18
72,2% 27,8% 100,0%
6,8% 6,3% 6,6%
Yes 179 74 253
70,8% 29,2% 100,0%
93,2% 93,7% 93,4%
Total 192 79 271
70,8% 29,2% 100,0%
100,0% 100,0% 100,0%




By observing the two tables above and performingr&® Chi-square associations
with continuity correction g-value = 0.434> 0.05 and p-value = 1.000> 0.05,
respectively) found that there are no differendespinion by areas of knowledge.

We also performed an analysis in order to assessh@hthere were differences in
the opinion of students according to their genderctuding that in both periods are
predominant positive responses, regardless of geRdwlly, we find it of interest to
assess whether age (group 1 - 18/19, and gro@®3ears or more) had influence on
the opinion of students on the use of mobile devitte support learning. In both
periods, we conclude that there are no significéfiferences with values obtained for
the p-value exceeding 0.9, since the predominaat™Yegardless of age group.

Among the mobile devices we were also assesshéotvio periods, if there was an
association between the frequency of use of eattheafobile devices (PDA, Laptop,
Mobile Phone, Smartphone and Tablet) and the Cpusseg for this the association
test Pearson chi-square (Table 3).

Noted that, regarding the PDA device, this was @slyessed in 2009/10 because it
was replaced with more modern technologies, sucthed ablet (only emerged for
evaluating the period 2014/15).

Table 3. Values of the p-value for the crossing of the desithat are more used for the Course.

Academic year Academic year

2009/10 2014/15
Laptop 0,043 0,000
Mobil phone 0,125 0,000
Smartphone 0,257 0,000
PDA 1,809 -
Tablet e 0,082

For the school year 2009/10, it is only significassociation between the use of
the Laptop and the course, this is because wetliadalthough predominate positive
responses to any course, from among negative respprs very relevant the value
obtained for the Law degree (21.2% of "No" agathst 8.2% and 5.3% for other
courses).

As for the most recent period, we highlight sommlifigs of interest only to the
intersections that revealed the existence of aifgignt association. In the course of
Engineering, nearly all students use the Noteb8@k4) and the Smartphone (87.9%)
and only 26.3% use the Mobile Phone. In the Econsfiianagement course, Laptop
and Smartphone are also the most used deviceshtwlesser extent (about 65%).
Already in Law course, the most widely used devg¢he Laptop (81%), and the
Mobile Phone and Smartphone used respectively By &Td 55.7% of students.

Finally, comparing the evolution of the use of nteldevices in the two periods,
the verified transition is evident, regardless afise, for the use of a technologically
more advanced device. While the first period wasenfeequent Mobile Phone use,
the most recent period, the Mobile Phone has beameeded by the use of
Smartphone (Fig. 1).
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Fig. 1. (a) Evolution of the use of Mobile Phone in thesthcourses for both academic years
and (b) Evolution of the use of Smartphone in tired courses for both academic years.

5.3 Mobiledevicesin supporting collaborative learning

Evaluating the answers to the questi@o'you consider come to use mobile devices

in collaborative learning environments?" (Q16) predominance of positive responses
("Yes") in any of the periods and whatever the seusttended. However, while that
for the school year 2009/10 we conclude that there statistically significant
associationgg-value = 0.040 <0.05) between the course and the responses to question
Q186, this situation no longer holds for the per&id 4 / 15 p-value = 0.307> 0.05).

The existence of an association in the period 2M9as due to the fact that the
percentage of positive responses in the coursea®f, though high, (69.7%) was
significantly lower than those obtained for the Hegring (83.6%) and
Economics/Management (90.2%) courses.

Then examined whether there are differences irusiee or not, of mobile devices
in collaborative learning environments dependingttma gender of the students. We
conclude that, as to the question Q15 (analyzedvggbacare prevalent positive
responses, regardless of gender, for both per&idslarly, we evaluated also to this
guestion (Q16), whether age influences the opioibstudents. Once again, we find
similar behavior to that obtained for the Q15 questi.e., no significant differences
in both periods (predominance of "Yes" to the twe groups).

So we think it would make sense to evaluate ifghswers to both Q15 and Q16
guestions were related or not (Table 4). By calefubserving the Table 4 and having
regard to the values obtained for the respectivalpe p-value = 0.000 <0.05 in
both periods), we conclude that these two questaasrelated in the sense in that
students most consider come to use mobile deviclesining are also the most likely
to consider using these devices in the collabcgatearning (the same kind of
behavior is found for those who do not consider €donuse).

Table 4. Crossing of the questions Q15 and Q16 for botheradyears.

2009/10 2014/15
Q16 Q16
No Yes Total No Yes Total
Q15 No 16 3 19 13 5 18




84,2% 15,8% 100% 72,2% 27,8% 100%

64% 24% 12,8% 52,% 2,0% 6,6%

Yes 9 121 130 12 241 253
6,9% 93,1% 100% 4,7%  953% 100%

36% 97,6% 87,2% 48% 98%  93,4%

Total 25 124 149 25% 246 271
16,8% 83,2% 100% 9,2% 90,8% 100%

100% 100% 100% 100% 100% 100,04%

6 Conclusions

Collaborative learning seems to be a learning iatiom whose time has come. It will
make a student actively engage in building theirnoknowledge. Basically,
collaborative learning supported by mobile techgglallows that on one hand the
students have access and share materials and eastilis that promote working in
group and sharing ideas and knowledge.

In a collaborative learning environment there ahidt of learning approach, i.e.
in a traditional approach the focus is on the teaddnd in static and repetitive
contents, oppositely with a collaborative learnihg learn is centered in the students
where they have a critical apprehension of conttéat goes beyond the classroom,
students could learning anywhere and anytime.

In order to understand the developments in theafismobile devices in higher
education in Portugal ((North region) a researcts warried out in two separate
academic years, separated by five years (2009/20id 2014/2015), in very
heterogeneous courses (Law, Management/Economiat MEngineering). As
previously discussed the result clearly shows & gigpwth rate of the use of mobile
technology and the collaborative learning suppoligdhese technologies in higher
education institutions in Portugal (North regionistj like other countries already
studied.

The goal of future work within the same target (igig education institutions in
Portugal — North region) is to identify and analytte introduction of mobile
technologies and tools in the teaching/learningc@gse and its advantages and
disadvantages. Additionally, we will study how HEl® promoting courses or course
contents specifics for mobile learning.
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