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ABSTRACT

This paper reflects on an attempt to introduce smartphones into a blended learning context and highlights several
methodological considerations relevant to the collection of mobile data. While mixed methods are now common, using
this approach for investigating the challenges of mobile data collection is not as common. This study employed a mixed
method longitudinal exploratory multiple case study design. The study collected qualitative and quantitative data on
student interactions within a yearlong series of collaborative language learning activities. This paper describes the
methodological issues that emerged during the planning and implementation of the study. The participants were
undergraduate students studying English translation at a four-year private university in Tokyo, Japan. This paper adds to
the knowledge of employing mixed methodology design for mobile data collection and analysis. In particular the
advantages of incorporating Multidimensional Scaling (MDS) analysis with qualitative data. The results suggest that
separate forms of data collected at similar frequencies and times and then triangulated provided an effective methodology
for studying collaborative learners in a highly mobile context. This can be seen as evidence for the inclusion of various
data collection cycles within a single mobile learning research study.
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1. INTRODUCTION

The dramatic impact of smartphone technology on society suggests the potential for a similarly significant
effect on education. This study explores a specific sector of education affected by this technology; it focuses
on the impact on students from integrating mobile phones in collaborative language learning activities at the
university level. The object of the research study designed around the following methodology was to add to
the understanding of this interaction, such as, how the affordances mobile technology offers, like anytime and
anywhere communication and data gathering, affect student approaches to the activities.

The study demonstrates that valuable results can be gained from such an approach and that the strength of
the findings can be increased through triangulation. Also, the design of the data collection frequency was
shown to have a relationship with the pattern of triangulation. This finding may be of value to other
researchers during the research design phase and the coding phase.

2. LITERATURE REVIEW

There is a deep variety of methodologies employed in mobile research. Wu et al. (2012) reviewed 164 papers
published from 2003 to 2010 from the perspective of methodology in relation to four research purposes;
purpose one being mobile learning systems and the evaluation of their effectiveness, purpose two being
designs of mobile systems and the evaluation of their effectiveness, purpose three is investigating the
affective domain during mobile learning, and purpose four is designing a mobile system for learning. They
discovered that for purpose one, researchers primarily relied on surveys (26 studies), followed by
experimental research methods (20) and descriptive methods (7). For purpose two, experimental research
methods were used most often (4), followed by surveys (2), descriptive methods (1) and observation (1). For
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purpose three, only two methodologies were used: surveys (6) and interviews (1). For purpose four, surveys
were the most commonly used methodology (16), followed by experimental research methods (14),
descriptive methods (8), case studies (2) and observation (1). Similarly, Baran (2014) found that for mobile
learning in the teacher education literature most methodologies were case studies or mixed method. Data
sources they report included questionnaires, interviews, blogs, recordings, observations, journals, artefacts,
usage data, and audio and video transcripts.

3. STUDY DESIGN

The research design presented here is a case study to explore the impact of mobile phones on collaborative
learning activities in a university setting. The methodology utilised in this study can best be described as a
longitudinal mixed methodology (qualitative and quantitative data), exploratory, multiple case study
approach adopted for a period of one academic year. The objective was to gain a greater understanding of the
processes and consequences that result from incorporating mobile phone interaction capabilities into
collaborative learning activities for Japanese university undergraduates.

The participant sample in this study was drawn from a larger population of undergraduate students
studying English as a foreign language at a four-year private university in Tokyo, Japan. The students were
all between the ages of 18 and 20 years and living in Japan during the study period. Four groups of between
five to eight members were formed from volunteers and followed a three-step process. A gender balance of
males and females was attempted but was infeasible owing to the high percentage of female students in the
school. Group one had 5 girls and 2 boys, group 2 had 8 girls, group 3 had 6 girls, and group 4 had 6 girls.

4. DATA COLLECTION

Evaluating mobile device use is challenging because of the wide variety of usage patterns (Trinder, Roy,
& Magill, 2009), locations, and circumstances, in which they are employed make it infeasible to follow the
user around. When compared to laptops or fixed computers, mobile or pervasive technologies present a
challenge to methodology designers (Lim & Rogers, 2008). For this reason, a range of both qualitative and
quantitative data was gathered so as to provide a wide “net” with which to capture a diverse range of data.

Quantitative data collection followed van‘T Hooft’s (2009) proposed six types of quantitative research
data for collection with mobile devices were followed; spatial data indicating where the device is being
operated; temporal data indicating when the device is being used; user data showing what they are being
employed for; learner data indicating what content is being accessed; connectivity data recording who the
learner communicates with; assessment data which deals with how the learners know that they are learning
and what they are learning. This study incorporated the collection of spatial data through a short survey done
during each mobile log in, but no specific location coordinate data was collected. The website logs recorded
temporal data of website entry and actions (Figure 2) but could not resolve the precise time spent online. The
online time was worked in as an interview question to obtain an approximate sense of how long the
participants spent online during each activity. User data was gathered on the actions while logged into the
research website to provide a coherent picture of how they carried out the activities. Also, the MDS data was
collected to provide a visual representation of any changes in relationship between user and device in the
context of the activities (Figure 3). The learner data was recorded and included all online actions and
artefacts related to the collaborative activity (Figure 2). The connectivity data was gathered solely for the
forum post interaction logs, but any contact outside of the Moodle course website was not recorded in the
website logs. The students could declare any alternative communication channels (Twitter, Facebook,
face-to-face, etc.) employed each week by filling out their weekly E-Journal which is similar to log books
used in some studies (Corlett, Sharples, Bull, & Chan, 2005). The course assessment data comprised the
forum answers but was not part of this study because the researcher wished to separate any grading of student
participants and the research.
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Figure 1. Study Timeline

Qualitative data generally consists of attitude surveys, interviews, and questionnaires which typically rely
on memory after the event for developing theory and interpretations from the perspective of the individuals
being studied (Ezzy, 2002). Theoretical questions and answers were continuously updated in an ongoing
dialogue with the experience being investigated which in turn allowed for the transformation of interview
questioning producing a much more sophisticated understanding of the experience under study (Ezzy, 2002).
This process of examining the data as it is collected continued until a point of saturation had been attained
where the researcher could find nothing new (Glaser & Strauss, 1967).

A timeline of the major data collection periods can be seen in Figure 1. Student online website log data,
e-journals, student artefacts, and face-to-face interviews comprised the principal sources of data.
Retrospective interviews were also carried out to resolve the queries raised from preliminary examination of
student e-journals, artefacts submitted such as posted comments to the website, and online logs. Website data
aggregation Triangulation was employed to strengthen the validity of findings by correlating data from these
various sources and noting when they converged on a similar result (Mathison, 1988).
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Figure 2. Log Data Collected

4.1 Web Site Logs

Several computer logging systems were employed to monitor the participants’ interaction with the website.
These logging systems enabled the researcher to distinguish interesting usage patterns that could be later
correlated with the other findings. The array of data compiled from these logging systems is set out in
Figure 2. All initial entrance to the Moodle page went through Handset Detection service which distinguishes
the entry device - mobile phone, tablet, computer, etc.- characteristics.

The e-journals and the final questionnaire proved to be rich sources of data. Many of the findings from
the interviews and other data sources were corroborated through triangulation with the e-journals and
questionnaire; this can be seen in. In addition, they provided a way to monitor back channel communications
between students that took place outside of the course CMS.
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Artefacts in this research refer to text, video, picture, audio, or any other files that students made while
using their mobile phone. The activities used in this study was in the form of small group collaborative
learning activities consisting of weekly modules that were accessible on private class website by either
mobile phone or computer. These activities consisted of homework questions related to translation issues that
are relevant when moving between the Japanese and English languages.

Two semi-structured individual interviews were conducted over one academic year. The first was held at
the tail end of the first semester; the intention was to obtain information on participant attitudes to using
mobile phones and to ensure that they were completing the weekly homework activities without difficulty.
The second interview was held at the end of the second semester and consisted of follow-up questions from
the first interview and any clarification questions required to explain access patterns.

5. DATA ANALYSIS

5.1 Qualitative Data Analysis

The qualitative coding included the interviews, website logs, location survey, e-journals, questionnaire, and
artefacts. The first stage of data analysis was content analysis, the organising, tracking, categorizing, and
contextualizing the data obtained at distinct stages within QSR International's NVivo 10 Software to improve
the reliability of the study (Maxwell, 1996; Stake, 1995; Wickham & Woods, 2005; Yin, 2009). A inductive
form of thematic analysis coding (Ezzy, 2002) was adopted to identify themes or concepts in the data, build a
systematic account of what has been observed, identify any emergent theory, and highlight issues and
problems not anticipated.

5.2 Quantitative Data Analysis

In this study, at the beginning and the end of the data collection period, the participants were given an online
word association questionnaire to complete, and the results were analysed using a MDS technique. MDS is a
method for capturing efficient information from observed dissimilarity data by representing the data structure
in lower dimensional spatial space. The reasoning behind using this technique was that it could provide a
picture of how students perceived mobile technology in relation to the other aspects of their school life within
the context of the study. By comparing this image pre-study and post-study, any changes in their views may
be observable.

MDS is a well-known group of data analysis techniques which spatially represent the data's structure to
make it easier to assimilate. In this study, the purpose for using MDS was to obtain a picture of the
participants’ relationship to school in general, homework, and mobile phones. It was expected that by
analysing these word association questionnaires, the researcher could observe any variation in participant
attitudes in the changing relational position of the words.

The output from MDS is in a two-dimension plot (Figure 3) of all the objects (words), and the distance
between them indicates the value of dissimilarity. The closer the words appear visually in the plot the
stronger the participants’ perceived similarity between them. The advantage of MDS is that it represents the
data spatially to allow a visual interpretation of the distances between the points plotted in two dimensions,
so the interpretation of distance is visual. As mentioned, there are two sets of data: one from semester one
and one from semester two. These two data sets were combined into a super matrix which allowed any pre
and post data change in perceived similarity value reported by the participants between the beginning and end
of the study to be represented by a movement in the second set of plotted points. The first set of data points
are represented by the number of the word, followed by the letter “a,” so all numbers followed by the letter “a”
are from the semester one response data. Likewise, the second set of data is the number of the word followed
by the letter “b,” so all numbers followed by a “b” are from the second semester responses. The arrows were
added later to indicate any change in the position of the points which represent a change in the perceived
similarity of the words among all the participants. When a word is recorded as moving closer to another word,
it indicates that the second semester data point has shifted closer to another second semester word, which
suggests those two words are now perceived as having more in common at the end of the study than at the
beginning. This information combined with the other data sources in this research enhanced the triangulation.
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Here we can see that the MDS results correlated around research questions one, two and three. In Figure 4,
the MDS analysis is in cluster B along with “Interview 17, “Interview 2”, and “Final Questionnaire”
indicating that the findings from the original MDS analysis in Figure 3 closely correlated with data from
these three sources.
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Figure 3. MDS Plot All Groups

5.3 Triangulation

Many mobile learning research projects have utilised interviews, questionnaires, diaries, and focus groups to
collect information (Sharples, 2009). When these methods are employed individually, in mobile research
(Traxler, 2007) as well as other forms of research (Wali, Oliver, & Winters, 2009) there can be uncertainty in
the reliance on the memory and honesty of participants. In this study, an additional problem with relying on
users to articulate their actions is that they may not possess the language skills to report their experiences.
Triangulation is a research strategy that incorporates several such research methods in a single research study
to yield a more comprehensive view, to clarify a complex phenomenon, or when a conventional approach
generates a distorted picture (Cohen, Manion, & Morrison, 2007). Also, it can strengthen the validity of
findings, such as when data from disparate sources or compiled with diverse methods “converge” (Mathison,
1988) on the same result.

The value of the triangulation is clear from large number of supporting data points for each code
represented. The data points are both qualitative and quantitative so supporting the idea that mixed
methodology studies can provide a rich multidimensional view of a complex collaborative activity such as
mobile learning. The clarify this point, in Figure 4 this same data has been analysed using MDS to produce a
two-dimensional plot of the triangulation data in Figure 4: MDS Analysis of Data Triangulation. In this plot,
the distance between the data sources represents the similarity — the number of times the data sources
supported each other. There are three clear outliers; these include “Time online”, Read Write Count, and
“Location.” “Time online” can be explained by the technical difficulties in measuring mobile connect time as
discussed earlier. This made the data source unreliable alone which made the researcher hesitant to use it.
“Location” data was collected from the small three-question survey the students were to answer each time
they connected to the mobile website. However, it was found through the interviews that many students set
book marks for the mobile site which linked to internal pages of the website so bypassing the small location
survey. This again meant that the data was not utilised to a great extent because the number of student
answers was limited. The “RW Count” was accurately measured but appears to have had little impact on the
triangulation of data. This may have been an oversight on the part of the researcher or could mean that the
data was of little value. This could be an area for further research.
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Figure 4. MDS Analysis of Data Triangulation

Cluster A includes “Homework Answers”, E-Journal Communication Types”, and “E-Journal
Comments”. One possible explanation for this cluster is that this data was collected on a weekly basis at the
same time as the homework activities. This means that the issues directly related to homework completion
and submission would likely appear in these three sources. If a participant had trouble with a homework
discussion online they would likely mention it in their weekly E-Journal along with the type of
problem -face-to-face, texting, etc. This can be seen with the code “ease and speed of use” which is
supported by these same three sources. Cluster B includes “MDS Analysis” (Figure 5), “Interview 17,
“Interview 2”, and “Final Questionnaire.” These four sources were clearly separate from the course in which
the homework assignments were completed. Without the final questionnaire these took place twice during the
research which may account for the similarity of topics. Also, they were heavily affected by the researcher
reflections during the ongoing process of exploratory research. The interviews and the final questionnaire
provided a way to collect the participants’ detailed views of the experience of working with the mobile
devices. An example of this is the code “increased control” under research question one.

These results suggest that separate forms of data collected at similar frequencies and times may increase
the likelihood of triangulating those data. Again, this can be seen as evidence for the importance of various
data collection cycles within a single research study. Cluster A was a weekly collection cycle and the three
types of data collected clearly supported each other. The same can be seen for the yearly collection cycle in
cluster B. The distance between these clusters indicates that there were fewer triangulated data points
between the clusters then there was within them. One question that must be asked is whether this reduced
triangulation between cluster A and cluster B data sources is due to differences in data findings alone or
researcher actions. The coding phase of the research involves several iterations to isolate the codes but this
result suggests that a deeper comparison of the findings between these two clusters may yield another layer
of codes.

6. CONCLUSION

This research study provides several implications for further mobile learning research. In terms of
methodology related recommendations that may overcome issues with mobile data collection and mobile
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interface. The results suggest that separate forms of data collected at similar frequencies and times increases
the likelihood of triangulating data points so compensates for the difficulties related with studying this fluid
phenomenon. This can be seen as evidence for the importance of various data collection cycles within a
single mobile research study. The researcher feels that these multiple data sources and case study design did
add to the validity and reliability of the findings in this research by providing many points of data
triangulation. The difficult of studying a phenomenon of this type that takes place at all times of the day and
in all imaginable spaces is clear. The log data provided an invaluable source of confirmation for the interview
data and the MDS plot provided a further graphic representation that greatly help in identifying changes that
correlated across data sources.

In the future, the relationship to the mobile phones and the position they hold in student lives could be
better understood through another a series of longitudinal studies following the same methodology. Since the
relationship that students have with technology changes as fast as the technology advances, this could include
a new cohort of students each year for several years. Each progressive year will have had a different history
with the technology, and it is this slight difference that could provide important insights on the relationship
between mobile device affordances and learning.
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