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Abstract— Identifying research trends is an integral part of the 
planning phase of academic research and can be a daunting 
task for those not familiar with the process. This paper 
proposes the use of the Milky Way search engine to assist 
novice students who are beginning to undertake research.  
Using data-processing and data-mining techniques with data 
from SciVerse Scopus, the Milky Way search engine can 
provide students with a way to investigate research trends and 
test trend hypothesis’ in their field. We evaluated the use of the 
Milky Way search engine in the field of mobile learning to 
analyze research trends. 
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I.  INTRODUCTION 
As the research and development into wireless 

communication and mobile technologies moves forward, the 
importance of mobile and ubiquitous learning becomes 
greater, enabling more superior techniques to augment real-
world surroundings with digital learning tools [1]. Studies 
into the application of mobile and ubiquitous learning are 
numerous, with many conducting investigations into 
research trends to enable greater awareness within the field 
for both young and experienced researchers [2]. Hwang and 
Tsai (2011) indicated that by carrying out investigations into 
research trends “analysis results could help policymakers in 
governments and researchers in professional organisations 
to allocate the necessary resources and make plans for 
supporting future research and applications” and that the 
“findings could be good references for educators and 
researchers who plan to contribute to the relevant studies”. 
This highlights the importance of conducting research trends 
analysis and the possible individuals and organizations that 
would benefit from such studies. 

Previous research surveys in the field of mobile and 
ubiquitous learning were conducted by veteran professors 
who had years of experience. The research was 

accomplished by gathering papers of relevance and 
analyzing the contents to determine research trends. While 
this task can be carried out by a seasoned professor, for 
students just starting out in the field it would prove to be 
challenging. It is very important for students who are just 
beginning to engage in research to conduct a research 
survey and collect all the necessary information to guide 
them through the planning phase of their project [3]. 

The task of comprehensively analyzing research trends in 
ones field requires a certain level of knowledge which 
novice researchers and students might not possess, such as: 
appropriate keywords to use when gathering references to 
conduct literature reviews. Using ICT technologies such as 
data-processing, it is possible to design tailored search 
engines that can better suit the learning needs of these users. 
Data-processing is a discipline encompassing features, such 
as: search engines, data mining, image recognition, and 
recommendations derived from the analysis of large 
amounts of data. In this paper we built a search engine 
called the Milky Way using data processing technologies 
with the intention of supporting students who are 
undertaking analysis of research trends in the field of mobile 
learning. The Milky Way search engine was evaluated by 
using it to analyze research trends in the field of mobile and 
ubiquitous learning. 

II. SYSTEM 
The Milky Way search engine was populated with the 

information, such as: title, authors, keywords, abstracts, etc 
of 13326 articles and papers contained within SciVerse 
Scopus. Papers were selected based on the follow two 
criterions: having been published from the year 1992 to 
2012, and contain the keyword “e-learning”. This data set 
was used to conduct the research trends analysis in this 
paper. 

Using the Milky Way search interface, the user can 
control the search engine by changing curtain inputs and 
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parameters (a) as displayed in Figure 1. Based on these 
inputs, the results from the search engine (b) are then output 
as displayed in Figure 2. 

 

 Figure 1: Input query and parameters interface 
 

a) Input query and parameters 
��� String of keywords and controls used to define a 

search query; 2: Toggle the display of advanced search 
settings interface; �� Toggle the display of verbose results 
output; �� The number of top ranked keywords to be 
returned for each year; �� The number of top ranked keys to 
be returned for each year; �� Results sorting method 
selector; 	� The number of top ranked countries to be 
returned for each year; 
� Publish date year range; �� The 
number of top ranked authors to be returned for each year; 
���� Threshold of the minimum number of top ranking years; 
��� The number of top ranked sources to be returned for 
each year; �� Toggle to display results as dots instead or 
numeric output; ��� The number of top ranked 
organizations to be returned for each year. 

 

 
Figure 2: Results output interface 

 
b) Results output 

�� Total number of articles containing the query string; � 
The number of years the item was top ranked; �� The 
number of articles that contained the item in the top ranked 
years; �� The total number of articles that contain the item; 
�� The Milky Way which shows the top ranking years for 
each item, as displayed here in dot output. 

III. RESEARCH TRENDS OVERVIEW BY FEATURE WORDS 
In order to determine research trends by feature words 

relating to mobile and ubiquitous learning, analysis was 
conducted using the keywords “mobile learning” in the 
query string input of the Milky Way search engine. The 

number of top ranked keywords to be returned for each year 
was set to five. 

Some definitions of “mobile learning” describe it as the 
act of learning while on the move. In more recent times the 
definition has become associated with the use of mobile 
computing devices used to facilitate the act of learning [4]. 
It is hypothesized that this has been spurred along by 
advances in mobile communication devices, such as: 
laptops, mobile phones, smart phones and more recently 
tablet computers [5]. The Milky Way search engine was 
used to analyze the research trends in mobile and ubiquitous 
learning by feature words in order to test this hypothesis. 

 

 
Figure 3: The Milky Way of “mobile learning” feature 

words 
 

The results of the analysis are displayed in Figure 3. As 
observed in 2005, three technology related keywords rose as 
possible research trends, “phones”, “pdas” and to a lesser 
degree, “hoc”. On further investigation into the usage of 
these keyword is was determined that “pdas” referred to the 
use of Personal Digital Assistant or Pocket PCs, “phones” 
referred mainly to the use of mobile (cellular) phones and 
Smartphones used to facilitate learning in a mobile 
environment. The keyword “hoc” was found to refer to “ad 
hoc” wireless communication networks that can be created 
as needed. These keywords focus on hardware based 
technologies that are used to support mobile learning. The 
keyword “wireless” comes to rise in 2006 with additional 
research conducted in wireless internet and network 
communications, as well as research into the use of near 
field wireless communication, such as: Bluetooth personal 
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area networks and infrared data communications. In 2008 
the keyword “devices” appears as a possible research trend. 
On further investigation it was found to refer to the use of 
Smartphones, Pocket PCs, PDAs, mobile phones, portable 
computers (such as laptops and notebooks) and to a lesser 
degree: mobile music players, and digital dictionaries. Up 
until this point hardware based technologies have been a 
dominant focus in the research trends analysis results. The 
most recent keyword, “android”, first surfaced in 2011 is a 
reference to the Android Smartphone operating system 
software by Google which has grown in consumer market 
popularity in recent years since its release in 2008 [6]. This 
signals a change in the trend from hardware to software 
based technologies and may suggest that future research 
trends will focus on emerging mobile software platforms as 
opposed to previously dominant hardware devices. 

This trail of keywords returned in the results from the 
Milky Way search engine suggests that a technology driven 
research trend in mobile learning exists and offers possible 
insight for novice research student into the change from 
hardware to software technology based research. 

IV. COMPARISON OF RESEARCH TRENDS BY COUNTRY 
 

 
Figure 4: Number of articles published between 2001 and 

2010 by country result from the Milky Way 
 

 
Figure 5: Number of articles published between 2001 and 

2010 by country 
 

Analysis of research in mobile and ubiquitous learning by 
country may provide insight into the possible influences and 
benefactors of trends. Using the Milky Way search engine 
to compare the research trends of countries initially returned 
the results as displayed in Figure 4, with the United 

Kingdom, Spain, and more recently China and Taiwan as 
countries with strong research trends.  

Further detail was obtained by using a compilation of 
results from the Milky Way search engine to create a view 
of the trends in the number of articles published relating to 
mobile learning by country of origin, as displayed in figure 
5. The four top ranking countries in mobile learning 
research by number of articles published are: Taiwan, 
China, United Kingdom, and Spain. The trend in the number 
of articles from these countries seems to share a common 
point: the amount of published articles increased noticeably 
after the year 2005 when compared to other countries. A 
novice research student might pose the question: what was 
the catalyst for the increase in research and resulting 
published articles? On further investigation it was 
determined that government public policy might be a 
significant contributing factor. 

In the case of Taiwan, a government driven program 
promoting e-learning could be linked to the dramatic rise in 
the number of published articles as described by Hwang [2]. 
In 2005, China’s Ministry of Education implemented 
policies stipulating future focuse on e-learning [7]. As with 
Taiwan, this could possibly explaining the sudden increase 
in research and published articles in the following years. In 
the United Kingdom, the Department for Education and 
Skills’ 2005 strategy, “Harnessing Technology”, called for 
the research and development of e-learning at all levels of 
education [8]. This strategy might have been a key catalyst 
that explains the rapid increase of published articles as a 
result of increased research. The Spanish Government’s 
Plan Avanza policy, which was also ratified in 2005, 
outlined the key importance of advancement in ICT on and 
societal and economic level, and is highly likely to been a 
key force behind the rise in research and articles [9]. 

Using multiple search results from the Milky Way search 
engine to create an international view of research, as 
demonstrated, may help novice research students identify 
public or private sector influences and benefactors that 
shape research trends within the field of mobile and 
ubiquitous learning. 

V. DETAILED ANALYSIS OF RESEARCH TRENDS IN 
CHINA, JAPAN, SPAIN AND TAIWAN 

In addition to analyzing research trends based on 
keyword queries, the Milky Way search engine also enables 
the user to perform analysis based on country of origin. This 
enables the user to perform more comprehensive analysis on 
individual countries. This was used to conducted detailed 
analysis to compare the differences in the mobile learning 
research trends of China, Japan, Spain and Taiwan and 
ascertain possible influences that may be of interest to a 
novice research student. 
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A. China 

 
Figure 6: Research trends of China 

 
The results from the analysis of keywords from China are 

displayed in Figure 6. A total of 55 articles were returned 
that contain possible trend keywords. Of particular interest 
are keywords which relate to the way learning is 
undertaken. Keywords, such as: “anytime”, “peer-to-peer”, 
“ubiquitous” and “self-promotion” suggest that there might 
be a research trend toward peer based ubiquitous learning. 

B. Japan 

 
Figure 7: Research trends of Japan 

 
In Figure 7 the results of the analysis of research trend 

keywords from Japan are displayed. A total of 19 articles 
were returned that contain possible research trend keywords. 
While the total number is significantly less than those 
returned for China, the amount of keyword variation is 
similar. Both countries share in common the keyword 
“ubiquitous” which has been highlighted as part of a 
possible trend. The keywords: “pdas” and “phones” 
suggests that hardware device related research may have 
been an early trend. More recent occurring may suggest that 
the recent trend has moved towards more software based 
research trends in mobile learning, such as: “movie”, 
“photos”, and “browsers”. 

C. Spain 

 
Figure 8: Research trends of Spain 

 
The results from the analysis of research trend keywords 

from Spain are displayed in Figure 8. A total of 32 articles 
were returned, which, along with the keyword variation, is 
moderate when compared to the previous results for China 
and Japan. The resulting keywords may suggest that the 
trends are mainly based around hardware related research, 
such as:“desktops”, “handhelds”, “devices”, “pdas”, and 
“phones”. 

D. Taiwan 

 
Figure 9: Research trends of Taiwan 

 
Analysis results from the search for research trend 

keywords from Taiwan are displayed in Figure 9. The total 
number of returned articles is an impressive 58 with a wide 
range in different possible research trend keywords when 
compared to the prevously reviewed countries: China, 
Japan, and Spain. Of particular interest is the rapid rise in 
the number of artcles published around 2004 to 2005, as 
previously discussed, which could possibly be attributed to 
Taiwan’s push into e-learning as discribed by Hwang [2]. 
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VI. CONCLUSION 
For research students, in the beginning it is important to 

conduct a thorough literature review and research survey to 
identify possible trends in their research field. In this paper, 
we propose the use of the Milky Way search engine by 
novice research students when conducting research surveys. 
Examples were provided to illustrate ways in which the use 
of the Milky Way search engine could be of help in 
supporting effective information collection and investigating 
research trends which is essential for planning projects.  

In the future, we plan to improve the system by making it 
more effective for trends analysis and information collection 
when use by novice research students. 
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