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Abstract

This study examines diverse information media in order to identify those formats that are most
suitable for consumption via handheld mobile devices, namely, smartphones and tablets. The
preferences of the users are measured objectively by analyzing actual data of their relative use of
handheld mobile devices and personal computing (PC) desktop devices, including laptops and
notebooks, for consumption of information presented in various formats. Our findings are based
on Google Analytics pageview data of five course Websites during a period of three semesters, by
11,557 undergraduate students. M-learning contexts were chosen, since in a learning environment
the interests of information providers (i.e., the instructors) are in accord with those of the infor-
mation consumers (i.e., the students), whereas in commercial settings there may be conflicts of
interests. Our findings demonstrate that although about 90% of the pageviews were via PC devic-
es, the rate of smartphone use for consuming learning content in diverse information media is
gradually increasing as time goes by, whereas the rate of tablet use for these purposes is stagnant.
The most promising direction for smartphone development, emanating from the findings, is
online video content.

Keywords: mobile applications acceptance, information format, information media, instructional
media, mobile learning (m-learning), diffusion of innovation, human computer interaction.

Introduction

Websites provide information through various media, like text, video, and audio. The majority of
this information was designed for being consumed via desktop devices, i.e., personal computers,
and laptops, as well as notebooks, alt-

Material published as part of this publication, either on-line or
in print, is copyrighted by the Informing Science Institute.
Permission to make digital or paper copy of part or all of these
works for personal or classroom use is granted without fee
provided that the copies are not made or distributed for profit
or commercial advantage AND that copies 1) bear this notice
in full and 2) give the full citation on the first page. It is per-
missible to abstract these works so long as credit is given. To
copy in all other cases or to republish or to post on a server or
to redistribute to lists requires specific permission and payment
of a fee. Contact Publisher@InformingScience.org to request
redistribution permission.

hough to a lesser extent. The evolution
of mobile technology, particularly the
emergence of smartphones and tablets,
enabled ubiquitous access to the Internet
in order to consume information. In re-
cent years, the use of mobile phones has
been extended from voice calls to inter-
active services and information provided
in diverse formats. According to Dug-
gan and Rainie (2012), at least 85% of
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Consumption Patterns of Information Media via Mobile Devices

American adults owned a mobile phone during the years 2009-2012. However, in 2009, only 25%
of them used the mobile phone to access the Internet, while in 2012, 56% of them did so. By the
beginning of 2014, 90% of American adults had a cell phone, while 58% of them had a
smartphone. (Pew Research Center, 2014).

Worldwide, the number of people owning a smartphone is increasing. Although it may seem dif-
ficult to use the mobile interface, customers are adopting this channel to get information. Surveys
indicate that smartphone users learn how to use the applications of these devices and gradually
adopt more applications (Smith, 2012). In order to improve information consumption, as well as
information dissemination, there is a need to examine which information formats are more effec-
tive when accessed through mobile devices such as smartphones and tablets. Handheld mobile
devices face obstacles due to their size, e.g., tiny screens, resolution, small keyboards, and con-
nectivity limits (Barnes & Huff, 2003; Gafni, 2008). If they are not satisfactorily taken care of by
information providers, some of these factors may impair implementation success. To enable con-
sumers to access information through handheld mobile devices in an appropriate manner, the in-
formation provider has to develop a suitable interface, technically adapted to the characteristics of
mobile devices and to different operating systems of smartphones and tablets. These interfaces
need to be specially designed to fit mobile screens due to different usage modes, such as touch
screens (Parsons, 2007). For mobile devices, each information format requires specific develop-
ment in order to make it accessible, as well as to cope with the informing challenge (Cohen,
2009; Gill & Bhattacherjee, 2007, 2009) and deliver the information effectively.

The purpose of this study is to examine diverse information media in order to identify those for-
mats that are most suitable for consumption via handheld mobile devices. The novelty of this re-
search is that it takes the perspective of the users and measures their preferences objectively by
analyzing actual data of their relative use of handheld mobile devices and desktop devices for
consumption of information presented in various formats.

Furthermore, until the development of smartphones and similar devices, it was assumed that due
to their size constraint mobile devices were most suitable for parsimonious information formats
(Barnes & Huff, 2003), preferably short text. Prior research indicated that incongruent display of
information designed for other devices may impair its value, e.g., by negatively influencing criti-
cal reading (Eshet-Alkalai, & Geri, 2010). However, it seems that the current handheld mobile
devices may be appropriate for consumption of rich formats of information, such as video and
audio, but may be less convenient for reading lengthy texts (Gafni & Geri, 2013a).

This study focuses on mobile learning (m-learning) and examines consumption of information in
various formats by students via desktop and handheld mobile devices. M-learning contexts were
chosen, rather than a commercial setting, since in a learning environment the interests of infor-
mation providers (i.e., the instructors) are in accord with those of the information consumers (i.e.,
the students), whereas in commercial settings there may be conflicts of interests.

The study is based on actual usage data of information consumption in diverse formats by stu-
dents of the Open University of Israel. The study aims to discover, using the logs accumulated for
the desktop and the mobile devices, the differences of usage and the adoption rate of the new
handheld mobile devices by the students and the difference in access to diverse formats of infor-
mation offered to them on course Websites.

Understanding the differences or similarities in handheld mobile devices and desktop devices use
can provide useful guidelines for deciding which contents are suitable for use through mobile de-
vices. The conclusions of this study may be applicable for either m-learning systems or business
environments where, for example, firms need to decide which format of marketing information is
preferable when using handheld mobile devices.
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Theoretical Background

Few studies have examined the differences between online content consumption via personal
computing (PC) desktop devices and handheld mobile devices (Chae & Kim, 2003; Church &
Smith, 2008; Cui & Roto, 2008; Gafni & Geri, 2013a; Geri, Gafni, & Winer, 2014b; Inoue et al.,
2012; Tossell, Kortum, Rahmati, Shepard, & Zhong, 2012). Although both environments are used
for information retrieval, there are differences between the devices in the manner of us-

age (Halvey, Keane, & Smyth, 2006).

The value of handheld mobile devices includes ubiquity, personalization, and flexibility, as mo-
bile devices users tend to access the same content as they access via PC desktop devices (Hin-
man, Spasojevic, & Isomursa, 2008). Sometimes users prefer the mobile devices although there is
a PC nearby, mainly due to convenience, as well as laziness (Nylander, Lundquist, &
Bréannstrom, 2009). There are contradicting results reported in the literature regarding substituta-
bility or complementarity of stationary PC and handheld mobile devices (Barth & Heimeshoff,
2012).

Cognitive fit theory (Vessey, 1991), which was also applied for mobile devices adoption studies
(Adipat, Zhang, & Zhou, 2011; Lee, Cheng, & Cheng, 2007), suggests that compatibility between
task and information presentation format results in superior task performance. On the one hand,
people tend to perform more and more tasks via their handheld mobile devices, but, on the other
hand, learning requires concentration, and therefore it may be best performed via personal com-
puting desktop devices in a comfortable and quiet environment. Furthermore, some mobile tech-
nologies or applications are relatively new, and it takes time for innovations to diffuse (Cochrane
& Bateman, 2010; Rogers, 2003). Hence, we hypothesize that:

H1: Over time, the use of handheld mobile devices for consumption of information in
formats that are suitable for these devices would increase.

Tablets have larger screens than smartphones, hence they might be more convenient for infor-
mation consumption. Nevertheless, smartphones are much more ubiquitous than tablets, so from
that aspect, it would have been expected that the rate of use of smartphones would be greater than
that of tablets (Rogers, 2003). Furthermore, smartphones enable access to the Internet via Wi-Fi,
as well as via the phone, whereas this may not be the case for some tablets that are dependent on
the availability of Wi-Fi. Concerning the context of learning and various information media,
some formats may not be fit for smartphones, tablets, or both. Critical reading, which is required
for studying, might be harder in mobile environments, especially via the tiny smartphone screen,
unless the content is adapted to the device (Eshet-Alkalai, & Geri, 2010). Another consideration
is the notion that smartphones are disruptive for tablets (Downes & Nunes, 2013). Therefore, we
propose that:

H?2: Smartphones would be used more than tablets for consumption of information media
that are fit for smartphones.

Methodology

This study utilized the data sets that online information systems produce when recording and stor-
ing logs of user activities and used data analytics (Geri, Gafni, & Winer, 2014a; LaValle, Lesser,
Shockley, Hopkins, & Kruschwitz, 2011; Levy & Ramim, 2012) for objectively investigating the
rate of adoption of handheld mobile devices, while considering various information formats.

The data was collected by Google Analytics (Clifton, 2012; Pakkala, Presser, & Christensen,
2012) from course Websites of the Open University of Israel that offers its students a choice of
distance and blended learning models.
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There are several ways in which the use of information provided on a Webpage may be meas-
ured. The main levels are subscribers, traffic, and revenues. In this study, the relevant level was
traffic, which was measured by pageviews of specific Webpages via personal computing desktop
devices (collectively for personal computers, laptops, and notebooks) and via handheld mobile
devices (separately for smartphones and tablets). Among the possibilities offered by Google Ana-
lytics, it provides information on pageviews according to the device that was used to access the
Webpage.

It should be noted that Google Analytics offers several possibilities to collect data, which are
sometimes determined automatically by certain attributes of the required data. Google Analytics’
procedure, which is most relevant in the context of this study, is providing sample data instead of
actual data when the amount of data that the analyst asked for is large (e.g., the number of
pageviews via certain devices of the homepage of a course with 500 enrolled students during a
semester). However, our measurement of the pageviews via Google Analytics was based on the
complete data, as opposed to the sample data automatically provided when the required amount
of data is large. This accurate measurement of the total pageviews involved much manual work,
but it was necessary because pilot testing of the automatic sample data provided by Google Ana-
lytics revealed inconsistencies.

The content of a course Website contains information in various formats. A certain Webpage may
contain information or provide access to information in one or several formats. The structure of
the course Websites enables measuring the pageviews of the following information media:

o The course homepage, which contains links to various information media and serves as a
portal to the content and activities within the course Website.

e Discussion boards (also called forums), which contain mainly short text messages and
enable communication between the instructors and the students, as well as among the
students.

e Resources, which mostly include written material, such as assignments, solutions to as-
signments, and sample exams. Usually these are MS Office documents.

e Presentations, which are usually PowerPoint slides that instructors use.

e Video lectures, which may serve as a substitute for attending face-to-face meetings or as
a means to reinforce learning.

e Books, which are the textbooks used in the course. However, books were available since
the second measured semester (2013B, see below) and on just two of the examined
course Websites, hence the observations regarding their use are exploratory in order to
assist further research. Furthermore, a book was downloaded only once to the student’s
device, and there was no way to measure actual reading data.

The sample included five undergraduate regular social sciences courses: Information Systems,
Marketing, Political Science, Organizational Behavior, and Price Theory. One of the courses, In-
formation Systems, was a fully online course. The other courses were taught mainly via a blended
learning mode, although students could choose to study them via a fully online mode, and about
5%-10% of them chose that option. These courses were selected because they represented diverse
sorts of courses, and they were generally considered as excellent courses with active Websites.
Undergraduate students were chosen because prior studies indicated that people who belonged to
generation Y (which refers to those born from the years 1982-3 until the year 2000) were more
inclined to adopt mobile devices applications (Gafni & Geri, 2013b), as younger people tend to
adopt new technologies (Morris & Venkatesh, 2000).
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The sample included a total of 11,557 students, who studied the five courses during one of the
following three semesters: 2013A (October 2012 - February 2013), 4,031 students; 2013 B
(March 2013 — July 2013), 3,686 students; and 2014 A (October 2013 — February 2014), 3,840
students. Each course was divided to three periods: beginning, middle, and end of the semester.
The purpose of this division was to observe rates of changes over time in the adoption of
handheld mobile devices.

Results

The first hypothesis suggested that over time there will be increased use of handheld mobile de-
vices for consumption of information in formats that are suitable for these devices. Table 1 pre-
sents the rates of personal computing desktop devices, smartphones, and tablets use for consump-
tion of diverse information media during three sub-periods: The beginning (first) period of semes-
ter 2013 A; the beginning of semester 2014A, which is a year after the first reported period; and
the end of semester 2014A. Table 1 also presents the results of * tests that were performed on the
pageviews numerical data (i.e., the number of pageviews via each sort of device). The rate of use
is reported since it has a higher informing value than the numerical pageview data.

As shown in Table 1, there was a significant increased use of handheld devices over time, as H1
suggested, for accessing course homepages, discussion forums, online video lectures, and re-
sources. However, H1 was not supported for presentations and books. As depicted in Figure 1,
the increase of smartphone use rate was greater than the increase of tablet use. The relative high-
est changes in smartphone rate of adoption were observed in forums, which grew from 1.3% at
the beginning of 2013a to 4.6% at the end of 2014b, and in online video lectures, which grew
from 2.2% at the beginning of 2013a to 5.6% at the end of 2014b.

Table 1: Rates of personal computing (PC) desktop devices, smartphones, and tablets use
for consumption of diverse information media during three periods

Information 2013A Beginning 2014A Beginning 2014A End Y, df=2
medium (2013Ab) (2014Ab) (2014Ae)

PC | Smart | Tablet| PC | Smart | Tablet| PC | Smart | Tablet |2013Ab|2013Ab

. o o o o 0 Vs. Vs.
% | phone | % o | phone | % /o | phone | % ) ab 20144

% % %
All pages 96.2 | 2.3 1.5 | 932 | 42 26 | 932 | 44 24 822-9 1,0*2*3.5
Homepage 96.2 | 24 14 | 939 | 4.0 2.1 | 93.1 | 47 2.2 333;2 7(3;-1
Forums 98.1 | 1.3 0.6 | 946 | 3.2 22 | 941 | 4.6 1.3 3*1;:4 3*95
Resources 977 | 14 09 | 957 | 21 22 | 964 | 138 1.8 534:6 334:4

Presentations | 92.1 3.7 42 929 | 3.6 35 934 | 33 33 1.7 3.9

Video lectures | 96.2 | 2.2 1.6 | 90.2 | 59 39 | 91.1 | 5.6 3.3 | 4619 | 408.0

Books 86.8 | 4.4 8.8 | 85.0 | 5.9 9.1 944 | 3.1 2.5 0.4 6.6
(2013B data *
instead of 2013A)

** Significant p<.0001, * significant p<.05
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Figure 1: Smartphone and tablet adoption rate at the beginning of semester 2013A,
the beginning of semester 2014A, and the end of semester 2014A

H2 concerned the use of tablets relatively to the use of smartphones. As Table 2 shows and Figure
2 presents, on average, smartphones were significantly used more than tablets for accessing the
course homepage, forums, and video lectures. Contrarily, consumption of digital books was
greater via tablets. However, there were no significant differences in the rate of consuming re-
sources and presentations, which was 2.75%-3.25%, and was relatively lower than that of other
information media. It is noteworthy that for smartphones these rates were smaller than those of
other formats, whereas for tablets these rates were higher than those of most formats, except for
books.

Table 2: Paired samples t-tests of smartphone and tablet use rate
for consumption of diverse information media

Information | Smartphone Tablet n t df Cohen’s
medium mean % mean % d

(SD) (SD)
All pages 4.00 1.97 15 5.481 14 1.43

(1.76) (0.97) ok Large
Homepage 4.13 1.60 15 6.141 14 1.76

(1.80) (0.90) *ok Large
Forums 4.10 1.20 15 6.487 14 2.29

(1.55) (0.77) ok Large
Resources 2.75 3.25 12 -0.37 11 -0.28

(2.18) (4.65) ns Small
Presentations 3.17 2.83 6 0.674 5 0.05

(7.50) (7.50) ns NA
Video lec- 4.80 2.70 15 2.924 14 0.80
tures (3.40) (1.50) * Large
Books 3.00 5.50 2 -5.000 1 -2.24
(2013B and (1.41) (0.71) ns Large
2014A)

** Significant p<.0001, * significant p<.05, ns=not significant
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Figure 2: Mean Smartphone and tablet adoption rates

Discussion

Theoretical Implications, Limitations, and Further Research

The findings indicate that both hypotheses were generally supported; over time, there was in-
creased use of handheld mobile devices, and the increase in the use of smartphones was signifi-
cantly higher than that of tablets, though the results were varied and were not significant for all
the examined information media. The differences between information media suggest that indeed
some devices are currently more suitable for certain information formats and user actions. The
relatively higher increase in the use of smartphones for online video content is noteworthy, not
only for practical purposes, as further discussed in the following section, but mainly from a theo-
retical perspective. Whereas mobile devices were considered limited and appropriate for parsi-
monious information formats (e.g., Barnes & Huff, 2003), as technologies change some sorts of
mobile handheld devices become appropriate for consumption of rich information formats, such
as videos. While the technical aspects of these changes, e.g., adequate bandwidth, are somewhat
obvious, the cognitive aspects are an interesting direction for further research and may also pro-
vide practical opportunities.

This study concerned consumption of content in various information media and focused on the
media rather than the content. Therefore, the findings are applicable to other e-learning systems,
as well as any other system where the users may choose the device with which to access content
of a Website. Nevertheless, the generalizability of the findings should be strengthened by further
research conducted in other environments.

Data analytics and the use of information provided by Google Analytics provide objective data,
which is a major methodological strength of this study. However, the accuracy of Google Analyt-
ics is somewhat limited. Furthermore, the analyzed data observed quantitative data of pageviews,
but could not address the qualitative aspects of these activities. Hence, although the data is ade-
quate as a source of accurate trends, it is desirable to investigate these issues with other method-
ologies like surveys, interviews, and experiments.

&9



Consumption Patterns of Information Media via Mobile Devices

Practical Implications

Currently, most students prefer personal computing desktop devices for consumption of all sorts
of information media. These findings are in line with prior research, which concerned the use of
online video lectures via handheld mobile devices for exam preparation (Geri, Gafni, & Winer,
2014b). Notwithstanding, our findings demonstrate the increasing use of smartphones, especially
for accessing forums and online video lectures. Considering the investments and efforts required
for adapting content for mobile handheld devices, our findings suggest that academic institutions
should focus on increasing the usability of consuming the content of forums and online video lec-
tures via smartphones. However, consumption of all information media via tablets was scant, ex-
cept for digital books. It should be noted that since tablets are bigger than smartphones it is less
convenient to carry them. As smartphones become a bit bigger, but yet much smaller than tablets,
consumers prefer smartphones, as reflected in worldwide declining tablet sales. Books were the
only content that was more consumed via tablets than via smartphones (although the sample was
limited, so this finding is less conclusive). Therefore, it seems that books are the only digital con-
tent that should be adapted to tablets. An alternative practical implication is that digital books
should be adjusted to be read via smartphones, because the current situation may be a conse-
quence of a “chicken and egg” problem, i.e., students did not consume digital books via
smartphones because the content was not adapted to smartphones, and if the content would be
modified, then its consumption via this device would increase.

Conclusion

Are handheld mobile devices disruptive for personal computing desktop devices (Downes &
Nunes, 2013)? Our findings suggest that the answer is no, or at least not yet, as about 90% or
more of the pageviews were via PC devices. Students may use mobile handheld devices to access
various information media and perhaps compose short text messages that are posted on forums.
However, PC devices are still the main means for preparing assignments, and, as our data demon-
strate, also for consuming content via all sorts of information media. Nevertheless, are
smartphones disruptive for tablets? Our findings support this trend, as we have found that the rate
of smartphone use for consuming learning content in diverse information media is gradually in-
creasing, as time goes by, whereas the rate of tablet use for these purposes is almost stagnant.

There are few studies that investigate differences between usage patterns of personal computing
desktop devices and handheld mobile devices, and this study adds to this body of knowledge.
Nonetheless, the unique contribution of the current study is the examination of evolving con-
sumption patterns of various information media via handheld mobile devices. The most promis-
ing direction for smartphones emanating from our findings is providing online video content.
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	Abstract
	This study examines diverse information media in order to identify those formats that are most suitable for consumption via handheld mobile devices, namely, smartphones and tablets. The preferences of the users are measured objectively by analyzing actual data of their relative use of handheld mobile devices and personal computing (PC) desktop devices, including laptops and notebooks, for consumption of information presented in various formats. Our findings are based on Google Analytics pageview data of five course Websites during a period of three semesters, by 11,557 undergraduate students. M-learning contexts were chosen, since in a learning environment the interests of information providers (i.e., the instructors) are in accord with those of the information consumers (i.e., the students), whereas in commercial settings there may be conflicts of interests. Our findings demonstrate that although about 90% of the pageviews were via PC devices, the rate of smartphone use for consuming learning content in diverse information media is gradually increasing as time goes by, whereas the rate of tablet use for these purposes is stagnant. The most promising direction for smartphone development, emanating from the findings, is online video content.
	Keywords: mobile applications acceptance, information format, information media, instructional media, mobile learning (m-learning), diffusion of innovation, human computer interaction. 
	Introduction 
	Websites provide information through various media, like text, video, and audio. The majority of this information was designed for being consumed via desktop devices, i.e., personal computers, and laptops, as well as notebooks, although to a lesser extent. The evolution of mobile technology, particularly the emergence of smartphones and tablets, enabled ubiquitous access to the Internet in order to consume information. In recent years, the use of mobile phones has been extended from ‎voice calls to interactive services and information provided in diverse formats. According to Duggan and Rainie (2012), at least 85% of American adults owned a mobile phone during the years 2009-2012. However, in 2009, only 25% of them used the mobile phone to access the Internet, while in 2012, 56% of them did so. By the beginning of 2014, 90% of American adults had a cell phone, while 58% of them had a smartphone. (Pew Research Center, 2014).   
	Worldwide, the number of people owning a smartphone is increasing. Although it may seem difficult to use the mobile interface, customers are adopting this ‎channel to get information. Surveys indicate that smartphone users learn how to use the applications of these devices and gradually adopt more applications (Smith, 2012‎). In order to improve information consumption, as well as information dissemination, there is a need to examine which information formats are more effective when accessed through mobile devices such as smartphones and tablets. Handheld mobile devices face obstacles due to their size, e.g., tiny screens, resolution, small keyboards, and connectivity limits (Barnes & Huff, 2003; Gafni, 2008). If they are not satisfactorily taken care of by information providers, some of these factors may impair ‎implementation success. To enable consumers to access information through ‎handheld mobile devices in an appropriate manner, the information provider has to develop a suitable interface, technically ‎adapted to the characteristics of mobile devices and to different operating systems of smartphones and tablets. These interfaces need to be specially designed to fit mobile ‎screens due to different usage modes, such as touch screens (Parsons, 2007). For mobile devices, each information format requires specific development in order to make it accessible, as well as to cope with the informing challenge (Cohen, 2009; Gill & Bhattacherjee, 2007, 2009) and deliver the information effectively. 
	The purpose of this study is to examine diverse information media in order to identify those formats that are most suitable for consumption via handheld mobile devices. The novelty of this research is that it takes the perspective of the users and measures their preferences objectively by analyzing actual data of their relative use of handheld mobile devices and desktop devices for consumption of information presented in various formats.  
	Furthermore, until the development of smartphones and similar devices, it was assumed that due to their size constraint mobile devices were most suitable for parsimonious information formats (Barnes & Huff, 2003), preferably short text. Prior research indicated that incongruent display of information designed for other devices may impair its value, e.g., by negatively influencing critical reading (Eshet-Alkalai, & Geri, 2010). However, it seems that the current handheld mobile devices may be appropriate for consumption of rich formats of information, such as video and audio, but may be less convenient for reading lengthy texts (Gafni & Geri, 2013a). 
	This study focuses on mobile learning (m-learning) and examines consumption of information in various formats by students via desktop and handheld mobile devices. M-learning contexts were chosen, rather than a commercial setting, since in a learning environment the interests of information providers (i.e., the instructors) are in accord with those of the information consumers (i.e., the students), whereas in commercial settings there may be conflicts of interests.    
	The study is based on actual usage data of information consumption in diverse formats by students of the Open University of Israel. The study aims to discover, using the ‎logs accumulated for the desktop and the mobile devices, the differences of usage and ‎the adoption rate of the new handheld mobile devices by the students and the difference in access to diverse formats of information offered to them on course Websites. 
	Understanding the differences or similarities in handheld mobile devices and desktop devices use can provide useful guidelines for deciding which contents are suitable for use through mobile devices. ‎The conclusions of this study may be applicable for either m-learning systems or business environments where, for example, firms need to decide which format of marketing information is preferable when using handheld mobile devices. 
	Theoretical Background
	Few studies have examined the differences between online content consumption via personal computing (PC) desktop devices and handheld mobile devices (Chae & Kim, 2003; ‎Church & Smith, 2008; Cui & Roto, 2008; Gafni & Geri, 2013a; Geri, Gafni, & Winer, 2014b; Inoue et al., 2012; Tossell, Kortum, Rahmati, Shepard, & Zhong, 2012). Although both ‎environments are used for information retrieval, there are differences between the devices in the manner of usage ‎‎(Halvey, Keane, & Smyth‎, 2006). 
	The value of handheld mobile devices includes ubiquity, ‎personalization, and flexibility, as mobile devices users tend to access the same content as they access via PC desktop devices (Hinman, Spasojevic, & Isomursa‎, 2008). Sometimes users prefer the mobile devices although there is a PC nearby, mainly due to convenience, as well as laziness (‎Nylander, Lundquist, & Brännström‎, 2009). There are contradicting results reported in the literature regarding substitutability or complementarity of stationary PC and handheld mobile devices (Barth & Heimeshoff, 2012). 
	Cognitive fit theory (Vessey, 1991), which was also applied for mobile devices adoption studies (Adipat, Zhang, & Zhou, 2011; Lee, Cheng, & Cheng, 2007), suggests that compatibility between task and information presentation format results in superior task performance. On the one hand, people tend to perform more and more tasks via their handheld mobile devices, but, on the other hand, learning requires concentration, and therefore it may be best performed via personal computing desktop devices in a comfortable and quiet environment. Furthermore, some mobile technologies or applications are relatively new, and it takes time for innovations to diffuse (Cochrane & Bateman, 2010; Rogers, 2003). Hence, we hypothesize that:  
	H1: Over time, the use of handheld mobile devices for consumption of information in formats that are suitable for these devices would increase. 
	Tablets have larger screens than smartphones, hence they might be more convenient for information consumption. Nevertheless, smartphones are much more ubiquitous than tablets, so from that aspect, it would have been expected that the rate of use of smartphones would be greater than that of tablets (Rogers, 2003). Furthermore, smartphones enable access to the Internet via Wi-Fi, as well as via the phone, whereas this may not be the case for some tablets that are dependent on the availability of Wi-Fi. Concerning the context of learning and various information media, some formats may not be fit for smartphones, tablets, or both. Critical reading, which is required for studying, might be harder in mobile environments, especially via the tiny smartphone screen, unless the content is adapted to the device (Eshet-Alkalai, & Geri, 2010). Another consideration is the notion that smartphones are disruptive for tablets (Downes & Nunes, 2013). Therefore, we propose that:    
	H2: Smartphones would be used more than tablets for consumption of information media that are fit for smartphones.   
	Methodology
	This study utilized the data sets that online information systems produce when recording and storing logs of user activities and used data analytics (Geri, Gafni, & Winer, 2014a; LaValle, Lesser, Shockley, Hopkins, & ‎Kruschwitz, 2011; Levy & Ramim, 2012) for objectively investigating the rate of adoption of handheld mobile devices, while considering various information formats. 
	The data was collected by Google Analytics (Clifton, 2012; Pakkala, Presser, & Christensen, 2012) from course Websites of the Open University of Israel that offers its students a choice of distance and blended learning models.
	There are several ways in which the use of information provided on a Webpage may be measured. The main levels are subscribers, ‎traffic, and revenues. In this study, the relevant level was traffic, which was measured by pageviews of specific Webpages via personal computing desktop devices (collectively for personal computers, laptops, and notebooks) and via handheld mobile devices (separately for smartphones and tablets). Among the possibilities offered by Google Analytics, it provides information on pageviews according to the device that was used to access the Webpage.
	It should be noted that Google Analytics offers several possibilities to collect data, which are sometimes determined automatically by certain attributes of the required data. Google Analytics’ procedure, which is most relevant in the context of this study, is providing sample data instead of actual data when the amount of data that the analyst asked for is large (e.g., the number of pageviews via certain devices of the homepage of a course with 500 enrolled students during a semester). However, our measurement of the pageviews via Google Analytics was based on the complete data, as opposed to the sample data automatically provided when the required amount of data is large. This accurate measurement of the total pageviews involved much manual work, but it was necessary because pilot testing of the automatic sample data provided by Google Analytics revealed inconsistencies.   
	The content of a course Website contains information in various formats. A certain Webpage may contain information or provide access to information in one or several formats. The structure of the course Websites enables measuring the pageviews of the following information media:
	 The course homepage, which contains links to various information media and serves as a portal to the content and activities within the course Website. 
	 Discussion boards (also called forums), which contain mainly short text messages and enable communication between the instructors and the students, as well as among the students.
	 Resources, which mostly include written material, such as assignments, solutions to assignments, and sample exams. Usually these are MS Office documents.  
	 Presentations, which are usually PowerPoint slides that instructors use.
	 Video lectures, which may serve as a substitute for attending face-to-face meetings or as a means to reinforce learning. 
	 Books, which are the textbooks used in the course. However, books were available since the second measured semester (2013B, see below) and on just two of the examined course Websites, hence the observations regarding their use are exploratory in order to assist further research. Furthermore, a book was downloaded only once to the student’s device, and there was no way to measure actual reading data.      
	The sample included five undergraduate regular social sciences courses: Information Systems, Marketing, Political Science, Organizational Behavior, and Price Theory. One of the courses, Information Systems, was a fully online course. The other courses were taught mainly via a blended learning mode, although students could choose to study them via a fully online mode, and about 5%-10% of them chose that option. These courses were selected because they represented diverse sorts of courses, and they were generally considered as excellent courses with active Websites. Undergraduate students were chosen because prior studies indicated that people who belonged to generation Y (which refers to those born from the years 1982-3 until the year 2000) were more inclined to adopt mobile devices applications (Gafni & Geri, 2013b), as younger people tend to adopt new technologies (Morris & Venkatesh, 2000).     
	The sample included a total of 11,557 students, who studied the five courses during one of the following three semesters: 2013A (October 2012 - February 2013), 4,031 students; 2013 B (March 2013 – July 2013), 3,686 students; and 2014 A (October 2013 – February 2014), 3,840 students. Each course was divided to three periods: beginning, middle, and end of the semester. The purpose of this division was to observe rates of changes over time in the adoption of handheld mobile devices.  
	Results 
	The first hypothesis suggested that over time there will be increased use of handheld mobile devices for consumption of information in formats that are suitable for these devices. Table 1 presents the rates of personal computing desktop devices, smartphones, and tablets use for consumption of diverse information media during three sub-periods: The beginning (first) period of semester 2013A; the beginning of semester 2014A, which is a year after the first reported period; and the end of semester 2014A. Table 1 also presents the results of χ2 tests that were performed on the pageviews numerical data (i.e., the number of pageviews via each sort of device). The rate of use is reported since it has a higher informing value than the numerical pageview data. 
	As shown in Table 1, there was a significant increased use of handheld devices over time, as H1 suggested, for accessing course homepages, discussion forums, online video lectures, and resources. However, H1 was not supported for presentations and books. As depicted in Figure 1, the increase of smartphone use rate was greater than the increase of tablet use. The relative highest changes in smartphone rate of adoption were observed in forums, which grew from 1.3% at the beginning of 2013a to 4.6% at the end of 2014b, and in online video lectures, which grew from 2.2% at the beginning of 2013a to 5.6% at the end of 2014b.  
	Table 1: Rates of personal computing (PC) desktop devices, smartphones, and tablets use for consumption of diverse information media during three periods  
	Information medium
	2013A Beginning(2013Ab)
	2014A Beginning(2014Ab)
	2014A End(2014Ae)
	χ2, df=2
	PC%
	Smartphone%
	Tablet%
	PC%
	Smartphone%
	Tablet%
	PC%
	Smartphone%
	Tablet%
	2013Ab Vs.2014Ab
	2013Ab Vs.2014Ae
	All pages
	96.2
	2.3
	1.5
	93.2
	4.2
	2.6
	93.2
	4.4
	2.4
	809.9**
	1,023.5**
	Homepage
	96.2
	2.4
	1.4
	93.9
	4.0
	2.1
	93.1
	4.7
	2.2
	326.2**
	707.1**
	Forums
	98.1
	1.3
	0.6
	94.6
	3.2
	2.2
	94.1
	4.6
	1.3
	31.4**
	39.2**
	Resources
	97.7
	1.4
	0.9
	95.7
	2.1
	2.2
	96.4
	1.8
	1.8
	53.6**
	32.4**
	Presentations
	92.1
	3.7
	4.2
	92.9
	3.6
	3.5
	93.4
	3.3
	3.3
	1.7
	3.9
	Video lectures
	96.2
	2.2
	1.6
	90.2
	5.9
	3.9
	91.1
	5.6
	3.3
	461.9**
	408.0**
	Books (2013B data instead of 2013A)
	86.8
	4.4
	8.8
	85.0
	5.9
	9.1
	94.4
	3.1
	2.5
	0.4
	6.6*
	** Significant p<.0001, * significant p<.05
	Figure 1: Smartphone and tablet adoption rate at the beginning of semester 2013A, the beginning of semester 2014A, and the end of semester 2014A
	H2 concerned the use of tablets relatively to the use of smartphones. As Table 2 shows and Figure 2 presents, on average, smartphones were significantly used more than tablets for accessing the course homepage, forums, and video lectures. Contrarily, consumption of digital books was greater via tablets. However, there were no significant differences in the rate of consuming resources and presentations, which was 2.75%-3.25%, and was relatively lower than that of other information media. It is noteworthy that for smartphones these rates were smaller than those of other formats, whereas for tablets these rates were higher than those of most formats, except for books.  
	Table 2: Paired samples t-tests of smartphone and tablet use ratefor consumption of diverse information media
	Information medium
	Smartphonemean %(SD)
	Tabletmean %(SD)
	n
	t
	df
	Cohen’s d
	All pages
	4.00(1.76)
	1.97(0.97)
	15
	5.481**
	14
	1.43Large
	Homepage
	4.13(1.80)
	1.60(0.90)
	15
	6.141**
	14
	1.76Large
	Forums
	4.10(1.55)
	1.20(0.77)
	15
	6.487**
	14
	2.29Large
	Resources
	2.75(2.18)
	3.25(4.65)
	12
	-0.37ns
	11
	-0.28Small
	Presentations
	3.17(7.50)
	2.83(7.50)
	6
	0.674ns
	5
	0.05NA
	Video lectures
	4.80(3.40)
	2.70(1.50)
	15
	2.924*
	14
	0.80Large
	Books (2013B and 2014A)
	3.00(1.41)
	5.50(0.71)
	2
	-5.000ns
	1
	-2.24Large
	** Significant p<.0001, * significant p<.05, ns=not significant 
	Figure 2: Mean Smartphone and tablet adoption rates  
	Discussion 
	Theoretical Implications, Limitations, and Further Research

	The findings indicate that both hypotheses were generally supported; over time, there was increased use of handheld mobile devices, and the increase in the use of smartphones was significantly higher than that of tablets, though the results were varied and were not significant for all the examined information media. The differences between information media suggest that indeed some devices are currently more suitable for certain information formats and user actions. The relatively higher increase in the use of smartphones for online video content is noteworthy, not only for practical purposes, as further discussed in the following section, but mainly from a theoretical perspective. Whereas mobile devices were considered limited and appropriate for parsimonious information formats (e.g., Barnes & Huff, 2003), as technologies change some sorts of mobile handheld devices become appropriate for consumption of rich information formats, such as videos. While the technical aspects of these changes, e.g., adequate bandwidth, are somewhat obvious, the cognitive aspects are an interesting direction for further research and may also provide practical opportunities.       
	This study concerned consumption of content in various information media and focused on the media rather than the content. Therefore, the findings are applicable to other e-learning systems, as well as any other system where the users may choose the device with which to access content of a Website. Nevertheless, the generalizability of the findings should be strengthened by further research conducted in other environments. 
	Data analytics and the use of information provided by Google Analytics provide objective data, which is a major methodological strength of this study. However, the accuracy of Google Analytics is somewhat limited. Furthermore, the analyzed data observed quantitative data of pageviews, but could not address the qualitative aspects of these activities. Hence, although the data is adequate as a source of accurate trends, it is desirable to investigate these issues with other methodologies like surveys, interviews, and experiments.    
	Practical Implications    

	Currently, most students prefer personal computing desktop devices for consumption of all sorts of information media. These findings are in line with prior research, which concerned the use of online video lectures via handheld mobile devices for exam preparation (Geri, Gafni, & Winer, 2014b). Notwithstanding, our findings demonstrate the increasing use of smartphones, especially for accessing forums and online video lectures. Considering the investments and efforts required for adapting content for mobile handheld devices, our findings suggest that academic institutions should focus on increasing the usability of consuming the content of forums and online video lectures via smartphones. However, consumption of all information media via tablets was scant, except for digital books. It should be noted that since tablets are bigger than smartphones it is less convenient to carry them. As smartphones become a bit bigger, but yet much smaller than tablets, consumers prefer smartphones, as reflected in worldwide declining tablet sales. Books were the only content that was more consumed via tablets than via smartphones (although the sample was limited, so this finding is less conclusive). Therefore, it seems that books are the only digital content that should be adapted to tablets. An alternative practical implication is that digital books should be adjusted to be read via smartphones, because the current situation may be a consequence of a “chicken and egg” problem, i.e., students did not consume digital books via smartphones because the content was not adapted to smartphones, and if the content would be modified, then its consumption via this device would increase.       
	Conclusion
	Are handheld mobile devices disruptive for personal computing desktop devices (Downes & Nunes, 2013)? Our findings suggest that the answer is no, or at least not yet, as about 90% or more of the pageviews were via PC devices. Students may use mobile handheld devices to access various information media and perhaps compose short text messages that are posted on forums. However, PC devices are still the main means for preparing assignments, and, as our data demonstrate, also for consuming content via all sorts of information media. Nevertheless, are smartphones disruptive for tablets? Our findings support this trend, as we have found that the rate of smartphone use for consuming learning content in diverse information media is gradually increasing, as time goes by, whereas the rate of tablet use for these purposes is almost stagnant. 
	There are few studies that investigate differences between usage patterns of personal computing desktop devices and handheld mobile devices, and this study adds to this body of knowledge. Nonetheless, the unique contribution of the current study is the examination of evolving consumption patterns of various information media via handheld mobile devices. The most promising direction for smartphones emanating from our findings is providing online video content.       
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