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Abstract—The computer science classes in China’s institutions
of higher education often have large numbers of students. In ad-
dition, many institutions offer “blended” classes that include both
on-campus and online students. These large blended classrooms
have long suffered from a lack of interactivity. Many online classes
simply provide recorded instructor lectures to which distance
students listen after downloading. This format only reinforces the
negative effects of passive nonparticipatory learning. At a major
university in Shanghai, researchers and developers actively seek
technological interventions that can greatly increase interactivity
in blended classes. They have developed a cutting-edge mobile
learning system that can deliver live broadcasts of real-time
classroom teaching to online students with mobile devices. Their
system allows students to customize their means of content-re-
ception, based on when and where the students are tuning into
the broadcast. The system also supports short text-messaging and
instant polls. Through these features, students can ask questions
and make suggestions in real time, and the instructor can respond
immediately. This paper describes this system in detail and also
reports results from a formal implementation of the system with a
blended classroom of 562 students (of whom 90% were online).

Index Terms—Case study, interactive computing, large-scale in-
tegration, learning systems, mobile learning.

I. INTRODUCTION

I N RECENT YEARS, models of distance education have
gravitated towards two different poles: the “individual flex-

ible teaching model” and the “extended classroom model” [1].
The former allows students to start the class at any time, study
in isolation, and communicate with instructors and classmates
through asynchronous tools. The latter organizes students into
groups and requires them to meet at local study centers and use
interactive technologies such as video conferencing [1].

The Online College detailed in this paper has moved to-
ward integrating the two models via a new mobile learning
(mLearning) system. Students can choose either to study alone
and asynchronously (on their own schedule), or they can
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connect to a live class by using portable devices and interact
with the instructors and other “ground” or online students.
Students who prefer the structure of the classroom can either
attend the class in person or use online learning as an extended
version of the classroom (by participating in live discussions
with classmates and instructors). Equally, students may choose
to use the class archives, forums, and “answering machine”
to learn on their own. This system helps to create a virtual
classroom setting, which enables students to customize their
learning experience based on their needs and preferences.
Students can tune into live broadcasts or view archived videos
of lectures online. All lectures and activities that go on in a
campus classroom are digitized simultaneously and broadcast
online, similar to online video programs and vodcasts (video
podcasts). The college’s core philosophy with respect to dis-
tance education is “learning anytime, anywhere.” Because
a majority of the students work full time, the college takes
steps to ensure flexibility in terms of course delivery, physical
location, and delivery medium.

Indeed, students seem to value the option of learning through
a variety of media. The Online College’s enrollment has in-
creased from 100 students in 2002 to 16 000 students in 2007.
However, the live broadcast system does not yet provide fully
interactive capabilities. Distance students can watch and listen
to the live classrooms, but they cannot ask questions or partic-
ipate in any class activities. The mLearning system developed
at Shanghai Jiaotong University, Shanghai, China, provides the
means for distance students to interact with the instructor and
campus students, thus in effect bringing them into the live class-
rooms.

This lack of interactivity is a long-standing feature of
Chinese classrooms, in both online classes and campus class-
rooms. Many online classes simply provide recorded lectures
online or a CD-ROM, to which distance students listen after
downloading. Some argue that this noninteractive format is no
different from the old format of distance learning through corre-
spondence or by watching televised lectures. Distance learning
without interactivity only reinforces the negative effects of
passive, nonparticipatory learning. In addition, noninteractivity
obliges the instructors to lecture for the entire class session.
Even now, teacher-centered presentation dominates many of
the higher-educational classrooms in China and across the
world. Students, teachers, and instructional designers still see
knowledge as an entity that instructors can simply transfer to
students. Students are then compelled to listen to the instructor
and try to grasp the major “knowledge points” and content of a
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lecture. In the Chinese educational system, knowledge points
are similar to learning objectives in that they establish at the
beginning of the course the material the students are expected
to master.

The use of mLearning in this online college represents
an attempt to encourage students’ active participation in the
learning process and to engage them in constructivist learning
through social and intellectual interaction. For the purposes of
this paper, “mLearning” refers to education and communication
during class through the use of mobile phones. The E-Learning
Lab invested in mobile technology because of the devices’
high degree of market penetration in all parts of China. The
global penetration rates of mobile devices are equally impres-
sive. Worldwide, there are close to 2.7 billion active mobile
phones [2]. With their rapid technological development, mobile
learning in China and across the world will provide enormous
opportunities in the near future. Through adapting the current
curriculum for interactive teaching and learning, researchers
and developers in the E-Learning lab also hope to set an
example for pedagogic changes in China’s system of higher
education. The use of mLearning also aligns with the “learning
anytime, anywhere” philosophy of this college. Students are no
longer tied to a classroom; they have the opportunity to study
whenever they have time and from wherever they live.

This study seeks to examine three essential questions re-
garding the mLearning experience in a computer science
course. First, researchers conducted preintervention student
surveys to determine how students felt about mobile learning.
Second, researchers conducted a post-intervention course eval-
uation to determine if students benefited from interactivities
supported by the mLearning system. Third, researchers com-
pared the students’ final course grades with their use of mobile
technology to determine how mobile learning affects students’
learning. In essence, the researchers asked: 1) Will students use
it? 2) Did they like it? and 3) Did the intervention work?

II. THEORETICAL FRAMEWORK

Although mobile learning has been used around the world,
a review of extant literature reveals dissent about the proper
use and utility of mobile technology as learning tools. For ex-
ample, Harris [3] promotes a view of mobile learning that values
the dual benefits of distance learning and constant connectivity.
Wagner and Wilson [4], on the other hand, advise that mobile
learning should not be viewed as “e-learning” transferred to mo-
bile devices. Instead, they contend, the value of mobile devices
as tools of learning is found in the storage capabilities that en-
able people to connect to previously downloaded materials at
any time.

Foremost in the minds of educators and researchers at this
stage, of course, are the limitations imposed upon learners by
the size restrictions of mobile devices. The small screen size
impacts the effectiveness of viewing content [5]. Moreover, the
small keypads do not promote ergonomically satisfying input
methods. These limitations restrict the primary functions of mo-
bile devices to brief textual communications and the viewing of
small chunks of data [6]. Considering all these constraints, re-
searchers must consider how mobile devices can be used in large

Fig. 1. The course content displayed on a mobile phone.

classrooms (especially classes that include both campus-based
and online students), as well as how the current curriculum can
be adapted for mobile delivery.

Successful trials indicate that the potential benefits of mo-
bile learning will change the nature of the classroom, providing
that instructional designers implement the devices effectively.
For example, mobile learning currently enables researchers and
students to bring the classroom into the field by enabling easy
note-taking and audio/video recordings [7]. The ubiquity of mo-
bile devices themselves further promises to accelerate the use of
non-PC-based digital learning, and to free students from the tra-
ditional classroom/field model. Penetration rates of mobile de-
vices (especially cellular telephones) surpass that of home com-
puters in many parts of the world.

In China and many other countries, mobile phones have the
potential to expand the accessibility of learning opportunities
[1]–[4]. However, the best practices for using mobile devices in
teaching and learning are still unknown. Systematic studies are
needed to investigate students’ and instructors’ experiences with
mobile learning. Researchers must study and examine existing
mobile learning programs to highlight their strengths. Designers
must capitalize on these strengths to further develop new mobile
learning opportunities. Future research, however, should also at-
tempt to evaluate any potential obstacles to effective communi-
cation, such as the use of text-messaging as a communications
medium. In so doing, future learning programs can be designed
to minimize this type of problem.

Even at this early stage of development, mobile learning
presents a number of opportunities within the context of the
American university classroom. Researchers at the University
of California at San Diego have conducted a number of valu-
able experiments that demonstrate mobile learning’s ability
to increase student-instructor interactivity and provide novel
learning experiences. In [8], Ratto and his colleagues designed
a mobile learning system (based on palmtop devices) that
addresses the divergent requirements of students, teaching
assistants, and professors within the same classroom envi-
ronment. This “ecological” perspective allowed their mobile
system (called “ActiveClass”) to meet the needs of each group
simultaneously. During lectures, for example, the ActiveClass
software allowed students to anonymously ask the professor
questions about the lecture material. This feature increased the
volume of classroom participation by allowing large groups of
students to access the professor without interrupting the lecture.
At the same time, professors could choose among the questions
and select them based on their quality. Instructors could also
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Fig. 2. A high-level view of the course delivery system.

deflect specific, off-topic, or tangential questions to the course
forums for later discussion by students and teaching assistants.

The researchers [8] responsible for the ActiveClass experi-
ment also note that mobile technology is not a panacea. While
researchers observed an overall increase in the amount of ques-
tions asked (“a broadening of discourse,” as they call it), their
experiment did not reveal an overall increase in the number of
students who asked questions. A number of “shy students” re-
frained from asking questions at all. The researchers advanced
the possibility that “shy students” may feel uncomfortable
with or uninterested in the new technology. The experiments
reported in this study attempt to discover to what extent Chinese
learners (who probably own cell phones and palmtop devices,
but rarely respond in the physical classroom) benefited from
the mobile learning activities, to what degree students accept
mobile learning as an instructional option, and how designers
and instructors can better involve students in mobile learning
activities.

III. SYSTEM FUNCTION AND ARCHITECTURE

In the mLearning classroom, instructors carry out the multi-
media instruction from an instructor’s station, which supports
handwriting on its computer screen. As they teach, the in-
structors use either PowerPoint slides or handwriting on the
screen. Cameras and microphones that are connected to the
computer capture live video of the classroom. A recording
program, an integrated part of the mobile phone broadcasting
subsystem, records all of these media components (audio,
video, handwriting, and PowerPoint presentations) and relays
them in customizable combinations to students.

Fig. 1 illustrates what a student sees on his/her computer
screen or mobile device when tuning into an online broadcast.
Fig. 2 displays the structure of the mLearning course delivery
system.

In the meantime, the instructor station displays messages
from the students. It also reports their learning progress, their
questions, and their feedback to the instruction. The system
delivers these messages as mobile phone text messages through
a short message service (SMS) protocol. The instructor can
address these messages either by typing on the screen or by
giving an oral explanation, which the entire class can see or

hear. In addition, this mobile learning system can also display
on a larger screen the mobile device screen of any of the
students tuned into a live broadcast, allowing the instructor to
supervise students’ learning [9]. The instructor can also take
an instant poll on any aspect of the instruction, including pace,
clarity, content, and structure. The mobile learning server will
generate the poll results and immediately send them to the
instructor, who can then adjust her/his instruction on the fly.

Students can choose the format of the live broadcast from
multiple perspectives. They can view it from that of the in-
structor’s station (with the teacher’s screen, audio, and a small
video feed of the real-time classroom), from a “virtual student”
perspective (the video of the PowerPoint presentation and audio
of the instructor) or from the “front row” (close-up on the in-
structor’s facial expressions and other body language). The first
two modalities have the potential to recreate the feeling of sit-
ting in a real classroom with the instructor at the front and other
students nearby. When attending class online, students can also
use their mobile phones to send short text messages to com-
municate with the instructor (including questions, suggestions,
requests, or other types of feedback).

In summary, the instructors, students, and system administra-
tors cooperate to create a virtual classroom that includes both
online and classroom students and the real-time communication
between online students and the instructors. However, their
cooperation relies on the support of the mobile learning system,
which conducts the coding and decoding of the multimedia
teaching stream and manages the time delay. The system is
quite robust and can be used in many of the large classes offered
at this online college.

IV. METHOD

This introductory computer science class mainly teaches
basic knowledge of computer science, the use of Windows
XP and Microsoft Office, and basic knowledge of computer
networks and also includes an introduction to the structure of
the Internet, computer security, and multimedia technologies.
The instructor presented to both campus and online students
for 3 h each week. The mLearning system archived videos of
the course on the class’s Web site for students to review at their
convenience. The class content is organized by “knowledge
points,” or small, clearly defined units of knowledge or skills.
As an example, in this computer science, class students com-
pleted a presurvey in which they rated their existing level of
knowledge on each of the course’s knowledge points. The main
knowledge points in this class include:

1) the basic concepts of computers such as the development
of computers, types of computers, major characteristics of
computers, and major uses of computers;

2) use of basic Microsoft Office tools;
3) basic concepts of computer networking;
4) Internet use in Chinese society.
This class is a typical “blended” or “hybrid” class that

includes both “ground” and online students. The classroom
in this online college is equipped with an instructor computer
with two LCD monitors, a microphone, a Web camera, and
recording devices that are connected to this mLearning system.
The instructor normally sat in front of the computer and
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presented the major knowledge points for each session using
PowerPoint slides. The end of each PowerPoint presentation
had 10 multiple-choice questions, which prompted students to
review the essential knowledge points that they had just learned
from the instructor presentation. “Ground” students who were
sitting in the class took notes and were free to hold discussions
with their classmates. Online students could tune into the live
class through the Internet, the educational TV channel, or via a
mobile device (e.g., cell phones). Because of the large number
of students in this class (562 total), and in order to make the live
class more visible to the online students, the instructor encour-
aged the students to ask or answer her questions by sending
short text messages. The messages were routed through the
mLearning system and were displayed on one of the LCD mon-
itors. The instructor would review these messages and address
them immediately. Most of these interactions would go on for
10–15 min. Afterward, the instructor presented real-world cases
related to these knowledge points and encouraged students to
discuss them through text messages. These text messages were
also captured and displayed on the instructor’s monitor.

Researchers collected data on this pedagogic strategy through
pre- and post-surveys and by comparing the grades of students
who were and were not active participants. The presurvey in this
class served as a needs assessment. The presurvey also provided
informative data about students’ professional background, their
experiences in taking online classes, their motivation for taking
the class, and their perceptions of cell-phone-based mobile
learning. A postsurvey solicited participants’ perceptions of the
mobile learning system, activities conducted using this system,
and their learning outcomes (i.e., grasp of the knowledge
points).

V. PRE- AND POST-INTERVENTION SURVEYS

Researchers conducted a preintervention survey to determine
if students were willing to use mobile learning technologies in
their class. Researchers assumed that a technology that makes
students nervous or uncomfortable would actually be detri-
mental to the learning experience. Researchers also conducted
a postintervention survey to determine if students enjoyed
mLearning and found it valuable. A technology that students
do not like and will not use cannot benefit them, regardless of
that technology’s sophistication, novelty, or utility.

A. Presurvey Results: Mobile Phone Use, Learning Styles, and
Sociability Preferences

Out of 562 students from this computer science class,
447 students responded to the presurvey. According to the
presurvey, 87.7% of the respondents consider themselves
very good at text-messaging on mobile phones. Only 10.6%
considered themselves beginning users, and 1.7% had never
used text-messaging before. When asked about their cell phone
usage, students replied that they mainly use mobile phones
for staying in touch with friends and family (86.9%), for
work-related activities (69.8%), and for chatting with friends
(84.8%). Only a small percentage (9.5%) used mobile phones
for studying and playing games.

Most noted that using mobile phones for course work would
be a new experience. However, 52.5% of the respondents have

taken a distance education class (via TV, the Internet, or any
other media) from this college before; the rest (45.9%) have
either participated in distance education at a different institution
or had not taken one before (0.8%). A great majority (95%) of
those who have taken a distance learning course did so through
the Internet (i.e., an online class).

When asked if they were willing to study using their mo-
bile phones, 33.55% said “yes,” 48.6% said “no,” and 17.5%
declined to answer because they were not familiar with this
learning format. Students identified the costs associated with
mobile phone-based mobile learning as a primary concern, fol-
lowed by the current technological constraints (hardware and
software). Some students expressed concern about the quality of
teaching and learning through mobile devices. Some stated that
they prefer to use e-mail or the online forum for class commu-
nication. The mobile learning research and development team
is aware of the problems regarding cost and have found ways
to reduce the burden on students. For instance, the development
team provided toll-free numbers for students to use for sending
in text messages.

As for the length of mobile phone interactivity, 78.2% of
the 447 respondents voted for less than 5 min. 87.3% of them
would like to receive content in the format of quizzes, 78.2%
would like to get interesting stories, and 34% would like to
receive real case studies. Students gave convincing reasons
to support their choices. For instance, they felt that mobile
phone interactivity can help them grasp the basic concepts of
computer science. However, students felt concerned about the
lack of hands-on learning. From a cognitive science standpoint,
kinesthetic learning is a primary means of gaining particular
skills (such as computer operation and trouble shooting), so this
concern seems worthy of consideration. Thus, mobile learning
may lend itself better to short, interesting content that does not
require hands-on practice.

Regarding media use in mobile learning, only 281 of the re-
spondents indicated a preference. 46.3% of learners chose audio
and video, followed by text as their second choice (45%). Forty
percent (40%) said they did not know enough about mobile
learning to make an informed decision. Their preference for
audio and video seems affected by the prevalence of online mul-
timedia technologies. However, considering the current techno-
logical constraints, it will be challenging to provide media-rich
content in mobile learning. Just over 54% of learners (54.5%)
voted for once-a-day mobile interactions, while 38% voted for
once or twice a week. Therefore, mobile learning involving in-
tensive interaction and multimedia should be used in modera-
tion in these classes and should be used as a supplement to other
types of class interactions (such as e-mail, forums, and instant
messaging).

The presurvey also asked about students’ learning styles and
socializing preferences to determine if mobile learning fits their
needs and learning preferences. The learning styles of the stu-
dents were examined from six dimensions. The descriptive anal-
ysis of the data collected about their learning styles led to a se-
ries of findings that can guide course design and conduct.

1) Establishing learning goals: The frequency analysis
shows that over 50% of the 447 respondents prefer to
let the instructor tell them what to learn, but 43.97% of
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students prefer to set their own pace and monitor their own
progress of study. The rest of the students (2.3%) prefer
a combination of both.

2) Preferences for ways of learning: The frequency analysis
shows that over 60% of respondents prefer to collaborate
with other students to complete course assignments. Thirty
percent (30%) of them are willing to participate in dis-
cussions with other students. Only 4.23% prefer to study
alone.

3) Preferences for study groups: The frequency analysis
shows that over 89% of respondents prefer study groups.
Among them, over 70% of them prefer to be assigned to
the group where the knowledge level of group members is
higher than their own, and over 18% prefer to be assigned
to a group at his or her level. About 10% report no prefer-
ence for studying alone or studying in groups.

4) Best ways to study computer science: Just over 48%
(48.63%) of students prefer to study computer science
through an online forum, 25% (25.16%) through commu-
nicating with the teachers and the students, 21% (20.93%)
through watching video, and others prefer the combination
of these three ways.

5) Goals in taking this course: The frequency analysis shows
that 54.44% of the respondents took this course in order
to learn new knowledge and skills. Only 3.17% took this
course in order to get credits and good grades. Forty-two
percent (42.28%) of the respondents choose both.

6) Preferences for assessment: The frequency analysis
shows that 65.54% of the respondents prefer a final as-
sessment (summative evaluation). Thirty-four percent
(34.04%) prefer assessment during the course (formative
evaluation). Few students showed no preference on this
question.

The results of this survey indicate that a niche exists in the
Chinese classroom. Students would like to participate in study
groups and work with others on projects, but they refrain from
doing so in the physical classroom. mLearning technologies are
in a position to realize the opportunities and needs that students
cannot realize in their nonvirtual worlds.

B. Impact of mLearning on Student Learning Outcomes

Researchers also performed a descriptive analysis of par-
ticipants and nonparticipants’ grades to determine if mobile
learning interventions have a positive or negative effect on
learners. A sample of 550 students from the computer science
course were selected and categorized into two groups: par-
ticipants (who used mLearning tools during the course) and
nonparticipants (those who did not use mLearning technologies
during the course).

Because the grades of both groups (participants and nonpar-
ticipants) appear as skewed distributions, researchers used the
Mann-Whitney test (nonparametric test for independent sam-
ples) to compare the median differences between the two inde-
pendent groups. As shown in Table I, the mean rank of non-
participants is 244.86, while the mean rank of participants is

TABLE I
RESULTS OF THE MANN-WHITNEY � TEST � COMPARING THE PERFORMANCE

OF PARTICIPANTS AND NONPARTICIPANTS

TABLE II
MANN-WHITNEY � TEST FOR COMPARING THE PERFORMANCE

OF PARTICIPANTS

311.73. test results show that participants’ grades are sig-
nificantly higher than that of the nonparticipants’ ( ,

, , ).
Researchers conducted another Mann-Whitney test

(Table II) to compare the grades of the two groups of partici-
pants: those who participated all the time (full participants) and
those who participated from time to time (partial participants).
A learner’s participation status (full versus partial) was deter-
mined based on their SMS text-messaging activities recorded
by the mLearning system. The mean rank of full participants
is 173.25, while the mean rank of partial participants is 64.17.

test results ( , , , )
indicate that the grades of full participants are significantly
higher than partial participants.

Although many factors might have influenced students’
grades, their performance differences can be attributed to their
participation in mLearing activities. The following conditions
support this interpretation of the data:

1) Based on the presurvey on students’ grasp of the main
knowledge points, their preclass levels were similar. The
mean rating of their familiarity with the knowledge points
was 2.3 on a scale of 1 (not at all) to 5 (very well), with a
standard deviation of 0.5.

2) Students’ participation in mobile interactions was com-
pletely voluntary. Although the instructor gave bonus
points as incentives for participation, these points were
removed for statistical analysis (descriptive analysis and

tests).
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TABLE III
SURVEY QUESTIONS AND DESCRIPTIVE ANALYSIS

C. Findings From an Analysis of the Post-Survey

Because participation in mobile learning is completely vol-
untary, 264 students participated in the mobile learning activ-
ities; 12 of them withdrew from the class for various reasons.
The survey yielded 244 responses from the 252 mLearning par-
ticipants in this computer science course. Based on the demo-
graphic information collected from the presurvey, these 244 stu-
dents form a representative sample of the student population at
this college.

Researchers conducted a series of analyses to help deter-
mine how students respond to four major facets of the mobile
learning system. Findings corroborate the statistical evidence
of mLearning’s influence on learning outcomes, and also pro-
vide insights into students’ learning experiences. Researchers
explored these constructs (including satisfaction, interaction
with content, social interaction, and effects on study habits) by
using the raw data gathered from the survey. Table III gives
the survey’s fifteen questions (translated into English from
Chinese) and a descriptive analysis of the responses.

The postsurvey gathered data relating to a number of prac-
tical questions. First, it sought to determine if students enjoyed
the mobile learning experience. If students did not enjoy partic-
ipating in mobile learning activities, then developers may need

to consider future design changes. Second, it provided insight
into how students felt about interactions with fellow learners
via the mobile classroom. This seeks to address the concern
that students may feel isolated or disconnected from one an-
other. Third, it asked how students felt about their relationship
to their instructors in the mobile learning environment. Due to
the large number of students in this class, students might feel
distanced or separated from their instructor. This study aims to
discover if the mobile environment helps to reduce the psycho-
logical distance between students and the instructor. Fourth, re-
searchers asked questions about the mobile classroom’s effects
on students’ study habits and their ability to learn from the on-
line system.

D. Reliability of Student Responses

For this study, researchers used Cronbach’s Alpha test to de-
termine if the survey generated reliable data. Reliability tests
help to determine whether a given survey yields a consistent
range of answers across the entire data set. While these tests
do not reveal whether the survey produces valid results, relia-
bility tests such as Cronbach’s Alpha reveal whether students’
answers fall within a predictable range.
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TABLE IV
STUDENTS’ OVERALL SATISFACTION LEVEL WITH THIS CLASS

For the above survey, researchers determined that a Cronbach
Alpha of would be necessary to label the data as “re-
liable.” The statistical software generated a Cronbach’s Alpha
value of (number of cases , number of survey
items ), indicating that this survey yields reliable results.
Researchers also ran a second Cronbach analysis of the data that
excluded question number one. Question number one operates
on a Likert scale of 1–4, compared to the 1–5 used on the rest of
the questions. The results of that test differ by less
than 1% from the original, indicating that the scale itself does
not significantly reduce the reliability of the test.

E. Findings From the Narrative Data of the Postsurvey

Out of 562 students, 244 responded to the class’s post-inter-
vention survey. Of the 244, 107 (43.9%) reported participating
fully in class activities through mobile devices, 60 (24.6%) re-
ported engaging in periodic interactions, and 77 did not partici-
pate in any of the activities. The main activities they conducted
through cell phones or PDAs included:

a) discussing course-related content with classmates
(40.16%);

b) answering questions from the instructor (18.03%);
c) asking questions of the instructor or her assistants

(7.79%);
d) asking classmates questions (7.38%);
e) all of these activities (20.49%).
Students provided feedback on five aspects of mLearning:

1) the content used in class activities; 2) the length of each ac-
tivity; 3) the frequency of mLearning use in class; 4) the organ-
ization of mLearning activities; and 5) technical suggestions.
Table IV shows students’ satisfaction level with this class, and
Tables III and IV tabulate their participation information.

Mobile students’ felt a high degree of satisfaction with this
course, with 28.3% being somewhat satisfied, 59.8% being sat-
isfied, and 9.8% being very satisfied. Existing reports [10], [11]
reveal that student satisfaction affects their performance and the
drop-out rates, especially in online courses. Close to 70% of the
students participated in at least some of the mLearning activ-
ities. The remaining 30% of students (the nonparticipants) re-
quire close attention to determine why they declined to partici-
pate.

As Table V shows, about 56.4% of the students took the
initiative in discussing course-related questions with their
classmates. Those who had engaged in distance learning in the
past were more willing to interact with their classmates through
mobile learning. The survey results also point to the need to
group students based on their learning preferences and their
knowledge and skills. Member exchanges within groups should

be strengthened, so as to promote learning- and learner-cen-
tered pedagogy, and to encourage students’ initiative in learning
through peer influence. In the meantime, instructors should
learn to change their role from “sage on stage” to coach and
facilitator. Therefore, the traditional teacher-centered pedagogy
needs fundamental changes better to motivate students and
stimulate their enthusiasm.

The following assertions come from students’ comments on
their experiences with mobile learning and their suggestions for
better organizing the mLearning activities. A majority of the
students (72.54%) were positive about the mLearning activities
used in their class. Students reported liking mobile learning be-
cause:

a) mLearning allows students to learn at their own pace and
according to their own schedule;

b) mLearning reduces the effects of time and space disjunc-
tions and reduces the transaction distance between the in-
structor and students;

c) the technology increased their ability to interact and so-
cialize with others;

d) the technology increased motivation and self-regulation;
e) the students grasped knowledge points more effectively

through interaction and self-paced review of the archives
afterward.

When asked if mLearning helped them learn to interact with
others via cell phones, 54.51% of 244 respondents answered “a
little,” 21.72% said “very much,” and 22.95% said “no.” This
result indicates that students were still acclimating to studying
with cell phones. Further efforts are needed to translate students’
good learning habits from the classroom to cell phones. These
findings have lead researchers to conclude that mLearning con-
tent must be made more interesting and engaging in order to en-
courage both competition and collaboration among participants.

F. Suggestions for Improving the mLearning Activities

In summary, respondents offered several good suggestions for
improving the mLearning activities used in this class, including
the following.

1) Increase interactions, especially outside class sessions.
This increase may be accomplished by using artificial intel-
ligence tools, such as the “answering machine,” that is con-
nected to the course’s learning system. Students type in a
question, and the “answering machine” will search its data-
base of answers and provide one that is the closest match
to the question.

2) Design content specifically for mobile learning. The con-
tent should not be limited to textbooks and the instructor’s
presentations, but should be more extensive (or “should
be wider-ranging”) to include relevant learning content or
even social topics such as problems encountered at work or
in their personal lives. In addition, considering the highly
technical nature of the course content, the topics being dis-
cussed should be displayed on the computer screen to assist
students to understand it.

3) Provide more opportunities for interaction through
study groups, etc. Students hope to take more initiative in
learning and to get immediate feedback from the instructor
on their participation. Their expectations for feedback pose
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TABLE V
MAIN MLEARN ACTIVITIES ENGAGED IN BY STUDENTS

a great challenge for the instructors since this class has
about 600 students. Even though not everyone will attend
the live sessions (either in person or online), the average
number of attendees is near 500 per class. Developers
will need to look into alternative ways to fulfill students’
requirements.

4) Expand the communication tools. As to the frequency
of mLearning interactions, students differ in their expecta-
tions. Due to the limited text length on a cell phone, stu-
dents suggested combining mLearning interactions with
other communication tools—such as forums, e-mails, QQ,
IMing, the Internet, MP3, and an audio system—so that
there can be a better integration of Internet-based commu-
nications and media and mobile devices.

VI. CONCLUSION AND FUTURE WORK

Overall, students felt comfortable and happy with the use of
interactive mLearning in their computer science class. Far from
rejecting the technology, students want more—more varieties
of interaction, more types of content, and more features. Student
acceptance of this emerging technology represents a step toward
anytime, anywhere learning that brings students together instead
of isolating them from their classmates.

The E-Learning Lab in the Online College at Shanghai Uni-
versity has made significant progress toward making mobile
learning a reality for students. Though this analysis proves a
good starting point for the study of mLearning’s effects on stu-
dents in a computer science class, a great number of pedagogic
issues remain. Future research will undoubtedly discover other
uses for mobile learning as the technology matures and gains
wider acceptance. At this point, however, researchers have iden-
tified certain limitations to this study.

1) Culture and Language: Researchers conducted the orig-
inal survey at a large Chinese university. The specifics of cul-
tural attitudes toward learning suggest that some variation in re-
sults will occur from one culture to another. As mobile learning
gains popularity in Europe, Africa, Australia, and the Americas,
researchers may need to ask different questions to uncover how
a specific learning group reacts to mLearning courses.

2) Repeated Testing: Future researchers must vet their sur-
veys thoroughly before deploying them. Due to time constraints,
researchers could not “dry-run” the survey used to generate the
cluster analysis on smaller focus groups.

3) Population: At present, few mLearning courses are avail-
able to students. Even at large-scale testing grounds, such as
reported here, only a small percentage of the students learn via
mobile technologies. These students may differ from the larger
student population in unexpected ways, including learning style

preferences, social habits, and educational goals. Researchers
must work to isolate and control these variables.

Finally, through pilot testing this system with more classes,
future researchers can address a number of troublesome peda-
gogic issues. For instance:

1) How can the system help build an effective virtual learning
environment among large numbers of online students in
computer science classrooms?

2) What are the best ways for the instructor to facilitate
blended classrooms that include both face-to-face and
online students?

3) Do students grasp the computer science knowledge points
better after participating in mobile learning activities?

These questions warrant serious attention in the coming
years.

Technological and instructional developments in the field of
mobile learning are at a tipping point. Only careful observation,
repeated testing, and systematic evaluation will ensure that the
technology finds a place in the lifelong learning environment
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